!

Copyright 2018 – AEEE. All rights reserved. 1

!

Table of Contents
Engineering: A National Imperative ..................................................................

3

Project Overview ...............................................................................................

4

Preceding the Project.........................................................................................

4

Advancing Excellence: Year 1 .............................................................................

6

Next Steps .........................................................................................................

12

References ........................................................................................................

13

Symposium Sponsors .......................................................................................

14

Appendices
A. Technical Elements of Engineering...........................................................

15

B. Foundational Elements of Engineering ....................................................

16

C. Progressions of Learning in Engineering Template ...................................

17

D. Equitable Engineering Education for High School Students ......................

18

E. Project Contributors and Project Leadership .............................................

20

F. Symposium Agenda .................................................................................

21

Copyright 2018 – AEEE. All rights reserved. 2

!

Engineering: A National Imperative
Our world is full of seemingly insurmountable challenges: poverty, food security, and climate change to name a few.
Historically, engineering has provided solutions to the world’s most daunting problems. Paramount among these challenges is
the need to prepare the next generation of global citizens to solve issues of the ensuing century. While the demands of our
world require creative, capable, and diverse problem solving, our children have limited opportunities to engage in engineering
as part of a typical educational environment.
Many school systems have turned to STEM education to answer this call. STEM has become a nationwide, educational “buzz
word,” as students experience robotics, science fairs, and coding with a renewed sense of excitement and engagement. While
these experiences are encouraging, they are often fringe practices, more likely to become the exception in education rather than
the standard. In many communities STEM education is a fun reprieve from “education (business) as usual,” but is not viewed as
a long-lasting educational transformation. Evidence also suggests that many programs are simply rebranding science,
technology, and/or mathematics programs with the badge of STEM education without adhering to transdisciplinary practices
championed by STEM education experts. This is not to say that all STEM education programs fall into this category. There are, in
fact, several high-quality STEM programs and frameworks throughout the country that remain committed to integrative, inquirydriven, and design/problem-based classroom experiences. The inherent broadness of a term such as “STEM,” however, allows
for the adoption of watered-down imitations. This dilution of STEM education from a national perspective prohibits its ability to
enact transformative change.
Engineering does not share many of the potential drawbacks of STEM education. For example, engineering is a defined
discipline with a millennium of development, practice, refinement, and post-secondary expertise. Engineering is naturally
integrative, calling upon scientific knowledge, mathematical truths, and technological capabilities to design solutions to
societal, economic, and environmental problems. Yet, engineering should not simply be adopted by existing P-12 educational
programs without careful and informed considerations. Engineering education is a novel, yet emerging trend in P-12 schools,
many of which lack validated common classroom practices, teacher training, and curriculum. The nature of design in
engineering enables educators to create approachable yet authentic contexts for student learning. Put simply, engineering is
uniquely positioned to support transdisciplinary learning experiences to foster rich connections and further knowledge and
skills of academic disciplines. If implemented with fidelity and resolution, engineering is poised to deliver on many of the
forgotten promises of STEM education.
This unacknowledged truth is detrimental to our regional, national, and global success and the promise of informed and
participating citizens. To solve the most difficult economic, environmental, and cultural challenges of the future, we must
advocate for all students to engage in engineering in order to meet these challenges. Such a formidable initiative results in
political and economic trials of its own: budget constraints, space in the current school schedule, and teacher professional
development all influence educational practice. Even with these obstacles, the last decade has seen the proliferation of
engineering in US elementary, middle, and high schools. Science education leaders have acknowledged and positioned
engineering as a vehicle for, and a complement to, science learning. The technology education community evolved with a name
change of its professional organization, the International Technology and Engineering Educators Association (ITEEA). The 2017
Phi Delta Kappa poll of the public’s attitudes toward schools reported that Americans overwhelmingly (82%) view technology
and engineering education as an important indicator of school quality.
Consequently, while current initiatives in P-12 engineering education are promising, a clear vision and roadmap elude
educators. Little is known about how children progress through engineering learning. Few curricula have explored and
investigated how an articulate P-12 engineering program may contribute the general literacy of our children. The Advancing
Excellence in P-12 Engineering Education represents a mandate—a call to action—to build a community with a shared focus,
vision, and research agenda to ensure that every child is given the opportunity to think, learn, and act like an engineer.

Copyright 2018 – AEEE. All rights reserved. 3

!

Project Overview
The Advancing Excellence in P-12 Engineering Education (AEEE) project is an ongoing research venture to promote
collaboration across the engineering and education community to first pursue a vision and direction for P-12 Engineering
Education; and second to develop a coherent and dynamic content framework for scaffolding the teaching and learning of
engineering at the secondary school level. These efforts will be accomplished through a series of action-oriented activities and
product developments as outlined in the AEEE timeline (Figure 1). The completion of the project activities will directly impact
the reformation of a high school engineering program of study at Baltimore County Public Schools (BCPS) and inform various
state departments of education (e.g., Indiana, New Jersey, Maryland) with program revisions.

!

Figure 1: AEEE Initiation Timeline

Preceding the Project
Engineering in Technology Education classrooms is nothing new. With the addition of Engineering to the International
Technology and Engineering Educators Association’s name in 2009, a logical question may be to determine what classroom and
preparatory practices have changed as a result of the profession’s name change. Many researchers both inside and outside of
the Technology and (now) Engineering Education field support the idea of focusing Technology Education content through the
lens of engineering.
•!
•!

•!
•!
•!
•!

