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 What is INSPIRE? 

 Context of P-12 Engineering 

 Conceptualizing P-12 Engineering 

 Examples of research, 

engagement and resources 

 
 

Discussion Points 



INSPIRE 

 Conducts basic and applied 

multidisciplinary research focused 

on four main areas: 

 Teacher professional development 

 Assessment 

 Student Learning 

 Informal Learning 

 Components of work encompasses 

outreach with teachers, schools 

and school districts and 

partnerships with educational 

constituents. 

 Has impacted 600+ teachers and 

17,000+ students 

 



Vision & Mission  

 OUR VISION 

 To create an engineering literate society through 

preeminence in P-12 engineering education, 

research, and scholarship. 

 OUR MISSION 

 To study engineering thought and learning at the  

P-12 level and to inspire diverse students to pursue 

engineering and science of the benefit of humanity 

and the advancement of society. 



55 members including undergraduate researchers 



Global Calls to Action 

“Business as usual” will 

not get us there 

“Education as usual” will not 

get us there 



P-12 Engineering - Context: Core 

Competencies/Science Standards/NAEP 

 Framework for New 

Science Education 

Standards, 2010-2011 

 Explicitly including 

engineering 

 National Assessment of 

Educational Progress 

(NAEP) 
 US K-12 students will be assessed on 

Technology and Engineering 2014 (two 

grade levels) 

 

 

http://www.corestandards.org/in-the-states 



Engineering in K-12  - Trends and Issues 

Engineering in K-12 Education:  

Understanding the Status and 

Improving the Prospects, 2009 

Standards for K-12 

Engineering Education?, 

2010 

- No standalone standards 

- Integration 

- A follow-up study on integration  

Changing the Conversation 

- Public Messages on  

Engineering 



STEM in P-12 in the US 

 Early 

Girls and underrepresented minorities “loose 
interest”/disengage as early as 2nd / 3rd grade 

 Integrated 

Not another silo. Why actually teach math and science 
as separate units in elementary? 

 Social Good 

Consistently in P-16, “positive” reasons for leaving 
Engineering or STEM fields are to pursue social good 



Engineering in P-12 

 Early Engineering 

Building a technologically literate society (engineering by all and for all), 
happens before higher education and outside of higher-education trained 
engineers 

 

 Pre-Engineering 

Preparing students for college and workplace engineering (career paths 
and pipeline) 

 

 Engineering of Educational Systems 

Education as a system that can benefit from an engineering perspective 



Desperate research needed 

 What does it take to educate in-service teacher to 
integrate engineering? (diffusion, expertise) 

 What models of integration work better under 
which conditions? 

 Learning progressions of students (i.e. what is the 
ceiling of what a second grader can know about 
design, optimization, trade-off) 

 How to reconcile the the stereotypes of engineering, 
the traditional practice of engineering and new 
emergent models of engineering 



States by Type of Engineering 

12 

Carr, R., Bennett, L. & Strobel, J. (2012). Engineering in the K-12 STEM Standards of the 50 U.S. States: An Analysis of Presence and Extent. 

Journal of Engineering Education, 101, 3, 539–564. 



States by Content Area 
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Big Ideas Conveyed in Standards 

14 



Example from Standards 

Science Common Core  

Core and Component Ideas in 

Engineering, Technology, and 

Applications of Science Core Idea  

ETS1: Engineering Design 

ETS1.A: Defining and Delimiting an 

Engineering Problem 

ETS1.B: Developing Possible Solutions 

ETS1.C: Optimizing the Design Solution 

Core Idea ETS2: Links among 

Engineering, Technology, Science, and 

Society 

ETS2.A: Interdependence of Science, 

Engineering, and Technology 

ETS2.B: Influence of Engineering, 

Technology and Science on Society and 

the Natural World 

K-8 Indiana Science Standards  

Science, Engineering, and Technology  

 
1.4 Determine properties of natural and man- made 

materials and their most important uses. 

2.4 Describe how technologies have been developed 

to meet human needs. 

3.4 Define a real world problem and list criteria for a 

successful solution. 

4.4 Design a moving system and measure its motion. 

5.4 Design a prototype that replaces a function of the 

human body part. 

6.4 Apply a form of energy to design and construct a 

simple mechanical device. 

7.4 Design and construct a device that converts 

energy from one form to another to perform work. 

8.4 Identify the appropriate materials to be used to 

solve a problem based on their specific properties 

and characteristics. 



