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Work in Progress: Employing Applied Creativity and the 

Engineering Design Process in the Development of K-12 STE(A)M 

Curriculum 

 

Introduction 
It is understood that the success of the United States’ (US) economy as well as the nation’s 

ability to address issues critical to human survival are strongly dependent on having a workforce 

that is Science, Technology, Engineering and Mathematics (STEM) literate.1-10 A Carnegie 

Corporation commission reports, “Knowledge and skills from science, technology, engineering 

and mathematics – the so-called STEM fields – are crucial to virtually every endeavor of 

individual and community life. All young Americans should be educated to be ‘STEM-capable,’ 

no matter where they live, what educational path they pursue, or which field they choose to 

work.”10 This understanding paired with shocking data regarding the lagging achievement of US 

students in STEM, resulted in a major overhaul of educational science standards that ultimately 

led to the development of the Next Generation Science Standards (NGSS).11 The NGSS include 

engineering and technology as learning goals and focus on the impact that engineering can have 

on humans.11-13 However, many K-12 teachers do not have a good understanding of engineering 

practices, applications or careers.4, 14 Furthermore, most undergraduate teacher education 

programs do not include engineering concepts or engineering design practices in their 

curriculum.14-16 As such, teachers need to have access to high quality STEM curriculum that is 

aligned with the academic content standards or to professional development opportunities that 

will enhance their capacity and self-efficacy in engineering if they are to be successful in 

implementing the NGSS.  
 

Professional development in STEM is available to teachers through a variety of engineering and 

educational professional organizations such as ASM, American Society of Engineering 

Education (ASEE), and through various National Science Foundation sponsored programs.17-20 
One such program is the National Science Foundation’s Research Experience for Teacher (NSF-

RET) program.21 This program seeks to provide authentic engineering research experiences for 

teachers in university laboratories and to help these teachers, “translate their research 

experiences and new knowledge gained in university settings into their classroom activities.”21 

This is typically done through the development of curriculum that is eventually shared with other 

educators often on the TeachEngineering website.22, 23  
  

Professional and Curriculum Development through an NSF-RET Program 
In 2014, three universities received a collaborative NSF-RET grant to provide materials and 

manufacturing engineering related research opportunities to twelve, K-12 teachers and six pre-

service teachers each summer. The six-week program began with a week-long materials boot 

camp facilitated in conjunction with the ASM Educational Foundation. During the remaining 

five weeks, the RET participants did research in the lab at their host university and engaged in 

curriculum development, industry tours or other professional development activities. Among 

these professional development opportunities included a “Changing the Conversation” activity to 

provide the RET participants with ideas on how to attract a more diverse group of students to the 



  
 

field of engineering.24, 25 Since one of the main objectives of this program was to facilitate the 

transfer of the engineering research activities into the teacher participants’ classrooms, a 

significant component of the experience was curriculum development. Similar to that described 

by Billiar, et al, the Engineering Design Process (EDP) was used to develop the curriculum. This 

allowed the teachers to have an experiential learning experience in EDP and also demonstrated 

how the EDP could be applied to solve problems in a variety of contexts.26 It is important to note 

that with a pilot program of 18 teachers this work has an impact on approximately 2250 students.  
 

A critically important step of the EDP is ideation. True innovation requires robust idea 

generation which is a highly creative endeavor, but can also be challenging.27-30 Challenges with 

ideation have been observed in both engineers and teachers through past NSF-RET programs as 

they tried to employ the EDP for curriculum generation.27, 30 In an effort to address this 

challenge, a structured ideation session was added to the curriculum development process and 

piloted with the teachers. This three hour session was facilitated through the University of 

Dayton’s (UD) Institute of Applied Creativity for Transformation (IACT) ACTlab. The goal of 

this experience was to provide an imaginative gateway for creative exploration where the 

teachers could seek out new and inventive ways to problem-solve and disrupt challenges and 

overcome obstacles within their classrooms and in their greater institutions. The ACTlab had 

been successfully implemented for humanity centered design project ideation sessions for 

transdisciplinary groups of students at the UD.31,32 The primary focus of the ACTlab session for 

the NSF-RET participants was to build a culture of teamwork and creativity, to place the teachers 

outside of their comfort zone and to put them in the mindset of their students as learners.  
 