Wicklein (2006) – “engineering design is better understood and valued than technology education” and provides a
“defined framework to organize curriculum”
Pinelli and Haynie (2010) - “it is imperative that engineering be included in the K-12, both as a discipline and as a
source of enrichment and context for teaching other subjects” and “there is no better place for this to occur than in
technology education”
Carr, Bennett, and Strobel (2012) – Call to action for P-12 Engineering Education
Samuels and Seymour (2015) – Need for engineering coursework (P-12)
Strimel, Grubbs, and Wells (2016) – Technology education has reached a tipping point regarding engineering
content, which may shift the field back to its roots of aligning with post-secondary engineering-related programs
Grubbs, Strimel, and Huffman (2018) – Engineering education, a clear content base for standards

Furthermore, ITEEA’s STEM Center for Teaching and LearningTM (CTL) flagship curriculum program Engineering byDesignTM
and consultation projects have focused heavily on the teaching of engineering concepts and practices in P-12 education. One
consultation project saw the creation of the Engineering Endorsement Responsibility Matrix (EERM). The EERM was used by
ITEEA’s STEM CTLTM to determine if a curriculum product contained the types of learning expected to adequately teach
“engineering” in the P-12 classroom. The confluence of events and research, in combination with the aging (yet in many ways
timeless) Standards for Technological Literacy and apparent lack of an established epistemological framework for the teaching
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and learning of engineering in P-12 education, launched the Advancing Excellence in P-12 Engineering Education (AEEE)
project.

Advancing Excellence: Year 1
Year One of the AEEE project consisted of a series of stakeholder webinars, a modified Delphi study, and the first actionoriented AEEE Symposium focused on establishing coherent progressions of learning in engineering. These activities acted as
the catalyst to establish a team of researchers, teachers, and administrators interested in the work.
1.1! Engineering Taxonomy Investigation
The first AEEE endeavor aimed to provide educators with the primary components of a viable engineering taxonometric
structure for use in secondary engineering programs. Specifically, the investigation sought to establish agreed upon 1) core
concepts and 2) sub-concepts for the development of progressions of learning to support the coherent study of engineering
within secondary classrooms. The investigation was conducted as a modified Delphi study, which included experts from the
technology education and engineering communities. The Delphi technique attempts to build a consensus of opinion by asking
experts a round of questions, developing more refined questions that are returned to the respondents, and so on. Accordingly,
the experts were asked to identify and then rate core concepts and corresponding sub-concepts for both technical and
fundamental elements of engineering through a total of three rounds, concluding in a final round consisting of multiple focus
groups for member checking and revising the results of the first three rounds:
Round 1: Concept discovery (identifying core concepts and sub-concepts)
Round 2: Concept prioritization
Round 3: Concept rating
Final: Focus Group (Conducted at the 1st AEEE Symposium)
The established taxonomic structure for secondary engineering programs is illustrated in Appendices A and B. The structure
was founded on the dimensions of engineering literacy and the synthesis of relevant literature (Carr, Bennett, and Strobel,
2012; Custer and Erekson, 2008; Merrill, et al., 2009; NAE, 2009; 2010; Sneider and Rosen, 2009; etc.) as well as the National
Academies’ Taxonomy of Engineering (National Academies of Sciences, Engineering, and Medicine, 2017), the Fundamentals of
Engineering Exams (National Council of Examiners for Engineering and Surveying, 2017), first-year engineering programs
(Strimel, et al., 2018), the Accreditation Board for Engineering and Technology disciplines of engineering, engineering
technology, and computing (Engineering Accreditation Commission, 2016), and the ITEEA Engineering Endorsement
Responsibility Matrix. The Delphi participants reviewed the taxonometric structure and identified and prioritized the core
concepts and sub-concepts for each content area to serve as the foundation for the knowledge dimension of engineering
literacy. As perceived by the participants, the importance of each concept was measured on a scale from 1 to 6, with the higher
number representing more important concepts.
Twenty-seven participants took part in the initial three rounds of the Delphi study. The participants’ backgrounds are
presented in Table 1 and include: secondary TEE teachers (19.44%), secondary mathematics teachers (5.56%), secondary
science teachers (5.56%), secondary administrators and TEE curriculum supervisors (11.11%); post-secondary TEE teacher
education faculty (22.22%), post-secondary engineering faculty (5.56%), post-secondary engineering administrators (5.56%);
and engineering degree-holders (11.11%). Table 2 presents the number of identified core concepts and sub-concepts for each
concept area following the third round of the Delphi.
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Table 1: Participant Experience
Professional Experience
Secondary Education
•! Engineering/Technology Teacher
•! Science Teacher
•! Mathematics Teacher
•! K-12 Administrator
•! Other
Post-Secondary Education
•! Engineering Faculty
•! Teacher Education Faculty
•! Science Faculty
•! Mathematics Faculty
•! Engineering Administrator
•! Teacher Education Administrator
•! Outreach Coordinator
•! Other
Professional
•! Engineering Technologist/Technician
•! Civil Engineer
•! Mechanical Engineer
•! Electrical/Computer Engineer
•! Biomedical Engineer
•! Industrial Engineer
•! Scientist
•! Mathematician
•! Other

Invited

Round 1

Round 2

Round 3

Final Round

26

9

13

15

21

23

18

14

12

17

22

5

5

4

17

Other
•! Professional Association Administration/Leadership
•! Outreach/Curriculum Specialist
•! Other (State Education Administrator, Graduate
Student)

