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As many states and districts seek to incorporate engineering education into secondary school, the problem of limited 
resources naturally arises.  Teachers of engineering are scarce and expensive, while the number of courses offered 
within a district and the enrollments in these courses are often not large enough to justify a hire.  The compromise 
which has increasingly been made is to ask the physics faculty to incorporate some degree of engineering into the 
existing physics curriculum.  This is, however, not a panacea, as secondary physics education already suffers from a 
shortage of competent teachers and difficulty in adequately training those teachers in both content and pedagogies.  
This talk will discuss PhysTEC (Physics Teacher Education Coalition), the American Physical Society’s long-
running program to improve and promote the education of future physics and physical science teachers, including 
discussion of various possibilities for the incorporation of engineering principles and design processes into physics 
teacher education. 

Introduction 
 As nationwide momentum builds to improve and advance Science, Technology, 
Engineering and Mathematics (STEM) education in primary and secondary schools, the average 
student’s exposure to engineering is still extremely limited.  Many students, even those at the 
most advanced levels, do not see any engineering in their education until the college level.  This 
restricts the number of students choosing engineering as a path of future study, which in turn will 
have a significant detrimental effect on our national standing as a leader in technological 
innovation. 
 While support is high in many quarters to include engineering in the P-12 curriculum, a 
2010 report conducted by the National Academy of Engineering (NAE) [1] concluded that it was 
not recommended at this time to include engineering content-based standards separately in P-12 
education.  The primary rationale behind this recommendation was that there was not sufficient 
access to competent, well-trained teachers to deliver engineering content [see also 2].  As an 
alternative to independent engineering curricular standards, the new Framework for K-12 
Science Education published by the National Academies in July of 2011 [3] includes 
recommendations for the incorporation of engineering into science curricula. 
 Many states have moved ahead with including engineering standards in the P-12 
curriculum.  In line with the NAE recommendation, many states have been incorporating 
engineering within their standards for science education.  Massachusetts, which was one of the 
first states to adopt engineering standards in 2006, is also one of the few states to treat 
engineering as a separate discipline with status identical to the physical and life sciences.  These 
standards include goals for engineering curriculum at all levels up to and including secondary 
school.  While the Massachusetts standards are still extremely new, and quantitative data is 
currently lacking, qualitative evidence suggests that, as predicted by the NAE, staffing 
engineering instructors has been a significant impediment to consistent curricular offerings in 
engineering.  Despite the recent creation of a few engineering teacher certification courses, 
qualified secondary school instructors are particularly difficult to come by, and extremely 
expensive to hire when available.  In addition, a district currently may only have demand for a 
small number of engineering classes, making it impractical to make a full-time hire to cover this 



demand.  Occasionally districts have employed novel solutions such as hiring one instructor to 
cover classes for multiple districts.  However, despite the separate standards for engineering in 
Massachusetts, it seems that one of the most common routes to rapidly incorporating engineering 
into secondary education without the need for additional hires has become for districts to request 
that their physics faculty incorporate engineering education into their classes. 
 The goal of this discussion is to consider the question of whether it makes sense to 
encourage integration of engineering education into secondary physics curricula, and if, so, to 
what degree or extent, and how this should be accomplished.  The options range from pursuing a 
completely independent secondary school engineering curriculum, to expectations that the bulk 
of a high school student’s engineering exposure will come from their physics class. 
   
Engineering with Physics 
 Engineering and physics are intimately related, yet distinct disciplines.  At the first-year 
level in colleges, there have been several experimental classes which have integrated engineering 
with physics and mathematics [4].  Additionally, many programs have been developing 
curricular modules and other teaching materials for P-12 science instructors to use in 
incorporating engineering into science classes [5]. 
 There have been several studies done which have documented benefits to the integration 
of science and engineering.  First-year integrated college classes see an increase in retention and 
passing rates [4] over stand-alone physics classes, and exposure to hands-on engineering 
activities in K-12 could increase the content retention and self-efficacy of female [6,7] and 
disadvantaged [8] students in this area, leading to more students considering engineering as a 
viable career path.  Overall, incorporating engineering into K-12 physics class could increase the 
perceived practical relevance of physics, increase comprehension of physics concepts through 
exposure to applications [9], and may result in more students pursuing further studies in both 
engineering and physics.   

