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Abstract 

The National Science Foundation’s Math and Science Partnership (MSP) program supports 

partnerships between K-12 school districts and institutions of higher education (IHEs). It is a 

major research and development effort to improve K-12 student achievement in mathematics and 

science while conducting STEM education research. One of the movements over the past decade 

has been to incorporate engineering and design content into K-12 teaching and learning. The 

goals of K-12 engineering and design content typically were to prepare students to think 

critically, creatively and independently by solving problems with real-world applications. 

Additional benefits are the potential for recruitment and better preparation of future engineering 

students. In an effort to encourage more competitive MSP proposals involving engineering, we 

synthesize strategies and findings from the NSF MSP portfolio and report on the ways that 

engineering and design content are implemented by MSP projects, along with associated 

challenges and opportunities.  

 

Introduction 

The National Science Foundation’s Math and Science Partnership (MSP) program (NSF, 2012) 

supports partnerships between K-12 school districts and institutions of higher education (IHEs), 

and has been funding projects to improve STEM education in K-12 since 2002. Some projects 

also include business/industry, informal science organizations and State Departments of 

Education as partners (NSF, 2008). A total of 178 MSP projects have received support as part of 

a STEM education investment of over $900 million. The MSP program has evolved as field-

driven strategies and opportunities are created, NSF priorities change, and new national trends 

appear (e.g., the Common Core State Standards in Mathematics). Indeed, a new set of guidelines 

for proposals (NSF Solicitation 12-518) was just released in December 2011. The MSP program 

remains a major research and development effort to support innovative partnerships to improve 

K-12 student achievement in mathematics and science while conducting STEM education 

research. The new solicitation requests proposals for two levels of partnerships – implementation 

and prototype – concentrating on one of four focal areas: (1) community enterprise for STEM 

learning, (2) current issues related to STEM content, (3) identifying and cultivating exceptional 

talent, and (4) K-12 STEM teacher preparation.  

 

One of the movements over the past decade has been increasing interest in incorporating 

engineering and design content in K-12 teaching and learning, a strategy validated in the 

National Research Council’s 2011 report, “A Framework for K-12 Science Education: Practices, 

Crosscutting Concepts and Core Ideas.” (NRC, 2011). In an effort to encourage more 

competitive MSP proposals involving engineering, we synthesize strategies and findings from 

the NSF MSP portfolio, drawing on archival information, particularly reports and publications, 

authored by the individual projects. This descriptive analysis is supplemented by data from 

annual project surveys conducted by a contractor (Westat) on behalf of NSF. We report on the 
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ways that engineering and design content are being implemented by MSP projects, along with 

associated challenges and opportunities.  

 

Background and Literature Survey 

MSP projects go beyond typical approaches to improving K-12 STEM education by 

incorporating a depth and quality of strategic actions, and by intellectually engaging higher 

education STEM faculty in K-12 reform. Individual projects differ in their activities and scope. 

For example, nearly 40% of partnership projects focus on math and nearly 30% on science. Of 

the remainder, many consider both mathematics and science, four projects focus uniquely on 

engineering education, and another group attempts to integrate engineering with science and/or 

mathematics. Of the schools involved in MSP, 45% are elementary level, 28% middle schools, 

and 27% high schools. Over 90% of projects conduct workshops, institutes, or courses with K–

12 teachers that increase content and/or pedagogical knowledge while also developing and 

utilizing leadership skills. An additional promising mechanism used by far fewer partnerships 

was providing externship opportunities for teachers. One engineering-focused strategy for 

improving K-12 education is to introduce engaging engineering design and concepts to teachers 

in order to provide contemporary real-world examples. These interventions are based on the 

logic that if teachers are given enhanced professional development through increased content 

knowledge, model teaching practices, and authentic experiences in one or more of the STEM 

disciplines, then that would impact how they teach, which would then ultimately impact the 

learning of students. The engineering content has the potential benefit to improve learning in 

mathematics and science by motivating students and developing their critical thinking and 

problem solving skills. A shared learning experience focused on relevant, real-world challenges 

is a proven strategy for fostering student learning of and engagement with mathematics and 

science (Project Kaleidoscope, 2006). Other potential benefits include  promotion of engineering 

awareness and literacy, for both recruitment and to better prepare engineering majors before 

starting college. Personal interest has been shown to be a key factor in selection of a major. Input 

from parents, friends, relatives, professor/teachers and counselors, beginning salary, earning 

potential and opportunities for advancement are other factors (Beggs, 2008; Kuechler, 2009). 