15

2

6

5

13

Total Participants

40

22

24

26

32

Table 2: Summary of the Third-Round Results
Number of
core concepts

Number of
sub-concepts

Mechanical

7

43

Electrical

8

63

Civil

9

51

Chemical

10

53

Engineering Design

9

52

Material Processing

8

35

Qualitative Analysis

6

34

Ethics and Society

6

39

Elements
Technical

Fundamental

Content Areas
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1.1! Stakeholder Webinars
The AEEE leadership team conducted a series of stakeholder webinars in Summer of 2017 to inform additional individuals
and communities about the AEEE project. Each webinar described the vision and goals of the project and the topics specific to
the webinar participants. A preliminary webinar with interested participants was held on June 15, 2017. Apart from the Delphi
study participants, invitations were sent out to members of the technology and engineering education community (P-12 and
Higher Education), engineering education teaching, research, and outreach faculty (higher education), professional engineers
and leaders of related professional associations (ITEEA and ASEE) in order to expand the potential expertise that would
contribute to the project. Forty experts agreed to participate in the AEEE project, with 36 attending the first webinar. The webinar
agenda included project rationale, expected outcomes, anticipated timeline, process outline, and a detailed project event
calendar.
An advisory council webinar was held July 6, 2017, and consisted of individuals with leadership or administrative roles in
P-12, higher education, related associations, and government agencies. Council members were selected to provide valuable
input to the project leadership in project management, research methods, outreach, and collaboration (see Appendix E).
1.2! 1st AEEE Symposium
The 1st AEEE Symposium provided a platform to complete two crucial project goals; (1) stakeholder and expert revisions of
the Taxonometric Structure for Secondary Engineering Programs and (2) establish writing teams and preliminary drafts of the
Progressions of Learning in Engineering. To accomplish these goals, the symposium brought together 40 experts from the
education, engineering education, technology education, and engineering communities. Experts were invited based on
participation in the preceding Delphi study and recommendations from various stakeholders with an interest in the project
(e.g., ASEE, ITEEA, state departments of education, universities). Participants were asked to find local funding to attend the
symposium but were given the opportunity to apply for travel reimbursement where local funding was not available. All meals
for the event were paid for through project sponsorship.
The symposium’s format followed a modified focus group research design and included guest speakers and workshop
sessions. As described by Krueger and Casey (2015), a focus group research design gives consideration to a) participant
selection, b) the environment, c) the moderator, and d) analysis and reporting. Participant selection ensured demographic
variety in three primary ways. First was diversity of gender; of the 40 participants, 19 were female and 21 were male. The second
primary demographic was career experience (teacher, engineer, post-secondary). A majority of the participants were active high
school teachers (6) or had previous experience as a classroom teacher (15). Nineteen participants had an engineering
undergraduate degree with 11 having industry experience. Fifteen participants currently hold positions at post-secondary
institutions, including colleges/schools of engineering, technology, and education. Many participants crossed several of these
demographics. The third characteristic of interest was regional location. As the AEEE project will impact a regionally located
school system, participants were sought with a local investment or national expertise. Twenty-four participants resided within a
day’s driving distance of the local school system of focus.
1.2.1! AEEE Symposium Environment
The environment of the focus group symposium can be described by the physical location as well as the time given for each
task. The focus group work took place at the Engineer’s Club in Baltimore, MD. This location had rooms for breakout sessions
and a shared presentation room. The agenda included work sessions and guest speakers. In addition to the participants, a
number of speakers were invited to share their expertise in diversity, industry needs, and state departments of education. The
speakers were used to provide project context and act as provocateurs to further discussion within each focus group. Workshop
sessions included the refinement of previously developed work, focused discussions, and authoring of new materials. The focus
groups were moderated by team leads and project co-directors. The results of this work are presented as formatted tables and
figures within this document and on the project website.
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1.2.2! 1st AEEE Symposium – Day 1
On Day One of the symposium, the
participants were briefed on the project
overview, goals, and accomplishments to date.
Guest speakers from two state departments of
education described their agency’s approach to
engineering education and a need for further
establishment of a coherent framework for
student learning. During the workshop session,
participants were given the opportunity to
provide feedback on a literature review
presenting two of the three Dimensions of
Engineering Literacy (Figure 2).
Engineering Skills were defined as skills
students should practice and master to become
Engineering Literate. Engineering Habits of
Mind were described as traits or ways of
thinking that affect how a student looks at the
world or reacts to a challenge. Each
Engineering Habit of Mind and Engineering
Skill was posted on an 18”x24” poster board
displayed around the room. Participants
completed a “gallery walk’” to provide feedback
using sticky notes and the following
guidelines:
•!
•!
•!
•!

Figure 2: Dimensions of Engineering Literacy

Pluses (+) – What do you like about the Skill/Habit? What are the positives of including it for high school students?
Potentials (and) – What other good things might happen by including the Skill/Habit? What might it lead to?
Concerns (-) – What are the limitations/misconceptions/dangers of including the Skill/Habit?
Outcomes (O) – Ideas that maximize the Pluses and Potentials and mitigate/overcome the concerns.

The feedback was recorded for later usage and poster boards remained viewable for the entirety of the symposium. The intent
of this activity on the first day of the symposium was to review a synthesis of research completed to this point about what and how
engineering should be taught at the P-12 level. Furthermore, the activity helps establish a need to investigate the engineering
knowledge dimension that, up to this point, has seen only preliminary developmental efforts.
1.2.3! 1st Symposium - Days 2 and 3
Days Two and Three of the symposium saw a review and refinement of concepts and sub-concepts within the Fundamental
and Technical Elements of the Taxonometric Structure for Secondary Engineering Programs as generated through the Delphi study
(Figure 3 provides the established taxonometric structure).
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Figure 3: Taxonometric Structure for Engineering Knowledge

