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Programming as an Engineering Tool in K-12:
ed4usa+Programming. Introducing the Purple Thread
(Evaluation)

Abstract

Nationwide, K-12 schools have implemented courses with the potential for AP® credit for
Computer Science Principles, providing a broad overview of computing and computational
thinking, exploring coding, learning how computing can affect the world around them, and
obtaining college credit. Far fewer schools have implemented engineering in K-12, and those
that have tend to be schools in more affluent districts. Committee reports from the National
Academies from the early 2000s show that making a fundamental difference is difficult without
specific educational standards and preservice teacher training, a situation that has shown little if
any improvement.

The NSF-funded e4usa program was designed and implemented as an effort to provide
engineering curriculum “for us all,” with the intention of demystifying and democratizing
engineering. The course authentically introduces “engineering,” not with the intent to produce
more engineering students, but to improve technological literacy and to allow students to
discover their engineering identity, all while working through the engineering design processes
to solve real problems. Students identify community-based problems and design engineering
solutions while consulting with stakeholders, producing prototypes, and developing test plans.
Course outcomes are clustered into color-coded tracks, including red (discover engineering),
yellow (engineering in society), blue (engineering professional skills), and green (engineering
design).

This paper focuses on the development of a course focused on programming in the e4usa
sequence of courses. As the curriculum was more widely implemented, it became apparent that
programming was a tool that added significant value when investigating solutions to problems
using engineering design to address issues, and an issue of significant interest to K-12 schools.
The course e4usa+Programming is in its pilot year.

This course uses MATLAB® as the programming language, since it is used prominently in
engineering analysis and design. The course follows the path of AP CS Principles, focusing on
the five big ideas: Creative Development, Data, Algorithms and Programming, Computer
Systems & Networks, and Impact of Computing. The course also covers enough ground to allow
students to sit for the MATLAB Associates Industry Recognized Credential (IRC). Development
of the course required a new set of technical learning outcomes to the e4usa course sequence: the
purple thread. Finally, the course requires students to use MATLAB in the solution of an
authentic, community-focused engineering problem.



The paper will describe the course, the applicability of the MATLAB Associates IRC and AP CS
Principles credit, tying the curriculum to specific state standards, and early results from a team of
pilot teachers.

Introduction

The growing demand for engineering professionals and calls for curricular reform in K-12 have
led to an increase in the demand for and the number of pre-engineering programs. However, the
integration of these programs into high school programs of study is not necessarily
straightforward, as states’ requirements and methods of implementation vary widely. Further
exacerbating this issue is a lack of engineering experience among teachers, administrators, and
legislators.

The National Academies launched a series of studies on integrating engineering into K-12 and
found, among other reasons, difficulty due to lack of engineering within state standards and
insufficient training for pre-service teachers [1-2]. Engineering involves open-ended, ill-defined
problems, usually with multiple solutions [3-5], which is decidedly different from most high
school curricula. In fact, introductory engineering courses and programs found at the university
level are not standardized and often inconsistent, [6]; this does not portend well to high school
programs.

The edusa program, funded by the National Science Foundation, is a program designed to make
engineering more democratized and demystified for all students (and teachers), not just those
destined to study engineering in college. This innovative program has successfully been
implemented in high schools throughout (and beyond) the United States [7-10].

Meanwhile, the demand for computer science in K-12 continues to grow as well. The AP®
Computer Science Principles course [11], similar to the e4usa program, was designed to be
accessible to students of all backgrounds, experience levels, and interests. Its overall framework
is to introduce students to Computational Thinking practices with a focus on the impacts of
computing and technology.

The edusa team recognized the importance of including programming as a tool to develop
engineering solutions and teamed with MathWorks to develop e4usa+Programming as a course.
This course equips students with essential 21st-century programming knowledge and skills.
Using MATLAB®, a powerful programming and computing platform utilized by millions of
engineers and academic institutions worldwide, students explore algorithmic thinking and
computational problem-solving through the lens of engineering design.