However, all of these factors require having knowledge of that major; the majority of high school 

students are not currently introduced to engineering professions in K-12. Additionally, in a 

survey of high school parents, counselors and science and mathematics high school teachers, 

their knowledge of STEM occupations was found to be limited, particularly in information 

technology and engineering (Hall, 2011). Reaching out to HS students to recruit engineering 

students is critical to increasing the number of engineering graduates. Nationally, 93% of 

students enrolled in engineering after eight semesters began as freshmen with this same major. In 

other majors, the same major rate of retention ranged from just 35%-59% (Ohland, 2008). While 

engineering has a high persistence rate compared to other majors, engineering majors are not 

attracting undeclared students or those transferring from other majors (Ohland, 2008). An 

introduction to engaging engineering content prior to the start of college may pique personal 

interest and hence result in more freshmen selecting engineering majors. From a pedagogical 

perspective, engineering is the link that ties together mathematics and science (Fantz, 2011; 

Katehi, 2009). The integrative, application focused nature of engineering can improve student 

learning, and increase test scores, which helps schools satisfy standards-driven education 

requirements (Baker, 2005; Custer, 2011; Fantz, 2011; Silk, 2009;). The use of engineering 

design provides practical classroom benefits for both educators and students. The collaborative, 
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socially beneficial aspects of engineering have also been shown to appeal to students whom the 

field has traditionally failed to engage, including females and underrepresented minorities 

(Fantz, 2011; Geddis, 1993; Wiest, 2004).  
 

Methods 

To explore how engineering and design are being implemented in MSP projects, we first 

searched the abstracts of all active and expired MSP projects for the term “engineer.” From this 

list we excluded any projects that only included engineering as an expansion of the acronym 

STEM. This resulted in 31 projects for further analysis. For each, we examined the original 

proposal and most recent annual or final report, if available. If the managing program officer was 

available, we asked this person about engineering aspects of the project. This process resulted in 

the 17 projects listed in Table 1, which we found to include some aspect of engineering. A 

limitation of this approach is the subjective nature of what is and is not engineering; however, 

the two authors worked together to develop and apply a consistent definition.  

 

Results and Discussion 

A summary of the engineering faculty involvement, pre-service teacher involvement, other 

undergraduate involvement (other than a few research assistants), in-service teacher 

involvement, engineering content/grade level, curriculum development and opportunities for 

MSP projects with engineering or engineering design content is presented in Table 1. (These 

categories evolved as we explored the projects and identified different ways that engineering 

content, faculty or students were involved in the projects.) The projects are presented in 

chronological order, which emphasizes that although NSF’s MSP program began in 2002, there 

is a marked and promising increase in engineering-related projects in recent years. This also 

means there is limited experience to draw upon.  

 

These projects are implementing many of the best practices in teacher preparation, professional 

development, curriculum development and partnerships that characterize NSF’s MSP program in 

general. Many programs had a focus on alignment of instruction and assessment of mathematics 

and science to meet state and national standards. Some programs had a focus on teacher prep to 

meet the gap in prepared teachers, with alternate certification of engineering professionals or 

recruitment of undergraduate engineering majors. Some inculcated engineering content into pre-

service teacher education. Some projects provided support to minimize high turnover of new 

teachers. Some engineering faculty members were tapped to serve as mentors. Industrial partners 

provided support to develop curricular materials or to serve as mentors. 