Efforts were made to inform participants as to how their revisions and decisions would impact educators’ ability to foster an
equitable engineering classroom. The insights, provided by experts Claudia Morrell, Alisha Sparks, and Christine Newman, were
presented to all symposium participants. The topics covered included; a) factors that impact education external to the classroom,
b) systemic privilege and/or personal challenges and opportunities, and c) interruption and intentionality for an equitable
learning environment. The participants were given access to a short guideline sheet to help them in their review and refinement
of the concepts and sub-concepts (see Appendix D).
Participants were organized into four focus groups, one for each Fundamental Content Area: Quantitative Analysis,
Engineering Design, Ethics and Society, and Materials Processing, and then each Technical Content Area: Mechanical, Electrical,
Chemical, Civil. Each focus group was comprised of both high school teachers and engineers/engineering educators.
Participants were asked to revise the core and sub-concepts for each content area as a group based on the following guiding
questions:
1.! Is this a fundamental/technical core concept or sub-concept of engineering? Justify through narrative.
2.! Is this core concept or sub-concept appropriate for high school learners? Justify through narrative.
3.! How is this core concept or sub-concept connected to one or more Engineering Skill(s) and/or Engineering Habit(s) of
Mind?
On Day Two, participants were given two and a half hours to complete the task for the Fundamental Elements. On Day
Three, participants were given two and a half hours to complete the task for the Technical Elements. There were two major pieces
of foundational work produced as part of the focus group discussions and work sessions. The first was revised versions of the
Fundamental and Technical elements of engineering knowledge (see Appendices A and B) and the second, a draft progression
of learning in engineering (PLiE; see Appendix C). After refining the taxonometric structure, the groups were asked to complete
one draft progression of learning in engineering for each core concept (Figure 4). A learning progression, defined by Popham
(2018) as, “a sequenced set of subskills or bodies of enabling knowledge that, it is thought, students must master en route to
mastering a more remote target curriculum aim” (p. 24), is necessary for the planning and assessment of learning engineering
concepts. With progressions of learning, educators can better understand how students develop and demonstrate knowledge
and skills for a certain subject, enabling the teaching and learning process to function properly. Learning progressions are
typically presented as, “visual and conceptual maps that explain how students might move from simpler to more sophisticated
understanding within a subject area” (p.3). Thus, learning progressions enable teachers to not only to analyze and respond to
students’ learning needs but also to align their instruction with new standards.
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Core Concept

PLiE(s)

Figure 4: PLiE Development

Magana (2017) described five characteristics of learning progression frameworks that provided guidance for the creation of
a framework for engineering education. A Progression of Learning in Engineering (PLiE) template was developed based on
consultation with a variety of engineering education experts, including teachers, professors, and industrial practitioners. The
PLiE framework, along with the revised taxonomy for secondary engineering, were employed by the symposium participants to
draft progressions of learning for secondary engineering that progress across different depths of student understanding, from
basic to advanced, in relationship to the habits of mind and skills dimensions of engineering literacy. Figure 5 presents an
example PLiE for mechanics of materials for the mechanical content area.

Figure 5: Example of Progressions of Learning in Engineering
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1.3! Revisions and Validation
A series of three focus group studies has been proposed to validate the content organization and PLiEs. The first proposed
focus group session (P-12 stakeholders) was held at a preconference workshop prior to the 2018 International Technology and
Engineering Educators Association (ITEEA) Conference in Atlanta, GA. Participants included the AEEE leadership team, content
leads, and external expertise attending the 2018 ITEEA Conference. The following focus group questions were used to prompt
discussion; (1) Does the framework for the study of secondary engineering align with the goals of STEM education? (2) Are the
concepts and sub-concepts appropriate for secondary learners?
The focus group feedback resulted in a refinement of the content organization and Progressions of Learning in
Engineering, offering depth in the cross-cutting concepts. Additionally, the revisions resulted in a more flexible technical
organization, providing opportunities to arrange concepts based upon specific regional contexts and workforce needs in which a
school is located. Modifications included the following:
•
•

Removal of the Technical Content Area headings. These headings included career-focused fields including civil,
mechanical, chemical, and electrical engineering.
Duplicate concepts were identified and removed, consolidating the taxonomy and progressions of learning.

Table 3 illustrates an example of an earlier draft of the taxonomy. Both Technical descriptive classifications are shown
(mechanical and civil). Additionally, concepts relating to the field of statics (i.e., force systems, equilibrium, inertia) are repetitive
in both fields.
Table 3: Previous Taxonomy Mechanical and Civil Technical Content Area Labels and Duplicate Topics
Mechanical
Engineering Sciences for Mechanical Engineering

Civil
Engineering Sciences for Civil Engineering

•!

Force Systems

•!

Force Systems

•!

Equilibrium

•!

Equilibrium

•!

Inertia

•!

Inertia

•!

Friction

•!

Friction

•!

Centroids and Moments

•!

Centroids and Moments

Table 4 includes a revised version of the taxonomy. Removing the technical field classifications and creating a combined
core concept, in this case the field of engineering statics, allows more flexibility in development of the progressions of learning.
Table 4: Core Concepts without Technical Content Area
Statics
•!

Resultants of Force Systems

•!

Equivalent Force Systems

•!

Equilibrium of Rigid Bodies

•!

Frames and Trusses

•!

Centroid of Area

•!

Area Moments of Inertia

Copyright 2018 – AEEE. All rights reserved. 11

!