The IACT seeks to empower participants to confidently develop the imaginative and creative 

skills necessary for innovation. Central to ACT curriculum and pedagogy is the use of practices 

and processes employed across the spectrum of creative identities. In the ACTlab, participants 

are guided through a three step process defined as IDA to experience how the IACT outcomes of 

critical perspective, creative confidence and innovative application apply to their specific 

discipline or expertise.  The first step of this process, Ideation, introduces the development of 

critical perspective focusing on what is and what can be in their field of study and the world they 

live to broaden it in creative, analytical and innovative ways. Participants negotiate and collect 

the various content and the 4Dimensional data, that is, sight, space, sound and emotion being 

presented. Secondly, participants are challenged by the ambiguity or what they do not know 

about the content presented, specifically the how’s, whys, what’s, and who’s of said content; and 

then the final step in ideation is the tension or how they feel and what emotional and physical 

obstacles they might encounter with the ambiguity of the content.  The second step of the process 

is Disruption which uses the participant’s critical perspective to develop the creative confidence 

to see the broad and diverse set of solutions in front of them and make leaps be, trust their 

intuition, and chase solutions that they haven’t totally figured out yet. Participants seek ways to 

disturb, make more conscious, and awaken other ‘avenues’ for ideas and solutions.  This process 

which includes a combination of empathy and collaboration wherein value-driven learning and 

shared experiences provide pivot in participants thinking resulting in the diversity of compassion 

as an idea.  The final step of the process is the A-Ha where participants begin the fearless 

practice of seeing the world in complex ways and experimenting with improbable materials in 

seeking imaginative and innovative solutions for multiple professional outcomes. In this step, the 



  
 

participants generate new sets of knowledge and identify what they can transform from the 

original content for a result that is an unexpected outcome in their challenge or original ideas.   
 

In the context of the curriculum development, the ACTlab facilitated for the NSF-RET teacher 

participants was used to provide the teachers with the opportunity to critically reflect on their 

ideas of what is and what could be done in their classrooms and in the curriculum they were to 

develop. As part of this process, the teachers were asked to identify their perspectives on a 

variety of topics such as: My classroom is structured or fluid; Silence in my class is good or not 

good; The most effective and valuable learning happens in or out of the classroom. Additionally, 

as part of this process the teachers participated in a challenge sharing exercise. In this exercise 

the teachers identified three challenges in small groups, identified how their perspectives could 

be used to navigate these challenges, and then passed their challenges to another team. This team 

then identified the most important challenge from the list and then passed that challenge to yet 

another team. The purpose of this exercise was to allow the teachers to experience the tension of 

letting go of their own challenge in order to reframe their perspective towards another challenge. 

This also created the emotional obstacle needed for authentic disruption and for fostering 

empathy in the space.  
 

The next step was the Disruption process which provided the teachers with a radical design 

exercise to address the challenge they inherited from another team. Each team was given a Bag 

of Improbable Materials (BIM) and asked to create a prototype of a solution to that challenge. 

Each team then had to share their prototype with the larger group. Through this experience, the 

teachers were required to make use of their creativity to figure out how to convey an idea with 

the items in the BIM while also taking into account any their teammates experience and 

perspective. As such the teachers started to fuse their expertise with their growing critical 

perspective to develop their creative confidence and to open their eyes to a more diverse set of 

solutions. The radical design exercise was then followed by a “Speed Dating” exercise where the 

teachers generated nine value cards by responding to prompts and sharing this with others. In this 

exercise, the teachers were asked to respond to a prompt, discuss it with their partner and then 

rotate through the line to address a new prompt with a new partner. Examples of these prompts 

are: I believe __ is most important to my students; I want my students to understand that __ is 

most important when solving a tough problem; I want my students to feel empowered to change 

the world through __. The final exercise in the disruption process was the “Drill Down.” In this 

exercise, the teams were required to revisit the prototype that was created by one of the other 

teams for the challenge that they authored. The teachers used the value cards they generated in 

the speed dating exercise, bundled these value cards by similar ideas, and selected the best 

elements of each one. Ultimately, these were used to develop a set of actionable steps that could 

aide in thinking deeper and more authentically about the challenge. The goal of this exercise was 

for the teams to reexamine their original challenge through the lens of their group’s values.  
 

Finally, in the A-Ha process, the teachers were asked to reflect on the actionable steps and 

reframed challenge. The teachers then had to create a new prototype that built upon the prototype 

that was created by one of the other teams for the reframed challenge. During this process the 

teachers were tasked with thinking about the reframed challenge and the influence that their 

values as well as the prototype created by another team had on shaping this reframed challenge. 



  
 

Overall the experience was used to create curriculum development teams and to ideate possible 

lesson topics and engineering problems to incorporate into their curriculum. 
 

