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• What does “Introduction to Engineering” 

mean?



Engineering Education
345 Goodwin Hall

 Home to all general engineering students

 Build competencies through a common 

curriculum 

 Discover and explore engineering 

disciplines 

 Enrich and grow engineering 

fundamentals 



 Strong analytical skills

 Practical ingenuity

 Creativity

 Communication

 Leadership

 Professional Ethics

 Dynamism, agility, 

resilience, flexibility

 Lifelong Learning



First Year Courses
ENGE 1215/1216 Foundations of Engineering

ENGL 1105/1106 First Year Writing

MATH 1225/1226 Calculus of a Single Variable

CHEM 1035/1045 General Chemistry & Lab

PHYS 2305 Foundations of Physics & Lab
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• What does “Engineering” mean?



Design

More than just math, science, or the application of 
technology



• To whom are we introducing 

“Engineering”?

• What does “Introduction to Engineering” 

mean?



Kids today…
“When I went to school, we did 200 problems 

and liked it.  If you couldn’t do it, you weren’t 

cut out for engineering.”



Engineering in K-12

What do engineers do?



ASQ study

Although 85 percent of students said their teachers 
deserve at least a B when it comes to knowledge 
about science topics (55 percent of students gave their 
teachers an A), 

63 percent of high school students said their teachers 
are not doing a good job of talking to them about 
engineering careers (C or lower), and 

42 percent of high school students said their teachers 
don’t ably demonstrate how science can be used in a 
career (C or lower).



National Academies

 Rising above the Gathering Storm

“Education in science, mathematics, and technology has become a 

focus of intense concern within the business and academic 

communities. The domestic and world economies depend more and 

more on science and engineering. But our primary and secondary 

schools do not seem able to produce enough students with the 

interest, motivation, knowledge, and skills they will need to compete 

and prosper in such a world.”



President’s Council of  Advisors on 

Science and Technology

 Prepare and Inspire: K-12 Education in Science, 

Technology Engineering and Math (STEM) for America’s 

Future

 “STEM education will determine whether the United States will 

remain a leader among nations and whether we will be able to 

solve immense challenges in such areas as energy, health, 

environmental protection, and national security.”

 “The most important factor in ensuring excellence is great STEM 

teachers, with both deep content knowledge in STEM subjects 

and mastery of the pedagogical skills required to teach these 

subjects well.”



Engineering in K-12 Education

1. There are multiple perspectives about the purpose and place of 

engineering in the K–12 classroom. These points of view lead to 

emphases on very different outcomes. 

2. There has not been a careful analysis of engineering education within 

a K–12 environment that looks at possible subject intersections.

3. There has been little if any serious consideration of the systemic 

changes in the U.S. education system that might be required to 

enhance K–12 engineering education.



Recommendations

• Standards for K-12 Engineering Education?
– “The committee concluded that, although it is theoretically possible to 

develop standards for K–12 engineering education, it would be 

extremely difficult to ensure their usefulness and effective 

implementation. This conclusion is supported by the following findings: 

(1) there is relatively limited experience with K–12 engineering education 

in U.S. elementary and secondary schools, (2) there is not at present a 

critical mass of teachers qualified to deliver engineering instruction, 

(3) evidence regarding the impact of standards-based educational 

reforms on student learning in other subjects, such as mathematics and 

science, is inconclusive, and (4) there are significant barriers to 

introducing stand-alone standards for an entirely new content area in a 

curriculum already burdened with learning goals in more established 

domains of study.”



email 1/31/12:

I work with a local, rural high school as mentor of their FIRST 
robotic team. I am appalled at how poorly prepared these kids 
seem to be by their school. There are a handful of exceptional 
learners who are learning quickly as they go along. The 
school has a weak physics program (they don't have 
textbooks for the course), so even students who are taking the 
course don't have the means to look up the way to calculate 
trajectories. Measuring parts with a ruler is a struggle for 
some of these kids. There is no CAD training taught here, so 
even though every participant can download Autodesk 
Inventor, there's not enough time to teach it, so I conducted a 
couple of drafting classes and gave them a bunch of paper 
and tools to use.

Am I expecting too much of these kids?



Educational Standards



Standards for Mathematical Content

K    1    2    3    4    5    6    7    8    9    10    11   12

Standards for Mathematical Practice 

Split by Grade Level   Split by Topic   

Structure of CCSS for Mathematics



MP1: Make sense of  problems and persevere in solving them.

MP2: Reason abstractly and quantitatively.

MP3: Construct viable arguments and critique the reasoning of  others.

MP4: Model with mathematics.

MP5: Use appropriate tools strategically.

MP6: Attend to precision.

MP7: Look for and make use of  structure.

MP8: Look for and express regularity in repeated reasoning.

Standards for Mathematical Practice 



Content Standards

“Prove the addition and subtraction formulas for sine, cosine, and 

tangent and use them to solve problems.”

“Explain why the sum or product of  two rational numbers is rational; 

that the sum of  a rational number and an irrational number is irrational; 

and that the product of  a nonzero rational number and an irrational 

number is irrational.” 

Standards for Mathematical Content 



Next Generation Science Standards



Next Generation Science Standards



Texas TEKS: Princ of Applied Engineering



• How can we make a systemic difference?