Next Steps
A series of design-based implementation research activities has been planned to refine the developed materials and
inform communities. The following research questions will be investigated through the AEEE research collaborative:
•! What engineering core concepts, skills, and habits of mind are required for a learner to become engineering literate?
•! How may a conceptual framework for the study of engineering inform the creation of P-12 Engineering Education
standards?
•! How do children in formal and informal educational settings come to understand (or misunderstand) core concepts
and apply (or misapply) skills in engineering?
•! What are the most effective ways of introducing and sequencing engineering concepts, skills, and ways of thinking for
learners at the high school level?
•! What are the most important synergies in the learning and teaching of engineering along with mathematics, science,
technology, and other subjects?
•! What are the most important considerations in designing materials, programs, assessments, and educator
professional development that engage all learners, including those historically underrepresented in engineering?
The completion of the project activities will directly impact the formation of a high school engineering program of study at
Baltimore County Public Schools (BCPS) and inform various state departments of education (e.g., Indiana, New Jersey,
Maryland) with program revisions. Pilot testing will take place in the beginning of Fall 2018 and will impact 300 students in the
first year. The program will then be rolled out to nearly 20,000 students throughout BCPS, the 25th largest school system in the
United States.
Review and revisions of the developed materials are essential to widespread adoption and support from key stakeholders.
Public review of the Taxonometric Structure for Secondary Engineering Programs and Progressions of Learning in Engineering
(PLiE) have been scheduled as part of the 2018 ASEE (Accepted; Technical Paper Presentation, June) national conference.
Further focus group efforts are planned at colleges and technical engineering societies to solicit expert technical review and
feedback.
The 2nd AEEE Symposium (May 29-31, 2018) focused on Equity through Engineering Curriculum and Pedagogy. At the
symposium, participants heard from national leaders in engineering education, industry, and curriculum development to serve
as provocateurs as they work in focus groups to review and refine the PLiEs and recommend socially relevant and culturally
situated instructional vignettes and activities. The work will serve as a basis for further thought and action to address the paucity
and rigor of engineering education at the P-12 level.
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Technical Core and Sub-Concepts
Statics
•!Resultants of force systems
•!Equivalent force systems
•!Equilibrium of rigid bodies
•!Frames and trusses
•!Centroid of area
•!Area moments of inertia
Dynamics
•!Kinematics (e.g., particles and rigid
bodies)
•!Mass moments of inertia
•!Force acceleration (e.g., particles and
rigid bodies)
•!Impulse momentum (e.g., particles
and rigid bodies)
•!Work, energy, and power (e.g.,
particles and rigid bodies)
Mechanics of Materials
•!Stress Types and Transformations
•!Material Characteristics, Properties,
and Composition (e.g., Heat Treating)
•!Stress-Strain Analysis
•!Material Deformations
•!Material Equations
•!Phase Diagrams
•!Mohr's Circle
•!Young’s Modulus
Fluid Mechanics
•!Fluid Properties
•!Pumps, Turbines, and Compressors
•!Lift, Drag, and Fluid Resistance
•!Fluid Statics and Motion (Bernoulli’s
Equation)
•!Pneumatics and Hydraulics
Mechanical Design
•!Manufacturing Processes
•!Machine Elements (e.g., springs,
pressure vessels, beams, piping, cams
and gears)
•!Machine Control

Circuit Theory
•!Series and Parallel Circuits
•!Ohm’s Laws
•!Kirchhoff’s Laws
•!Resistance, Capacitance, and
Inductance
•!Wave forms
•!Signals
•!Current, Voltage, Charge,
Energy, Power, and Work
Electrical Power
•!Motors and Generators
•!AC and DC
•!Electrical Materials
•!Electromagnetics
•!Voltage Regulation
•!Transmission and Distribution
•!Magnetism
Electronics
•!Instrumentation
•!Components
•!Integrated Circuits
•!Closed and Open Loop and
Feedback (systems – system
response)
Communication Technologies
•!Digital Communications
•!Telecommunications
•!Photonics
•!Networks
Computer Architecture
•!Computer Hardware
•!Computer Software
•!Processors and Microprocessors
•!Interfacing
•!Memory

Thermodynamics
•!Thermodynamic Properties, Laws, and
Processes
•!Equilibrium
•!Gas Properties
•!Power Cycles and Efficiency
•!Heat Exchangers
Mass Transfer and Separation
•!Molecular Diffusions
•!Separation Systems
•!Equilibrium State Methods
•!Humidification and Drying
•!Continuous Contact Methods
•!Convective Mass Transfer
Chemical Applications
•!Applications of Inorganic Chemistry
•!Applications of Organic Chemistry
•!Chemical, Electrical, Mechanical, and
Physical Properties (including potential
hazards)
•!Material Types and Compatibilities
•!Corrosion
•!Membrane Science
Chemical Reactions and Catalysts
•!Reaction Rate, Rate Constant, and Order
•!Conversion, Yield, and Selectivity
•!Chemical Equilibrium
•!Fuels
Process Design
•!Process Controls and Systems
•!Process Flow, Piping, and
Instrumentation Diagrams
•!Recycle and Bypass Processes
•!Industrial Chemical Operations

Structural Analysis
•!Physical Properties of Building Materials
•!Deflection
•!Deformations
•!Column and Beam Analysis
•!Implementation of Design Codes
Hydrologic Systems
•!Hydrology
•!Water Distribution and Collection
Systems
•!Watershed Analysis
•!Open Channel
•!Closed Conduits (Pressurized)
•!Pumping Stations
•!Laboratory and Field Tests
Infrastructure
•!Street, Highway, and Intersection Design
•!Transportation Planning and Control
(safety, capacity, flow)
•!Traffic Design
•!Pavement Design
Geotechnics
•!Laboratory and Field tests
•!Erosion Control
•!Geological Properties and Classifications
•!Soil Characteristics
•!Bearing Capacity
•!Drainage Systems
•!Foundations and Retaining Walls
•!Slope Stability
Environmental Considerations
•!Ground and Surface Water Quality
•!Wastewater Management
•!Environmental Impact Regulations and
Tests