Impact of the ACTlab on the Curriculum Development 
As part of the external evaluation process for the NSF-RET program, the teachers were required 

to respond to a weekly evaluation regarding specific programming that occurred that week as 

well as their overall experience. Through this evaluation, the teachers reported engaging in 

activities in the ACTlab, such as the ‘Speed Dating’ and ‘Bag of Improbable Materials’ which 

they would use in their classrooms. One teacher commented: 
 

“There are so many parts to the lesson plan that are crucial to make sure that the STEM 

education the students are receiving is a good one. It's not nearly as simple as, 'Hey students, try 

to build this new contraption,' and that's the end of it. The students need to know why they are 

solving the problem, they need to be able to research steps, brainstorm, create prototypes, build 

those prototypes, test them, revise them, and present them. The lesson has to allow for students to 

do all of those things, while also tying the project into standards that they need to learn for your 

specific class. There needs to be assessments that go along with the project. It cannot just be that 

the project met the requirements so a student gets an A. There should be rubrics and analysis 

questions along the way that they are answering. They need to be able to explain or present ...” 
 

After the ACTlab, the curriculum coaches found that the groups trusted each other and observed 

that when curriculum ideas were being discussed that the teachers were more inclined to say 

“yes, and…” instead of saying “Yes, but…” The teams quickly built upon the ideas of others 

within their groups. As a result of this process, by the end of the six week NSF-RET process the 

teachers developed creative engineering design process oriented lessons and activities that were 

balanced with content depth at the appropriate level. These pilot ready lessons included: 1) 

Elementary lesson on heat, light, color, as measurement and decimal operations framed in 

creating the coolest doghouse using a variety of materials; 2) High school (HS) chemistry, social 

studies, and art lesson on creating composite materials to build better slum houses in developing 

nations using the natural materials; 3) HS algebra and physical science lesson on optimizing 

material compositions to build a case for cell phone packaging that can resist breaking when 

dropped; 4) HS lesson on using various foods that can generate electricity using the operations of 

a battery during a power outage and 5) Middle school lesson on how heat changes the atomic 

structure of materials by building a lighter lift for a wheelchair.  
 

Summary 
The EDP process was used to develop curriculum as part of an NSF-RET program. In an effort 

to address the challenges associated with the idea generation step of the EDP process, a 

structured ideation session through UD’s I-ACT was added to the curriculum development 

process and piloted with the teachers. The teachers were guided through a three step process that 

included Ideation, Disruption and A-Ha. Feedback from the evaluations suggest that the teachers 

found this to be a valuable experience. The curriculum coaches observed that the teachers 

appeared to demonstrate a willingness to share ideas and to be more open to “crazy” ideas. The 

teachers were able to develop five, highly creative curriculum that are currently being piloted 

and edited and will be submitted to TeachEngineering for review and publication. 



  
 

 

Acknowledgements 
This material is based upon work supported in part by the National Science Foundation under 

Grant Numbers EEC-1405923, 1405869, 1405950. Any opinions, findings, and conclusions or 

recommendations expressed in this material are those of the author(s) and do not necessarily 

reflect the views of the National Science Foundation.  
 

Bibliography  
1. J. Popkin and K. Kobe (2010), Manufacturing Resurgence, A Must for US Prosperity, National Association of 

Manufacturers and NAM Council of Manufacturing Associates, January, 2010. 
2. National Association of Manufacturers. www.nam.org/Issues/Official-Policy-Positions/Human-Resources-

Policy/HRP-01-Education-and-the-Workforce.aspx, accessed Sept 15, 2014. 
3. Freeman, A., Hrabowski, F. (2012) Broadening Participation in the American STEM Workforce, BioScience, 

62(4):325-326. 
4. Frantz, T., Siller, T., DeMiranda, M (2011), Pre-Collegiate Factors Influencing the Self-Efficacy of Engineering 

Students, Journal of Engineering Education, 100 (3), 604–623. 
5. Dubetz, T., Wilson, J., (2013). Girls in Engineering, Mathematics and Science, GEMS: A science outreach 

program for Middle-School Female Students, Journal of STEM Education, 14 (3), 41-47. 
6. National Academy of Sciences (2007). Rising Above the Gathering Storm: Energizing and Employing America 

for a Brighter Economic Future, National Academy of Sciences, National Academy of Engineering, Institute of 

Medicine, National Academies Press, available at   www.nap.edu/catalog/11463/rising-above-the-gathering-storm-

energizing-and-employing-america-for, accessed December 21, 2015.  
7. Chandler, J., Fontenot, A., Tate, D., (2011). Problems Associated with a Lack of Cohesive Policy in K-12 

Precollege Engineering, Journal of Pre-College Engineering Education Research (J-PEER), 1:5. 
8. Jack, H. (2004), Increasing Manufacturing Engineering Enrolment Through K 12 Outreach Paper presented at 