 

Engineering faculty members frequently serve as PIs, Co-PIs and senior personnel on MSP 

projects. When their responsibilities are described, they tend to serve as consultants or mentors in 

developing engineering activities and curricula, as well as helping teachers to implement the 

activities in their classrooms. However, the involvement of engineering faculty members does 

not guarantee that engineering content will be the focus of an MSP project. We found multiple 

instances of projects focusing on science or math education but led by an engineering faculty PI.  

While some projects focused squarely on engineering content, others included engineering as 

part of a more interdisciplinary focus such as climate change or energy sustainability. While the 

active involvement of engineering faculty members can ensure this perspective is represented, 

these projects are at particular risk of eventually abandoning engineering content. We excluded 
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many other cases in which engineering was initially included as part of a more general STEM 

approach but was not mentioned in subsequent reports. Certainly the dynamic of science and 

math standards ensures that more resources will be directed to these efforts. Nonetheless, these 

projects suggest that design approaches and engineering solutions may be an effective way to 

connect science and math to students’ daily lives. We note that the motivation for engineering in 

K-12 was presented in many proposals as a need for more engineers, a general need for more 

scientifically and technically literate public, or both.   

 

We were surprised that so few projects created or strengthened teaching certification 

opportunities for engineering undergraduates. We view this as a promising practice for building 

capacity to support engineering in K-12. Despite arguments that engineering graduates can make 

much more money than teachers, interest surveys suggest that demand could be surprisingly 

high. Similarly, we were surprised by how few projects had explicit goals to develop, archive 

and distribute engineering curricula for K-12. There are two notable exceptions: UTeach 

Engineering at UT Austin, which is focusing on high school curricula, and SLED at Purdue 

University, focusing on elementary curricula (both projects also include teacher training and 

professional development as well).  

 

Early projects included in their annual reports some of the challenges to bringing engineering to 

K-12. Faculty time and responsibilities (teachers and professors) limited engagement with many 

aspects of the projects. Sometimes different engineering team members disagreed on how to 

adapt engineering to K-12. If the focus is interdisciplinary STEM or sustainability, science (or 

math) education focus can begin to dominate over time. Similarly, high stakes testing creates a 

drill situation, where engineering values of design and creativity are not included in measures of 

a school’s success. For many, this is a benefit of engineering in K-12, but it has practical 

implications for sustainability of engineering efforts. As in many MSP projects, teacher content 

background and experience level vary widely. Selection of leadership team members must be 

done carefully and thoughtfully. The principal’s support and leadership is crucial to sustaining 

teacher participation. 

 

Conclusion and Future Work 

This analysis gives an overview of efforts to implement engineering in K-12 through NSF’s MSP 

program. It provides some empirical data to inform questions such as: Do we need separate 

engineering courses in K-12 or should it be imbedded?  If embedded, how should it be 

integrated? What is the required core of knowledge and how do we prepare teachers? How do we 

both prepare future engineering students and provide general “engineering literacy?” How do we 

promote diversity while incorporating engineering content? How will efforts be scaled-up? How 

will efforts be sustained?  
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Table 1 – Summary of MSP Projects with Engineering and Design Content 

Title/Location/ Grant No/PI: El Paso Math and Science Partnership/UTEP/0227124/Navarro 

Engineering IHE faculty involvement: Professional development to learn how to work with 

HS teachers, mentored alternative teacher certification students. 

Other undergraduate involvement: Hired engineering students to go back to their HSs to 

promote engineering and recruit, as well as serve as teaching assistants. Recruitment of 

undergraduate engineering students into alternative teaching certification. 

In-service teacher involvement: Summer training program with follow-up support 

Grade level(s)/ Engineering content: HS. Development of a one-year high school junior or senior 

level course, which is inquiry based, addresses engineering concepts, and meets state 

mathematics and science standards. 

Curriculum development: Engineering faculty assisted with curriculum development in math and 

science at El Paso CC using the same matrix structure used for K-12 curricula. Faculty mapped 

topics to cognitive demands, and state and national standards. 