Copyright 2018 – AEEE. All rights reserved. 15

Appendix B
TAXONOMY OF CONCEPTS FOR SECONDARY ENGINEERING (Fundamental)
!!
Fundamental Core and Sub Concepts
Engineering Design
Problem Framing
•!Identifying Design Parameters
•!Problem Statement Development
•!Considering Alternatives
Research
•!Information Gathering
•!Data Collection and Organization
Methods
•!Information Quality Assessment
Ideation
•!Spatial Visualization (e.g.,
sketching)
•!Divergent Thinking (e.g.,
brainstorming)
•!Convergent Thinking (e.g.,
functional decomposition)
Prototyping
•!Testing and Modification (digital
and physical)
•!Material Selection
•!Manufacturing Processes
•!Computer Aided Design and
Manufacturing
Decision Making
•!Evidence/Data-Driven Decisions
•!Application of STEM Principles
•!Balancing Tradeoffs
•!Using Decision Making Tools
•!Group Decision Making
Project Management
•!Initiating and Planning
•!Scope, Time, and Cost Management
•!Risk, Quality, Teams, and
Procurement
•!Product Life Cycle Management
Design Methodologies
•!Iterative Cycles
•!User Centered Design
•!Systems Design
•!Troubleshooting
•!Reverse Engineering
Engineering Graphics
•!Engineering Drawings
•!Dimensioning and Tolerances
•!2D Computer Aided Design
•!3D Parametric Modeling

Material Processing
Measurement and Precision
•!Measurement Instrumentation
•!Accurate Layout and Precision
Measurement
•!Units and Significant Figures
Manufacturing
•!Design for Manufacture
•!Additive Manufacturing
•!Subtractive Manufacturing
Fabrication
•!Tool Selection
•!Product Assembly
•!Hand Tools
•!Equipment and Machines
•!Quality and Reliability
Material Classification
•!Metals and Alloys
•!Composites
•!Polymers
•!Ceramics
Joining
•!Fastening
•!Soldering
•!Adhesion
•!Welding
•!Brazing
Forming
•!Forging
•!Extruding
•!Rolling
Machining
•!Drilling
•!Cutting
•!Milling
•!Turning
•!Grinding
•!Reaming
Finishing
•!Grinding
•!Polishing
•!Burnishing
General Safety
•!Laboratory Guidelines
•!Machine Safety
•!Attire and Equipment

Quantitative Analysis
Computational Thinking
•!Programming and Algorithms
•!Programming Languages
•!Software Design, Implementation, and Testing
Computational Tools
•!Spreadsheet Computations (e.g., Microsoft Excel)
•!Scripting Languages (e.g., MATLAB, LabView)
•!Data Visualization
Data Collection, Analysis, and Communication
•!Techniques of Data Collection
•!Data-Driven Decisions
•!Creating Graphs and Technical Documents
•!Reporting Data
•!Estimation
System Analytics
•!Inputs and Outputs
•!Feedback Loops
•!Optimization
Modeling and Simulation
•!Physical Models
•!Computational Simulations
•!Mathematical Models
•!Failure Analysis and Destructive Testing
•!Design Validation through Calculations
Engineering Algebra
•!Recognizing, Selecting, and Applying Appropriate
Algebraic Concepts and Practices
•!Manipulation of Algebraic Equations
•!Curve Fitting
•!Linear Algebra
•!2D and 3D Coordinate Systems
Engineering Geometry
•!Recognizing, Selecting, and Applying Appropriate
Geometric Concepts and Practices
•!Manipulation of Geometric Equations
•!Application of Trigonometry
•!Vector Analysis
Engineering Statistics and Probability
•!Recognizing, Selecting, and Applying Appropriate
Probability and Statistical Concepts and Practices
•!Applications of Basic Statistics
•!Probability
•!Regression
•!Inferential Statistics and Tests of Significance

Ethics and Society
Professional Ethics
•!Morals, Values, and the Ethics
Continuum
•!Code of Ethics
•!Legal vs. Ethical Considerations
Professional Practice
•!Public Health, Safety, and Welfare
•!Responsible Conduct of Research
•!Workplace Culture
•!Ethical Business Operations
•!Agreements and Contracts
•!Public Policy and Regulation
•!Professional Liability
Honoring Intellectual Property
•!Patents, Copyright, and Licensure
•!Referencing Sources
•!Intellectual and Physical Property
Impacts of Technology
•!Environmental Impacts
•!Global Impacts
•!Social Impacts
•!Cultural Impacts
•!Economic Impacts
•!Individual Impacts
•!Political Impacts
Role of Society in Technological
Development
•!Addressing Societal Needs and Desires
•!Design for Sustainability
•!Technology Design in Culture
•!Scaling of Technology
•!Appropriate Technology
•!Inclusion and Accessibility
•!Public Participation in Decision Making
Careers in Engineering
•!Professional Licensing
•!Recognition of Engineering-Related
Careers
•!Trade Organizations
•!Entrepreneurship

Engineering Calculus
•!Derivatives
•!Integrals
•!Differential Equations
•!Vectors (dot product and cross product)
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Appendix C
Progressions of Learning in Engineering (PLiE) Template
!

A.! Content Area Indication Bar Highlighted tile indicates the PLiE’s
Content Area. Fundamental content
areas are designated as blue. Technical
content areas are designated as red.
B.! Core Concept Indication Bar –
Highlighted tile indicates the PLiE’s
Core Concept focus.
C.! Core Concept Overview
D.! Columns for Sub-Concepts
E.! Introductory Performance Task –
Expected level of Core Concept
understand for students entering high
school.
F.! Basic Level (1) - Denoting partial
mastery of prerequisite knowledge and
skills that are fundamental for
proficient work.
G.! Proficient Level (2) - Representing
solid academic performance.
H.! Advanced Level (3) - Demonstrating
competency over challenging subject
matter, including subject-matter
knowledge, application of such knowledge to real-world situations, and analytical skills appropriate to the subject matter.
I.! Core Concept Mastery Performance Task – Indicator of mastery understanding by applying core concept knowledge through engineering
skillsets and habits of mind.
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Appendix D
Equitable Engineering Education for High School Students !
The guide sheet and accompanying presentation was developed by Claudia Morrell with input from Alisha Sparks and
Christine Newman to be used by AEEE participants at the first annual High School Engineering Education Symposium.