Literature

Addressing engineering challenges in the 21st century involves large datasets and complex
simulations, requiring computational thinking for engineers. Innovative solutions to these
problems require problem-solving, data analysis, modeling and simulation, and efficiency.
Computational Thinking (CT) provides a systematic approach to problem solving that can be
more efficient and effective than traditional problem-solving approaches. The core elements of
CT include Decomposition, Pattern Recognition, Abstraction, and Algorithm Design [12]. CT is
not limited to computer scientists or programming, but recognizing its relevance for engineers,
most college engineering education programs include computer application courses with a focus
on modeling and simulation [13-14]. Undergraduate engineering programs include courses such
as Computing Fundamentals at the University of Maryland, Computational Modeling of
Engineering Systems at Arizona State University, Computing for Engineers and Duke
University, and Introductory Programming for Engineers at Drexel University, to name a few.
These courses provide students opportunities to program in higher level languages such as C++
and Python as well as work with industry relevant applications such as MATLAB and Computer
Aided Design (CAD) software.

Although most undergraduate engineering programs include an introduction to programming or
computing course, prior programming experience has been found to impact undergraduate
student experience in an introductory level computer science course. Wilson and Shrock [15]
found that previous computing experience, specifically formal class experience, had a positive
influence on the course grade. Participants in the Diaz [16] study acknowledged that prior
programming experience provided an advantage over those who did not have any prior exposure
to computer programming. Some students questioned whether they were competent enough to be
an engineer. Additionally, students with prior experience who openly displayed their superior
knowledge exacerbated the anxiety felt by students who lacked a programming background.
Engineering education programs are already challenged with student persistence as 40% of first
year students do not make it through their first year [17]. Although not as high, a 2019 study
reported a 28% failure rate of students in Introduction Programming courses [18].

Recognizing the need for CT skills and the positive impact prior programming experience plays
in engineering education persistence, e4usa integrates CT and programming skills in its curricula
to equip high school students with the necessary skills to provide innovative solutions that
address challenges in our modern technological world.

Background e4usa Curriculum

The e4usa course is unlike most, if not all, existing high school engineering curricula. The intent
is not necessarily to produce more engineers or introduce specific engineering skills, but to
introduce creative challenges where engineering is required to develop a solution to a given
problem. The curriculum’s focus is on engineering-centric skills (e.g. teamwork,



interdisciplinary thinking, critical thinking) rather than specific, discipline-focused engineering
content. The course learning outcomes were initially developed through a series of workshops
engaging experts in K-12 engineering, beginning in December 2018 with over 100 attendees,
from universities, national research organizations, K-12, and other experts. The initial design was
framed around the First Year Engineering Classification Scheme [19], developed to classify all
content found in first-year, multidisciplinary Introduction to Engineering courses at the
university level, and El Sawi’s curricular development framework [20].

From here, the introductory course curriculum was developed around the following threads
(Table 1):



Table 1: Course Outcomes for each thread

Red Thread: Discover Engineering

Iterate and evolve the definition of what it means to engineer and be an engineer.
Recognize the value of engineering for all regardless of one's potential career.
Explain and apply ethical & societal considerations when exploring an engineering
problem.

Yellow Thread: Engineering in Society

Explore the impacts of past engineering successes and failures on society as a whole.
Recognize and investigate the world's greatest challenges and the role that engineering
plays in solving these challenges (e.g., Engineering Grand Challenges, UN sustainability
goals, etc.).

Integrate cross-disciplinary thinking and expertise to inform design solutions that add
value to society.

Identify and analyze issues when bringing a solution to scale.

Blue Thread: Engineering Professional Skills

Use various engineering communication methods.
Collaborate effectively in a team.
Develop, implement, and adapt a project management plan.

Green Thread: Engineering Design

Identify and describe a problem that can be solved with a potentially new product or
process.

Identify appropriate stakeholders and content experts and evaluate their input.

Plan and conduct research by gathering relevant and credible data, facts, and
information.

Acrticulate appropriate STEM practices and principles in the design

Evaluate solution alternatives and select a final design by considering assumptions,
tradeoffs, criteria, and constraints.

Create a prototype.

Create and implement a testing plan to evaluate the performance of design solutions.
Apply iteration to improve engineering designs.

Acrticulate and reflect on how an engineering design process could be applied to solving a
problem




Note that there is no significance to the colors of the threads, but they serve to distinguish and
categorize outcomes to the thread. Students progress through a project-based curriculum,
exploring ‘engineering’ as a problem-solving discipline, exploring their engineering identity, and
discovering the effect of ethics, society, and other constraints on engineering solutions. The
edusa program has students follow an engineering design process multiple times, solving
problems at personal, local, and more global levels, while interacting with stakeholders. The
curriculum stresses problem-solving, design thinking, creativity, innovation, and collaboration.