Opportunities: Engineering faculty joined the project hoping it would aid recruitment, which 

piggybacked on already existing Texas Instruments project with related goals. 

Title/Location/ Grant No/PI: Teachers and Scientists Collaborating/Duke U/0227035/Ybarra 

Engineering IHE faculty involvement: Fellows to support HS teachers receiving training. 

Other undergraduate involvement: Student teaching fellows placed with teachers. 

In-service teacher involvement: Monthly sessions for continuing education credit on 

integrating technology into classrooms 

Grade level(s)/ Engineering content: Elementary 

Curriculum development: School districts prepare five year plans for educational reform to 

incorporate inquiry based learning 

Opportunities: Recognized by Microsoft Research University Program as a national K12 

outreach model. Also partnered with Duke’s Center of Inquiry-Based Learning (CIBL) for 

summer teacher training. 
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Title/Location/ Grant No/PI: SUPER STEM Education/BCPS and UMBC/0227256 & 

0514420/Spence  

Engineering IHE faculty involvement: Engineering faculty helped design and teach urban 

teacher education standards-aligned content enhancement modules in chemical and mechanical 

engineering. 

Pre-service teacher involvement: Mentored by industry engineers, internships and 

scholarships. Development of engineering education degrees that lead to certification in 

technology education. 

Grade level(s)/ Engineering content: K-12. Industry engineers help develop & teach STEM 

modules - automotive, airplane & rocket engines; effects of stress on bridges & skyscrapers; 

factors involved in constructing roads & bridges; telecommunications. Mentor students, provide 

internships 

Curriculum development: Middle and HS. Pre-Engineering and Gateway to Technology (GTT) 

Programs. 

Opportunities: Future Teachers Club HS students mentored by industry engineers. PI working 

to develop national K12 engineering standards. Added Engineering is Elementary (EiE) 

curriculum workshop training for the Master Teacher Development fellows at the elementary 

level. Trained in either “It’s a Long Way Down: Designing Parachutes” or “Catching the Wind: 

Designing Windmills,” to enhance math instruction. 

Title/Location/ Grant No/PI: Partnership for Student Success in Science (PS3)/ Palo Alto 

Unified School District and San Jose State University/ 0315041 and 0953069/McMullin 

Engineering IHE faculty involvement: PI and other senior personnel, other engineering faculty 

up to 30% release time to work with middle schools 

Pre-service teacher involvement: problem-based engineering course “How Things Work”  

In-service teacher involvement: summer institutes for K-8 teachers focusing on developing 

inquiry learning in science and engineering  

Grade level(s)/ Engineering content: K-8 

Title/Location/ Grant No/PI: Math Infusion into Science Project (MISP)/Hofstra U/0927973 & 

0314910/Burghardt 

Engineering IHE faculty involvement: Provided professional development to enhance 

mathematical content and understanding of engineering concepts of middle school teachers. 

Pre-service teacher involvement: Recruitment of undergraduate students in math, science and 

engineering into teaching. 

In-service teacher involvement: Teacher PD to increase content knowledge in higher level math 

within science. Also in attendance were the math teachers and school administrators.   

Grade level(s)/ Engineering content: Developed 26 math infused eighth-grade science units 

available on the MiSP website - www.hofstra.edu/misp. 

Curriculum development: Developed workshops and web-based materials that address the 

standards for technological literacy. 

Opportunities: Institutional support for the Center for Technological Literacy, a STEM think 

tank developed for the purpose of furthering STEM education. Enhancement of school-based 

teacher leaders is important for sustaining improved capacity within a school and district. 

http://www.hofstra.edu/misp
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Title/Location/ Grant No/PI: 0412373 – U Alabama – Birmingham, Birmingham Southern 

College Became 0632522 

Engineering IHE faculty involvement: Professional Development provides real world 

applications using engineering. Problems that allowed for expansion. Involved engineering 

faculty, in collaboration with math and education faculty, in teacher professional development 

and preparation to improve middle school math teaching. 