ONU’s Engineering Education Major

 Underlying Principles
 Completion in 4 years

 128 credit hours maximum to be consistent with other 
engineering majors at ONU

 ABET accredited as a General Engineering program
 Students capable of sitting for Fundamentals of Engineering 

(FE) Exam

 Accredited as an Education program through NCATE
 Achieve State of Ohio AYA Mathematics Teacher Certification 

requirements



Plan of  Study

 Engineering
 Core of first 2 years, 19 credits

 Intro, First-year cornerstone, Circuits, Statics, Dynamics, and 
Strength of Materials (or) Material Science

 Additional 4 course concentration

 Education
 41 credit hours (with field service, student teaching)

 Mathematics
 Core requirements for Math Education major

 3 courses outside of other Engineering disciplines

 New courses
 Engr Educ 1 & 2, Senior Capstone (interdisciplinary) 



www.onu.edu



Engineering: Areas of  Concentration

 Technical Elective (4) Tracks

 Robotics

 Computers

 Infrastructure (Civil)

 System Design

 General Engineering

 Other as defined by advisor



Education: Required service hours

Curriculum and Assessment 30 hours of field experience

*Integrated Mathematics 

Methods 
30 hours of field experience

*Educational Psychology 30 hours of field experience

*Literacy Through the 

Content Area 
30 hours of field experience

* Admission to Center for Teaching required



Current Status – is it working?

 David, Liz: Grad students (at VT)

 Tyler H, Graham, John:     H.S. teachers

 Tyler B, Zach, Heather:     Engineering positions



Why do students study engineering?

 Center for Advancement of Engineering Education 

(CAEE)

 Intrinsic (psychological) factors

 Intrinsic (behavioral) factors

 Social good

 Financial

 Influence of mentors

 Influence of parents 



• What does “Introduction to Engineering” 

mean?



Introduction to Engineering

Design

Math (Calc, etc.)

Physics

Engineering analysis

Programming/ 

coding

Teamwork

Communication

Global 

considerations

Societal aspects

Speaking

Writing

Visual

Ethics Entrepreneurship 
Growth mindset



• What does “Introduction to Engineering” 

include?

• What does “Introduction to Engineering” 

mean?



The First Year Engineering Course Classification Scheme



The First Year Engineering Course      

Classification Scheme

• A taxonomy that was developed to allow an instructor to 

describe his or her course using a common tool.



Motivation

 “Introduction to Engineering”

 Content varies among institutions

 Often, the objectives of the course depend on the 

instructor

Issues
 Accurately awarding credit for students who transfer 

 Community colleges offering introductory courses

 Assessment of course objectives



Methodology

1. Survey of syllabi available online

2. Catalyzing Collaborative Conversations 

(CCC) workshop, Frontiers in Education 

2012

 Defined preliminary schemes

3. Delphi study

 3 rounds

 22 participants





Scheme from 

online syllabi



Guiding questions for CCC workshop

 What are the objectives of the first-year engineering programs?

 Why isn’t there a common set of objectives for the first year engineering 
courses?

 What would we consider to be the best practices for first year 
engineering program? 
 For example, should we teach Matlab/Excel rather that introducing students to the 

disciplines?

 If students were so successful in High School, why is there so much 
emphasis on success? 
 What do we mean by success?

 Are there any of these objectives that are hard to assess? How might 
we assess them? 
 Is there anything that we think should be a best practice that isn’t because it is too 

difficult to assess?



Scheme 

from CCC 

workshop



Differences

 Professional Skills
 “Ethics” emerged when in group discussions; yet this 

didn’t appear on 2 or more online syllabi.

 Discussion on “communication” began to distinguish 
between written, verbal and visual communication.

 Engineering Skills
 More specific topics emerged in the group 

conversation

 Orientation to the Profession
 The difference between introducing specific disciplines 

as majors vs. long term pictures of disciplines within 
engineering began to blur



Delphi study: round 1

When answering the following questions, please answer them within the framework of Introduction to 
Engineering / First-Year Engineering course(s).  Do not consider other required courses within the first 
year.

For example, please do not consider math, science or general education courses.

There are no right or wrong answers, and no specific number of items you must include.  Please be as 
complete and descriptive as necessary to fully answer each question.

 What topics are included (please list) in first-year engineering courses at your institution?

 Are there topics that are not, but should be included in first-year engineering courses at 
your institution?  Please list:
 (please do not duplicate answers from the previous question)

 What are (please list) the expected student outcomes in first-year engineering courses at your 
institution?

 What other student outcomes should be included in first-year engineering courses?  Please list:
 (please do not duplicate answers from the previous question)



Classification Scheme

 Eight overarching categories 



Results – graphical (part 1 of  2)



Results – graphical (part 2 of  2)



“Table” view



How does it work?

 Topics are indexed under the eight main categories

 If  a topic is covered, then it is marked with an X 
(or 1). If  a topic is not covered, then the topic is not 
marked (receives a 0).

Math Skills Calculations Statistics Empirical Functions

Main Topic Sub-Topic
Specific-

Topic

Empirical Functions is designated by MATH.IX.A.1 

Four letter tag Roman Numeral Letter Number



Using the classification scheme



Where has it / should it been used?

 Program evaluation

 Comparative among instructors

 Comparative between instructor experience & 

syllabus

 Transfer credit evaluation



– Engineering in K-12?

• Misperceptions, State Standards

• Proposed solution?  Systemic changes within K-12

– B.S. Engineering Education

– Introduction to Engineering?

• First-Year Classification Scheme

– Taxonomy to examine a first-year program

– Comparative, transfer credit 

Which questions have been answered?



• Kenneth J. Reid

• kenreid@vt.edu

• http://kenreid.enge.vt.edu/

thank you

mailto:kenreid@vt.edu