Additionally, physics education could benefit from the emphasis on process-learning 
which has become an important part of the relatively new engineering education movement.  
Over a half century of institutionalized physics instruction, and particularly the new emphasis on 
testing, have led to physics education which is increasingly focused on facts and memorization.  
This contrast is particularly obvious when comparing state standards for engineering and 
physics.  Physics standards frequently read as a laundry list of equations for students to 
memorize, while engineering standards often include process and problem solving strategies. 

On the other hand, there are also concerns that could be raised in the integration of 
engineering and physics.  Engineers and physicists tend to have very different goals and 
philosophies.  While a physicist generally wants to understand the underlying principles at work 
in a particular physical problem, the engineer’s goal is commonly a solution which requires an 
empirical, rather than a fundamental, understanding of the system’s behavior.  As students are 
exposed to these fields for the first time, with their eye on the future, it is important for them to 
have a clear picture of the differences, as well as the complementarity of physics and 
engineering. 
 
Physics Teacher Training and the Role of Professional Societies 
 From a practical perspective, the notion of widespread incorporation of engineering in 
secondary physics classes faces significant challenges.  While there are generally more physics 
teachers available than engineering teachers, the nation faces a critical and chronic shortage of 



well-trained high school physics teachers.  At present, fewer than 50% of high school physics 
teachers have a degree in physics or physics education, and a disturbing number of high school 
physics teachers do not have STEM degrees at all [10].  Enrollments in physics have been slowly 
but steadily increasing, which is generally good news, but exacerbates the shortage of physics 
teachers.   
 There are many different things contributing to the shortage of qualified physics teachers.  
The most significant, however, is a lack of physics teacher training programs.  The National 
Taskforce on Teacher Education in Physics (T-TEP) report in 2010 found that fewer than 25% of 
universities reported graduating any physics-qualified teachers, and those that did certify physics 
teachers often had fewer than two graduates per year.  Additionally, the existing physics teacher 
training programs often lack important features to improve quality such as connections with an 
education school, exposure to physics-specific pedagogy and physics education research results 
and resources for support and professional development of new physics teachers.  However, the 
T-TEP report also found that a handful of truly excellent physics teacher training programs 
existing across the county can serve as models for the creation of additional programs. 

The shortage of qualified physics instructors was evident back in 2000.  In response, the 
American Physical Society (APS), the American Association of Physics Teachers (AAPT), and 
the American Institute of Physics (AIP) jointly sponsored the creation of the Physics Teacher 
Education Coalition (PhysTEC).  With funding from the National Science Foundation, the goals 
of PhysTEC are to transform physics departments to engage in preparing physics teachers, to 
demonstrate successful models for increasing the number of highly-qualified physics teachers, 
and to spread best-practice ideas throughout the physics teacher preparation community.   

There are two aspects to the PhysTEC project.  The first is a national coalition of 255 
member institutions which runs conferences, workshops, and produces publications on physics 
teacher training.  Additionally, PhysTEC currently funds 20 demonstration project sites to serve 
as high output centers of physics teachers and models for best practices.  These sites have shown 
tremendous progress with PhysTEC funding, more than doubling their output of physics teachers 
since the beginning of funding.   

Thus far none of the APS, AAPT or PhysTEC has taken a position on the incorporation 
of engineering into secondary physics education.  However, recently the AAPT submitted an 
NSF proposal to examine the use of engineering design as a pedagogical tool in high school 
physics education.  This proposal included the adaptation of existing engineering design teaching 
modules for use in physics classrooms, as well as professional development support for teachers 
to incorporate these into their classes.  If funded, this proposal will train 100 physics teachers in 
using open-ended engineering design within their classes, and will study the effects of this 
implementation.  The APS, through its Committee on Education, is currently investigating the 
linkages between secondary physics education and engineering education with an eye to possible 
actions in this direction.  The APS and AAPT will guide the future directions of the PhysTEC 
program. 

 
Conclusions and Points for Discussion 

To conclude, there are serious impediments to rapid large-scale inclusion of engineering 
into the formal secondary school curriculum as an independent offering.  One possible 
alternative route would be to encourage the widespread integration of engineering education with 
secondary physics classes.  This could provide benefits in learning and comprehension as well as 
attracting more students into STEM fields, with particular possible benefits for high school 



physics enrollments and providing a natural pathway for students into college-level engineering.  
However, there are concerns regarding the blurring of disciplinary context and the practical 
challenges of training both new and existing physics instructors.  The physics professional 
societies can act to support and encourage this integration.  However, first we must answer the 
question of whether extensive integration of engineering into secondary physics education is 
viable and desirable. 
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