The course is meant to introduce engineering to everyone, not just students with an engineering
background or understanding, and certainly not only students who have prepared to enter
engineering. For example, the math prerequisite for the e4usa course is algebra 1. The course is
not intended to be a skills-based course: in fact, specific skills such as programming or CAD are
not required (but may be used if applicable) [9,10]

The edusa curriculum is housed on teachengineering.org [21], giving teachers a portal to access
the curriculum and submit feedback to the curriculum developers.

The curriculum is organized hierarchically with a Unit page for each of the eight units (including
two parallel paths through Unit 2 where the Engineering Design process is introduced, allowing
teachers to focus on a water filter or a wind energy project), with a Lesson page for each lesson
within a unit and Activity pages for each activity embedded within each lesson. Additional
teacher-facing content is available through links, including slide decks and student handouts.

As the curriculum has matured, it became clear that teachers had difficulty progressing through
eight units, including three distinct engineering designs. The original e4usa course has evolved
to a two-course sequence, allowing more time throughout each step of the engineering design
process. The course has been reconfigured into two courses, named e4usa+making and
edusa+design. An accelerated version of the course with older students who typically have more
communication and teamwork skills already developed remains in the e4usa Legacy course.

Each lesson contains Course Objectives (COs) and Student Learning Outcomes (SLOs), housed
under the Learning Outcomes heading in teachengineering. COs and SLOs are organized based
on four encompassing learning outcomes called threads: Engineering Professional Skills (Blue
thread), Connect with Engineering (Red thread), Engineering in Society (Yellow thread), and
Engineering Design (Green thread). COs and SLOs have been adjusted and changed overtime as
the edusa curriculum has developed, focusing on the key components of engineering in the high
school classroom. Currently, there are nineteen COs. Each of our 57 SLOs is assigned a CO, and
both SLOs and COs are used to guide teachers and students through the expectations and skills
of each unit and lesson.

With the COs and SLOs are rubrics that serve as assessments. Rubrics for each are available on
Teachengineering.org under the Assessments heading of each lesson. Teachers use the rubrics to



assess how each student performed on a SLO, measuring from the scores “Not Submitted” (0);
“Novice” (1); “Developing” (2); and “Proficient” (3). Each score is described to assist teachers
in the criteria of what score a student will receive based on their performance. Rubrics have also
been updated with more specific language and criteria based on teacher feedback.

Professional Learning

The e4usa program has a goal to demystify engineering, which applies to students and teachers.
Teachers in the program have ranged from those with prior engineering experience to music and
history teachers. A professional development framework onboards and supports new and existing
teachers with annual summer and winter training sessions and the establishment of communities
of practice. The professional development process is endorsed by the American Society of
Engineering Education. Endorsement ensures that e4usa’s professional learning is properly
designed to emphasize the aspects of engineering content, pedagogy, curriculum, and assessment
that edusa thinks is essential and documents that.

edusa provides hands-on, collaborative learning experiences that prepare teachers to successfully
support their students in using the e4usa curriculum, developing technical knowledge and skills,
and creatively solving realistic problems with their peers. All of e4usa’s professional learning
options ensure that teachers are well-prepared and supported throughout the program.

Teachers, Students, Impact

Since its inception in the 2019-2020 academic year, e4usa has seen over 7700 students and 100
teachers complete the program. Student projects have impacted the Nashville Zoo, communities
local to individual schools, and multiple systems within schools. Twenty-five colleges and
universities in 14 states and 2 countries award credit for students who complete the program
[22].

Computer Science and Programming in K-12

Demand for computing education in K-12 has experienced significant growth in the past few
decades with many governments across the world requiring the integration of computing courses.
In 1983, the National Commission on Excellence in Education, a group convened under
President Ronald Reagan’s White House recommended a computer science course be included as
part of high school graduation requirements [23]. In 2016, President Barack Obama’s Computer
Science (CS) For All Initiative recognized that other nations were making strides in CS
education while only a quarter of the schools in the United States offered programming and
coding. His CS for All initiative supported the development of teaching and learning materials,
professional development for educators, the Advanced Placement CS Principles framework, and
continued research on approaches and impacts [24] A 2019 literature review on introductory
programming from 2003 to 2017 found many initiatives were driven by government mandates to



teach programming; however, educator resources and training are still lacking [25]. Additionally,
research regarding effective computer education pedagogical approaches is still needed.