Factors that impact education external to the classroom:
•!
•!
•!
•!
•!
•!
•!
•!

resources
parents
wealth
language
counselors
teacher training
school systems
systems of gender and race/ethnicity (international community impact)

!!!!!!!!
!
!
Negative impact

Positive impact
!
Systemic Privilege and/or Personal Challenges and Opportunities

!
Vulnerable

Resilient (Grit)

!
!
!
!
!
!
!
!
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!
Equitable Learning Environment (Interruption and Intentionality)
Need to know yourself and your students first (mouse before building the mousetrap). Need to lean in.
•!

Inclusion
o! Micro-messages

Verbal
!! Non-verbal
!! Context (space and resources)
!! Paraverbal (how you say things)
!! Omission
!! Praise and polish
o! Gender, Race, Ethnicity, national origin, (dis)ability? Other?
!! Space that feels inclusive (plantation)
!! Childcare
!! Language
•! Normalizing
o! Teaming - connections beyond demographics
o! Spatial comfort for student identity
o! Student knowledge/background (cars, green spaces, spatial reasoning,
programming, Harvey Mudd College - novice versus the experienced)
•! Empowering
o! Self
!! Social Emotional Growth
!! Build trust
!! Calling on all students - research on “student question asking” related to
diversity
!! Cooperation contracts that students set up and self-monitor, “lift each other
up.”
o! Community
!! Culturally relevant
!! Service learning - Engineering Design Challenge
!! Business/Industry and Nonprofit organizations
!!

-

-

How do I get to know my students as quickly as possible?
•! What are their likes/dislikes?
•! What are their hopes/dreams/fears?
•! What are the strengths/weaknesses?
•! What do they care about?
•! What are their triggers?
Once I know my students, how do I apply that knowledge to my work?
How do I deepen my understanding of my students (and myself) throughout the year?
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Appendix E
Project Contributors and Leadership
!
Project Contributor
Ruth Akers
Ali Anderson
Steve Barbato
Scott Bartholomew, Ph.D.
Taryn Melkus Bayles, Ph.D.
Ellen Browne
Chris Buckler
Jennifer Buelin, Ph.D.
Anita S. Deck, Ed.D.
Shane Evans
Nolan Fahrer
Wade Goodridge, Ph.D.
Scott Greenhalgh, Ph.D.
Jamie Gurganus
Michael Hacker, Ph.D.
Douglas Handy
Eunhye Kim
George Krause
Liesl Krause
Claudia Morrell
Christine Newman
Scott Nichols
Robert Oehrli
Ralph C. Olson
Carolyn Parker, Ph.D.
Liz Parry
Greg Pearson
Edward M. Reeve, Ph.D.
Kenneth Reid, Ph.D.
Mary Rinehart
Amy Sabarre
Susheela Shanta
Cary Sneider, Ph.D.
Alisha Sparks
Kevin Sutton, Ph.D.
Angel Waldrop
Emily Yoshikawa

Project Leadership
Michael E. Grubbs, Ph.D.
Tanner Huffman, Ph.D.
Greg J. Strimel, Ph.D.

Title/Location
CTE Resource Teacher – Baltimore County, MD
Curricular Outreach Program Coordinator in the Freshmen Engineering Program – West Virginia University
Executive Director/CEO of the International Technology and Engineering Educators Association
Assistant Professor of Engineering/Technology Teacher Education – Purdue University
Professor, Teaching Track of Chemical Engineering – University of Pittsburgh
Texas Instruments National Instructor – Pomfret School, Pomfret, CT
Department Chair of PLTW Engineering and Carpentry — Owings Mills High School, Baltimore County, MD
Director – ITEEA STEM Center for Teaching and Learning
Director of Innovation, Assessment, and Research — ITEEA STEM Center for Teaching and Learning
President of NJTEEA; Technology Teacher — Freehold Regional High School, NJ
Doctoral Student and Teaching Assistant Professor of Tech, Engineering, and Design Education — North Carolina State University
Assistant Professor in Engineering Education – Utah State University
Associate Professor and Program Coordinator for Technology and Engineering Education – University of Northern Iowa
Adjunct Faculty & Associate Director of Engineering Education – University of Maryland, Baltimore County
Co-Director of the Center for STEM Research – Hofstra University, NY
Coordinator of the Office of Career and Technology Education – Baltimore County, MD
Ph.D. Student and Graduate Assistant – Technology Leadership and Innovation, Purdue University
Westinghouse/Northrop Grumman Corporation; Manufacturing Strategic Operations Director
Ph.D. Student at Weldon School of Biomedical Engineering – Purdue University
Senior Consultant for Global and US-Based Organizations
Assistant Dean of Engineering Educational Outreach — Johns Hopkins University
Technology Education Supervisor – Maryland State Department of Education
Engineering/Technology Education Teacher — Catonsville High School, Baltimore County, MD
Technology Education Teacher — Sollers Point Technical High School, Baltimore County, MD
Director of the Master of Arts in Teaching Program – American University
Engineer, Engineering Educator, and Consultant with Engineering is Elementary and iSTEM
Scholar - National Academy of Engineering — Washington, DC
Professor and Teacher Educator of Technology and Engineering Education – Utah State University
Assistant Department Head for Undergraduate Programs in Engineering Education – Virginia Tech
Engineering and Technology Specialist – Indiana Department of Education
Director of K-12 Education — Harrisonburg City Public Schools, Harrisonburg, VA
Director of Engineering Program – Governor’s STEM Academy, Roanoke County, VA
Associate Research Professor – Portland State University, Portland, OR
Elementary School STEM Program Manager – Center for Educational Outreach, Johns Hopkins University
Lecturer – Technology, Engineering, and Design Education, NC State University
High School Teacher — Eastern Technical High School, Baltimore County, MD
Graduate Student – Engineering and Technology Teacher Education, Purdue University

Title/Location
Supervisor for Technology Education, and Manufacturing, Engineering, and Technology Programs – Baltimore County, MD
Assistant Professor, Department of Integrative STEM Education, School of Engineering – The College of New Jersey
Assistant Professor of Engineering/Technology Teacher Education – Purdue University
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Appendix F
Symposium Agenda
!