2004 Annual Conference, Salt Lake City, Utah.   
9. Workforce Imperative: A Manufacturing Education Strategy. (2010) Society of Manufacturing Engineers, 

available at www. sme.org/Workforceimperative, accessed Sept. 15, 2014. 
10. The Opportunity Equation: Transforming Mathematics and Science Education for the Global Economy, 

available at www.opportunityequation.org accessed Jan 15, 2017. 
11. Next Generation Science Standards, available at www.nextgenscience.org accessed on Jan. 15, 2017. 
12. Bell, P., Shouse, A., Peterman, T (2014). Next Generation Science Standards: What’s different, and do they 

matter?, Available at www.STEMteachingtools.org/brief/14 accessed on Jan. 15, 2017. 
13. Duschl, R., Bybee, R.. (2014). Planning and Carrying Out Investigations: An Entry to Learning and to Teacher 

Professional Development around NGSS and Engineering Practices. International Journal of STEM Education, 1:12, 

doi 10.1186/s40594-014-0012-6.  
14. National Academy of Engineering. (1998). Harris Poll Reveals Public Perceptions of Engineering. 
15. National Science Foundation (2008). The Future of Materials Science and Materials Engineering Education A 

report from the Workshop on Materials Science and Materials Engineering Education sponsored by the National 

Science Foundation September 18-19, 2008 in Arlington, VA Accessed at www.nsf.gov/mps/dmr/mse_081709.pdf. 
16. Nadelson, L., Moll, A., Seifert, A.(2011). Living in a Materials World: Materials Science Engineering 

Professional Development for K-12 Educators, 2011 American Society of Engineering Education Annual 

Conference and Exposition. 
17. National Science Foundation (2017). www.nationalsciencefoundation.gov accessed on Jan. 15, 2017. 
18. ASM (2017). www.asminternational.org/about/foundation/teachers/teacher-camps, accessed on Jan. 15, 2017. 
19. National Education Association (2017). STEM Resources Science, Technology, Engineering & Mathematics 

Resources for preK-12. Available at www.nea.org/tools/lessons/stem-resources accessed on Jan. 15, 2017.  
20. American Society of Engineering Education (2017). Available at www.asee.org/conferences-and-

events/outreach/egfi-program/k12-teacher-professional-development accessed on Dec. 10, 2016. 
21. National Science Foundation Research Experience for Teachers (2016). Available at 

www.nsf.gov/pubs/2015/nsf15536/nsf15536.pdf accessed on Dec. 15, 2016. 
22. TeachEngineering (2017). Available at www.teachengineering.org accessed on Nov. 10, 2016. 



  
 

23. Klein-Gardner, S., Johnston, M., Benson, L. (2012). Impact of RET Teacher-Developed Curriculum Units n 

Classroom Experiences for Techers and Students. Journal of Pre-College Engineering Education Research (J-

PEER): 2:2, Article 4. doi/10.5703/1288284314868.  
24. Committee on Public Understanding of Engineering Messages, National Academy of Engineering (2008). 

Changing the Conversation: Messages for Improving Public Understanding of Engineering, National Academies 

Press, ISBN978-0-309-11934-4. 
25. National Academy of Engineering, (2013). Changing the Conversation, Messaging for Engineering: From 

Research to Action, available at   www.engineeringmessages.org, accessed Dec 21, 2015. 
26. Billiar, K., Hubelbank, J., Olivia, T., Camesano, T. (2014). Teaching STEM by Design. Advances in 

Engineering Education, 4:1. 
27. Cropley, D. (2016). Creativity in Engineering, Multidisciplinary Contrigutions to the Science of Creative 

Thinking, Creativity in the Twenty First Century, G. Corazza and S. Agnoli (eds.), Springer Science and business 

Media. pp. 155-173. doi 10.1007/978-287-618_10.  
28. Daly, S., Yilmaz, S., Christian, J. (2012). Design Heuristics in Engineering Concept Generation. Journal of 

Engineering Education. 101:4, pp. 601-629.  
29. Florida, R. (2004). America’s Looming Creativity Crisis. Harvard Business Review, Oct. 2014, pp 1- 9. 
30. Yilmaz, S., Jablokow, K., Daly, S., Silk, E. (2014). Investigating Impacts on the Ideation Flexibility of 

Engineers, 121st ASEE Annual Conference and Exposition, Indianapolis, IN., June 15-18, 2014.  
31. LaDuca, B., Ausdenmoore, A., Katz-Buonconintro, J., Hallinan, K. P. (2017). An Arts-Based Instructional 

Model for Student Creativity in Engineering Design. To appear in J. of Engineering Pedagogy. 
32. I-ACT Website www.udayton.edu/iact/index.php accessed Jan 20, 2017.  
 
 