Programming in K-12 standards

Although only six states had adopted K-12 CS standards in 2017 after President Obama’s CS For
All initiative launch, 44 states, as of 2024 have CS standards. Additionally, the number of high
schools that have CS classes available has nearly doubled from 2017-2018 [26]. Although
standards may vary from state to state, many are informed by the CS Standards that were
developed by the Computer Science Teachers Association (CSTA). The CSTA standards, which
are currently being revised with a scheduled 2026 release, were developed from the CSTA K-12
CS Framework which provides grade level guidance from which the standards then detail
measurable student performance expectations. The Framework includes Core Concepts and
Practices as seen in Table 2 [27].

Table 2: Concepts and Practices of the Computer Science Framework for K-12

The Concepts and Practices of the Computer Science Framework for K-12

Core Concepts Core Practices

Fostering a Computing Culture for all
Computing Systems

Collaborating Around Computing

Networks and the Internet Recognizing and Defining Computational

Problems
Data and Analysis Developing and Using Abstractions
Algorithms and Programming Creating Computational Artifacts

Testing and Refining Computational Artifacts
Impacts of Computing

Communicating About Computing

Advanced Placement Computer Science Principles: The College Board, with the support of
the NSF, developed the Advanced Placement Computer Science Principles (AP CSP) course to
provide computing coursework that was considered more accessible and engaging to all students.
The course was designed with Computer Science For All in mind, recognizing the need for
technology innovations to reflect the innovative workforce that it supports. Part of the goal when
creating the course was to focus on computational thinking practices that would ensure students
would be active creators of technology instead of passive users of it [28]. The main concepts of



the course are called the Big Ideas. These Big Ideas and their subtopics [11], as seen in Table 3,
are similar to the CSTA Core Concepts and Practices.

Table 3: AP Computer Science Principles Big Ideas

AP Computer Science Principles Big Ideas

Creative Development

Data

Algorithms and Programming

Computer Systems and Networks

Impact of Computing

The course was launched in the fall of 2016, with 44,330 students taking the AP CSP exam in
2017. By 2024, 175,000 students had taken the exam [29,30]. These growing trends also support
the Computer Science for All initiative as prior research indicates a strong link between students
taking the AP Exam and majoring in STEM fields later in college [31]. A 2020 report also found
that AP CS Principles served as a STEM field entryway for first-generation students [32].

Industry Recognized Credentials in Career and Technical Education Programs

In addition to college preparation courses, career and technical education (CTE) programs also
recognize the importance of computing knowledge and skills. According to the National Center
for Education Statistics, CTE includes both high school level courses and postsecondary level
programs that focus on skills and knowledge that are required for a specific job or field of work
[33]. As the cost of higher education continues to escalate and students question the value of
college, CTE programs are responding by incorporating industry-recognized credentials (IRCs)
into their programs [34]. Benefits of an IRC for students may include increased employment
prospects as well as validation of real-world skills. Several states, including Virginia, Texas, and
Ohio, are incorporating IRCs in their CTE curriculum as a requirement for course credit or
program completion [35]. The Blueprint for Maryland’s Future [36] includes a requirement for
45% of students to receive at least one IRC by the end of 2030.

+Programming: Course Description and Outline

With a strong emphasis on programming in K-12, and its wide adoption in state educational
standards, the course e4usa+Programming was conceived. This course aims to align with
Computer Science learning standards developed by the Computer Science Teacher Association



(CSTA), which are widely adopted in career and technical education programs across the
country.

The +Programming course is designed to meet the requirements for the AP Computer Science
Principles (AP CSP) course. The five units of the course align with the five Big Ideas, its
subtopics, and skills. Using a reverse engineering approach, the course developers designed the
+Programming course using the AP CSP course requirements as its framework. This
intentionally ensured the curriculum aligned with the learning objectives for AP CSP and thus
the CSTA standards for Computer Science as well. When schools offer AP courses they must
obtain College Board approval for their curriculum. This is referred to as their AP Course Audit
process. Ensuring the units clearly aligned with the Big Ideas of AP CSP ensured that educators
would be able to use the +Programming course as the College Board approved curriculum for
AP CSP. Students complete a Create Performance Task in advance of the exam, allowing
students to have the time necessary to do real coding. A distinguishing feature of +Programming
compared to other College Board approved curricula for AP CSP is in this Creative Performance
Task (CPT) component of the course. The CPT is part of the AP exam and consists of an
extensive program and supporting material developed by the student. For students in
+Programming, they are required to collaborate with others and ensure their project contributes
to a solution for an engineering problem for an authentic client, ensuring that the coding is not
merely just an exercise. e4usa aims for students to see computer programming as one of many
tools that engineers use to solve additional types of engineering problems or to solve engineering
problems more effectively or more efficiently.