The 1st Advancing Excellence in
P-12 Engineering Education Symposium
!

Progressions of Learning in Engineering for Secondary Schools
Date(s):
Location:
Address:
Location POC:

Agenda
Wednesday August, 16 , 2017 to Friday August, 18th, 2017
Engineers Club
11 W Mt Vernon Pl, Baltimore, MD 21201
Michael Grubbs, Greg Strimel, Tanner Huffman
th

List of participants: see sign-in sheet
Project Overview
There has been considerable change in education, specifically in response to STEM education and the recent
focus of engineering for the NGSS. Over the years, Technology Education has gone through reform, as well.
Subsequently, the goal of this symposium Advancing Excellence in P-12 Engineering Education is to afford
selected leaders, concerned about technology education, and engineering at the K-12 level, to present their
views on future directions for the field. We, and our sponsors, hope that this work will serve as a basis for further
thought and practice as the concerns of these educators are given consideration.
By the end of this symposium, the following outcomes will have been met.
•! Share proposal and desired Outcomes
•! Discuss multi-year scope
•! Solicit feedback for Dimensions of Engineering Literacy
•! Conceptual development of learning progressions
•! Establish conceptual framework of P-12 Engineering Education
!

!
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!

Wednesday

4:00 PM to 9:00 PM
Topic
Arrival, Registration,
Networking + Bar Service

Person Responsible

Time Frame

All

4:00 PM – 5:00 PM

Michael Grubbs, Tanner Huffman, Greg Strimel
Project Coordinators

5:00 PM – 5:30 PM

Dinner + Bar Service (until
6:00 PM)

Sponsored by: Technical Foundation of America

5:30 PM – 6:30 PM

Discussion: Engineering
Education at the State Level

Invited Presenters
•! Scott Nichols, Specialist Career & Technology Education,

6:30 PM – 7:15 PM

•! Greetings &
Introductions
•! Proposal & Desired
Outcomes

Maryland State Department of Education
•! Mary Rinehart, Engineering & Technology Specialist,
Indiana Department of Education

!

Introduce All Dimensions of
Engineering Literacy & Solicit
Feedback on 2 & 3

Leads: Tanner Huffman, Greg Strimel, Michael Grubbs
All: Gallery Walk

7:15 PM – 8:30 PM

Initial Discussion of
Subcommittees

All

8:30 PM – 9:00 PM

Leadership Team Regroup

Tanner Huffman, Greg Strimel, Michael Grubbs

9:00 PM – 10:00
PM

!
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!

Thursday

8:00 AM – 5:00 PM
Topic

Person Responsible

Time Frame

Breakfast and Subcommittee
Collaborative Session

Sponsored by: Technical Foundation of America

7:00 AM – 8:00
AM

Revisit Overall Mission

Tanner Huffman, Greg Strimel, Michael Grubbs

8:00 AM – 8:30
AM

Discussion: Status of
Technology and Engineering
Education at the National
Level

Invited Presenters
•! Steve Barbato, Executive Director/CEO for the

8:30 AM – 9:30
AM

International Technology and Engineering Educators
Association (ITEEA)
•! Ed Reeve, Interim Vice Provost Utah State University
(USU)

Subcommittee Collaboration:
Fundamental Elements
•! Taxonomy

All

9:30 AM – 12:00
PM

Lunch

Sponsored by: Goodheart-Wilcox
Josh Berk

12:00 PM – 1:00
PM

Subcommittee Collaboration:
Fundamental Elements
•! Taxonomy

All

1:00 PM – 3:00
PM

Report Out

All

3:00 PM – 3:30
PM

Industry Perspective

Invited Presenters
•! George Krause, Northrop Grumman Corporation

3:30 PM - 4:00 PM

Subcommittee Collaboration:
Technical Elements
•! Taxonomy

All

4:00 PM – 5:00
PM

Review/Revise
•! Learning
Progressions Drafts

Review/Revise
•! Learning
Progressions Drafts

Review/Revise
•! Learning
Progressions Drafts
Break
Dinner + Bar Service

5:00 PM – 6:00
PM
Sponsored by: Texas Instruments

6:00 PM – 8:00
PM
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!

!

Friday
8:00 AM – 12:00 PM
Topic

Person Responsible

Time Frame

Breakfast

Sponsored by: Technical Foundation of America

7:00 AM – 8:00
AM

Discussion: Addressing
Engineering Pathways for
All

Invited Presenters
•! Claudia Morrell, Consultant for the Baltimore County

8:00 AM – 9:00
AM

Public Schools
•! Taryn Bayles, University of Pittsburgh
•! Carolyn Parker, American University
•! Alisha Sparks, Johns Hopkins Educational Outreach
Center

Subcommittee
Collaboration: Technical
Elements
•! Taxonomy

All
(Gallery Walk)

9:00 AM – 11:00
AM

Lunch

Sponsored by Robomatter

11:00 AM – 11:30
AM

Next Steps
•! Committee Plans

Michael Grubbs, Greg Strimel, Tanner Huffman

11:30 AM – 12:00
PM

Review/Revise
•! Learning
Progressions
Drafts

•! Webinars
•! Pre-conference
ITEEA 2018
•! Report
Adjourn/Advisory Meeting

12:00 PM – 1:00
PM
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