Pre-service teacher involvement: Attended content course, Patterns, Functions and Algebraic 

Reasoning. Engineering projects will become an integral part of pre-service teacher preparation 

in the middle school mathematics major track. 

In-service teacher involvement: Professional Development provides real world applications 

using engineering to enhance math instruction. Problems that allowed for expansion. 

Grade level(s)/ Engineering content: Elementary, middle and high school math with a focus on 

middle school. 

Curriculum development: Examples include an engineering project on wound healing. 

http://www.eng.uab.edu/bme/labs/mathgrant/ 

Opportunities: Engineering faculty and teachers same PD. Everyone developed a portfolio. 

Inquiry-based model of instruction. 

Title/Location/ Grant No/PI: Project Pathways: A Math and Science partnership for Arizona 

Targeted Project Track/ ASU – in partnership with Intel & Maricopa CC system/0412537/ 

Carlson 

Pre-service teacher involvement: Pre-service STEM teachers receive pedagogical training. 

Strong STEM students recruited as tutors and encouraged to become teachers. 

In-service teacher involvement: New PD model. Promote STEM content knowledge. 

Grade level(s)/ Engineering content: HS 

Curriculum development: Teams of engineers, mathematicians and scientists partner with 

master teachers and STEM education faculty to generate portable instruction sequences for both 

students and teachers. New graduate course for in-service teachers. Four new courses which 

fulfull masters degree for secondary education. Capstone is Engineering Design – Applying 

Secondary Mathematics and Science Concepts; delivered at the teachers’ schools. 

Title/Location/ Grant No/PI: Drafting a Blueprint for Educating Tomorrow’s Engineers 

Today/0831698/Springfield Technical Community College/McGinnis-Cavanaugh 

Engineering IHE faculty involvement: PI and partners 

In-service teacher involvement: Needs assessment for engineering information and content in 

area middle schools 

Grade level(s)/ Engineering content: MS. Educational website about engineering for middle-

schoolers (www.talk2mebook.com), primary goal is to motivate interest in engineering 

http://www.eng.uab.edu/bme/labs/mathgrant/
http://www.talk2mebook.com/
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Title/Location/ Grant No/PI: UTeachEngineering: Training Secondary Teachers to Deliver 

Design-Based Engineering Instruction/UTexas-Austin /0831811/Allen 

Engineering IHE faculty involvement: PI, Collaboration for improved research and practice in 

engineering education 

Pre-service teacher involvement: Created a new 3 year MA in Science and Engineering 

Education (4 semesters of online course work plus three 9-week summer sessions. Also a 

certificate 

In-service teacher involvement: Six week engineering summer institute for teachers 

Grade level(s)/ Engineering content: HS. Designed a one-year HS engineering course in 

anticipation of Texas state standards for a 4
th

 year engineering science course. Developed 

learning outcomes – the narrative of engineering, engineering design skills, engineering habits of 

mind, design challenge topics. Units are energy generation; design, redesign and reverse 

engineering; and an extended design challenge. 

Curriculum development: One-year HS engineering course.  

Opportunities: New interdisciplinary Center for Engineering Education. The STEM 

Symposium - A collaborative dialogue between participants took place throughout the 

symposium. 

Title/Location/ Grant No/PI: Partnership to Improve Student Achievement in Physical 

Sciences: Integrating STEM Approaches (PISA2)/Stevens Institute of 

Technology/0962772/Sheppard 

Engineering IHE faculty involvement: Senior personnel 

Other undergraduate involvement: Collaboration for Stevens engineering and science 

undergrads to earn high school teaching credential through St. Peter’s College 

In-service teacher involvement: Summer Institutes and follow-up support  

Grade level(s)/ Engineering content: Grades 3-8 

Curriculum development: Focus on energy concepts is interdisciplinary and involves 

engineering, graduate science content courses are based on scientific inquiry and engineering 

design process 

Title/Location/ Grant No/PI: Science Learning through Engineering Design (SLED) Targeted 