Additionally, the +Programming course includes material necessary for students to pass the
MathWorks Associates Exam. Access to the exam comes with access to a thorough set of
training modules posted by MathWorks. These materials may be accessed while the student
teams are solving their authentic engineering problem as needed or they may come after the
completion of the CPT as part of the AP CSP course requirements.

The +Programming course maintains the strategic focus of e4usa including the requirement of
only Algebra as a prerequisite, an appeal to all students, and an assumption that incoming
students have no prior programming experience. This course does have new, more technical
outcomes necessary to address both the AP Computer Science Principles and the MathWorks
Industry Recognized Credentials (Associate level).

Introducing: The Purple Thread

The +Programming course is being piloted in the 2024-2025 academic year at four schools: two
in Maryland, one in North Carolina and one in New Mexico. Two teachers have fairly extensive
programming experience, while one had almost no experience. All four teachers have taught the



edusa course for multiple years and have experience with leading teams in all phases of
engineering design. A total of 55 students are enrolled.

The +Programming course is structured by unit, largely following the structure of the AP
Computer Science Principles course:

Unit 1: Introduction to Computer Science and MATLAB

Students explore computing using MATLAB, and its use as in manipulating and
exploring data. MATLAB applications are explored. This unit introduces computer
science concepts and has students run some MATLAB livescripts, showing the power
and potential of developing programs. Students are also walked through the MATLAB
Onramp, introducing students to the operating environment and computer programming
basics.

Unit 2: Data

Students explore the structure and nature of data, including number systems commonly
used in computer science, and the use of MATLAB for data analysis. Students explore
data formats, storage of data, and manipulating and analyzing big data.

Unit 3: Algorithm and Programming

Students develop algorithms and implement algorithms with MATLAB. This unit has
almost all of the instruction on computer programming, taking students from a more
formal introduction of programming and MATLAB through development of programs.
This unit ends with demonstrations of mastery including the Create Performance Task
(CPT), especially applicable to students taking the course for AP credit and MATLAB
Industry Recognized Credentials, for students interested in sitting for the MATLAB
Associates Exam.

Unit 4: Computer Systems and Networks

Students explore networking basics, including the structure and operation of the Internet,
fault tolerance, and parallel and distributed computing.

Unit 5: Impacts of Computing

Computational thinking and problem-solving using computing are featured. Students also
explore the societal and ethical considerations of the use of computers and computing



more deeply. Collaborative computing, privacy and security, and historical examples are
featured.

The creation of a new course and its tie to the AP CS Principles course meant that additional
learning outcomes were needed. A new, color-coded thread was added (Table 4), based on the
Computational Thinking Practices listed in the AP CS Principles course:

Table 4: Purple Thread

Purple Thread: Engineering Connection

Demonstrate an understanding of computing systems

Write programs using the knowledge of and skills related to algorithms and
programming.

Demonstrate knowledge of and skills related to data analysis.

Report on the impacts of computing.

Demonstrate an understanding of the networks and the internet.

Effectively collaborate in computing.

Demonstrate understanding of the impacts of computing.

The course is in its pilot year, and the development of +Programming continues, largely
following the success of the original e4usa curriculum, with iterative curriculum development
incorporating teacher input [37].

Conclusion

The demand for engineering and computer programming in K-12 continues to grow, and
impediments to implementation remain in place, including lack of preparation for incoming
teachers and inconsistent approaches in state-level standards. e4usa courses have proven
successful in introducing engineering to high-school students nationwide, and professional
learning strategies have been successful in onboarding teachers regardless of their background.
The new +Programming course introduces programming using MATLAB. Students will use
MATLAB to develop programs that are part of an engineering solution to a problem, thus
understanding programming as a useful tool and developing an appreciation for authentic
programming.

AP® is a trademark registered by the College Board, which is not affiliated with, and does not endorse,
this program.
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