National Standards 

  Review of three major publications for 

investigating STM standards core concepts 
 

 Standards for Technological Literacy (ITEEA, 2007)  

 National Science Education Standards (NRC, 1996)  

 Principles and Standards for School Mathematics 

(NCTM, 2000) 

Prof. Senay Purzer 



 
Science 

Mathematics 
Technology 

Human-Made 

World 
 

Natural  

World 

 

- Environment 

 

- Processes  

- Models 

- Systems 

- Society 

 

- Change &  

Patterns  

 

Symbols 

 

- Tools 

 



Results 

Process Modeling Systems Societal 

Impact 

Science Inquiry Scientific 

Models 

Natural systems Knowledge 

Technology Design Technological 

Models 

Manufac. 

systems 

Tools 

Mathematics Problem-

solving 

Mathematical 

Models 

Measurement 

systems 

Analysis 

Iterative Communication Order & 

Organization 

STM Link 

 The STM commonalities 



Parents & Caregivers’ Roles in Education 
 (Yun et al. 2010) 

 Motivate children to learn particular topics 

 And pursue certain fields of study, careers 

 Promote attitudes towards different topics 

 Promote interest in science; fear of mathematics, etc. 

 Stimulate student achievement 

 Providing tutoring, help, encouragement, etc. to do well in 
school 

 Thinking guides 

 Can help children learn to think like a scientist or like an 
engineer 

 By promoting inquiry & design skills 

Prof. Monica Cardella 



What do parents do to help their 

children learn about engineering? 



QUALITY CYBER-ENABLED, ENGINEERING 

EDUCATION PROFESSIONAL DEVELOPMENT TO 

SUPPORT TEACHER CHANGE AND STUDENT 

ACHIEVEMENT (E2PD) –YEAR 1 DATA 

 
 

PI: Dr. Heidi Diefes-Dux; Co-PIs:  Dr. Sean Brophy, Dr. Monica 
Cardella, and Dr. Johannes Strobel 



Student Knowledge Tests – All items 

 Grade 2: no significant effects 

 

 Grade 3: significant effects of treatment group 

 

 Grade 4: significant effects of treatment group  

 Interaction effect of Title 1 status 

 



 

Student Knowledge Tests  - Post knowledge scores for 

the treatment and control groups for each grade level 

on all items 



Engineering Identity Scale (EIDS) 

 The EIDS consists of four subscales  

 Pre to post differences for the EIDS score for each 

subscale 

 Significant results at all grades on EIDS in treatment 

group 

 No significant pre to post differences on any subscale 

for the control group students.  

Developed by Brenda Capobianco, Purdue  



Post EIDS Scores for Treatment and 

Control Groups by Grade 

 



Example – Pre DAET Triangulation 



Example – Post DAET Triangulation 



Expertise development - Model 
Sun, Y. & Strobel, J. (2012) 



Adoption - Model 



Curricula: Model-Eliciting Activities 

 Realistic open-ended problems with a client 

 Require team of problem solvers 

 Product is the process for solving the problem 

 End product is a mathematical model for client to use 

 MEA Principles 

Model creation 

Realistic 

Self-assessment 

Documentation 

Shareable & Reusable 

Effective prototype 

Prof. Heidi Diefes-Dux 



Go to User 
Model satisfies the goal 

 

Who is the intended user? 

What does the intended user 

need? 

What could be some  

  solutions? 

Brainstorm ideas. 

Choose the best one. 

Express the  

working model. 

Test the working model. 

Revise the  

Working model  

to make it  

even better. 

Test it out! 

 

Create 

Improve 

Plan 

Imagine 

Test 

Ask 

Model Design Process 

Heidi Diefes-Dux, Purdue University 



MEA Name Grade Level Create a Procedure/Process for… 

Concrete 2-3 selecting the best concrete. 

Recycle 2-3 sorting items into two recycle bins 

Pete’s Ice Cream 2-3/4-5 ranking ice cream companies 

Sticker 2-4 
how to arrange the most stickers on a sheet of paper 

for cutting 

Toothpaste 2-4/5-8 ordering the toothpaste recipes from best to worst 

Parachute 3-4 
ordering the materials to make a parachute out of from 

best to worst 

Windmill 3-5 selecting the best manufacturer 

Water Filters 3-5 ordering the water filters from best to worst 

Potato Chip 3-5 ranking shipping companies 

Boiler Up 3-6 making a football team schedule 

Awesome School 3-6 picking a company to make school lunches 

Green Roof 9-10 (Physical Science) choosing property to buy based on “green” features 

Electric Toothbrush 10-12 (Physics) ordering batteries for electronic toothbrushes 

A Variety of MEAs 



Community Building/Resources:  

INSPIRE Assessment Center 

https://engineering.purdue.edu/Inspire_center 

Prof. Senay Purzer 





Questions? 

 

 

Johannes Strobel, Ph.D. 

Director, INSPIRE 

jstrobel@purdue.edu 