Partnership/Purdue University/0962840/Bowman 

Engineering IHE faculty involvement: PI, collaborate on curriculum development 

Pre-service teacher involvement: New course and field experiences for elementary education 

majors in use of engineering design to teach science through authentic, inquiry-based, multi-

disciplinary, design projects 

In-service teacher involvement: Summer Institutes with online and community support 

Grade level(s)/ Engineering content: Grades 3-6, science inquiry guided by an engineering 

design approach 

Curriculum development: Adapt, refine, and test existing project and design-based curricular 

materials/tasks, and where necessary develop new ones 
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Title/Location/ Grant No/PI: LEADERS: Leadership for Educators: Academy for Driving 

Economic Revitalization in Science/UToledo/0927996/Czajkowski 

Engineering IHE faculty involvement: Co-PIs, Co-teach modules in Summer Institute  

Other undergraduate involvement: Mentors for Rube Goldberg projects 

In-service teacher involvement: Summer Institutes for science teacher leaders with follow up 

during the year focusing on renewable energy 

Grade level(s)/ Engineering content: K-12 distribution across elementary, middle and high 

school; engineering content on renewable energy 

Opportunities: Increasing partnerships with College of Engineering as project progresses 

Title/Location/ Grant No/PI: HR-PAL: Hampton Roads Partnership for Algebra/Hampton 

University/1050389/Akyurtlu 

Engineering IHE faculty involvement: PI, Co-PIs and senior personnel 

Grade level(s)/ Engineering content: Developing engineering applications and practical 

examples for algebra, particularly in the area of robotics 

Title/Location/ Grant No/PI: CEEMS: The Cincinnati Engineering Enhanced Mathematics and 

Science Program/UCincinnati /1102990/Kukreti 

Engineering IHE faculty involvement: Course development, summer teaching and mentoring 

of teachers. 

In-service teacher involvement: Summer Institute for Teachers  to (1) integrate the materials 

into the courses they teach and (2) disseminate and provide professional development to their 

colleagues through a district-level “teacher leaders” dissemination program and a regional STEM 

education conference to be held annually. 

Grade level(s)/ Engineering content: 7
th

-12
th

 grade 

Curriculum development: New courses which focus on engineering and science content, and 

design and challenge-based pedagogy. 

Opportunities: recently revised Ohio State Science Standards juxtaposed with Universal Skills. 

These standards are centered on “real world application and connections to engineering.” 

Title/Location/ Grant No/PI: NUTURES: Networking Urban Resources with Teachers and 

University to Enrich Early Childhood Science/UToledo /1102808/Czerniak 

Engineering IHE faculty involvement: Develop curricular materials. Engineering graduate 

assistants will serve as coaches for teachers implementing the new materials. 

Grade level(s)/ Engineering content: PK-3.  

Opportunities: Partners are Toledo public schools preschools, informal science learning 

institutions such as botanical gardens, zoo, planetarium, etc.  

Title/Location/ Grant No/PI: The NanoBio Science Partnership for Alabama Black Belt 

Region/Tuskegee University/1102997/Jeelani 

Engineering IHE faculty involvement: PI, Co-PIs, developing modules and collaborating to 

adapt them to middle school level  

In-service teacher involvement: Summer Institutes and curriculum development projects 

Grade level(s)/ Engineering content: Middle school 

Curriculum development: Developing 3D simulations and educational modules around nano-

bio concepts 
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Title/Location/ Grant No/PI: The University at Buffalo/Buffalo Public Schools (UB/BPS) 

Interdisciplinary Science and Engineering Partnership/SUNY at Buffalo/1102998/Gardella  

Engineering IHE faculty involvement: Co-PI, senior personnel 

Grade level(s)/ Engineering content: middle and high school, interdisciplinary science and 

engineering design, tissue engineering industry partners and medical physics expertise 

represented 
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