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Abstract 
Eight pre-service high school physics teachers participated in the Engineering Education: High 
School Physics course at Rutgers University during summer 2011. The goals of course were to 
(1) introduce engineering as a multi-faceted, interdisciplinary profession and (2) support pre-
service teachers as they design engineering-based lessons for their future pre-college classrooms. 
The course afforded pre-service physics teachers the opportunity to learn about the exciting 
world of engineering through engaging in hands-on projects, observing engineering research, and 
developing engineering-based lessons for their future classrooms. Preliminary results from 
course evaluation evidenced students’ enhanced understanding of and enthusiasm for 
engineering. Collected work evidenced students’ ability to design engineering-based lessons for 
the physics classroom.  
 
Introduction 
The latest technological revolution has brought with it a high global demand for scientific and 
mathematical literacy. Domestically, the number of technology based jobs, such as engineering, 
that require scientific and mathematical literacy far exceeds the number of qualified native 
applicants (NAS, 2005; NSB, 2003). In order to compete in the global economy, our nation’s 
universities must attract, retain, and graduate qualified STEM majors, regardless of their gender, 
ethnicity, race, or financial need. Universities and K-12 school districts must work in partnership 
to achieve this goal (Baartmans & Sorby, 2001; Brophy, Klein, Portsmore, & Rogers, 2008; Tran 
& Nathan, 2010). 
 
Providing a meaningful engineering experience for pre-service teachers (college students training 
to be our nation’s future educators) is a critical first step in building a partnership between 
universities and K-12 educators. Once in the classroom, these teachers will be able to engage 
pre-college students in engineering-oriented activities and serve as a source of about future 
career opportunities. With this understanding, the Rutgers School of Engineering and Graduate 
School of Education designed an introduction to engineering course for pre-service physics 
teachers that aimed to (1) introduce engineering as a multi-faceted, interdisciplinary profession 
and (2) support pre-service teachers as they design engineering-based lessons for their future pre-
college classrooms. 
 
This paper describes the newly designed and piloted course Engineering Education: High School 
Physics that was created to enhance the existing physics teacher preparation program at Rutgers 
University. The course was designed in collaboration between the School of Engineering and 
Graduate School of Education. The course afforded pre-service physics teachers the opportunity 
to learn about engineering through research shadowing, hands-on projects, literature review, and 
lesson development. The following sections provide the theoretical framework that guided the 
course development, a description of course components, results from summer 2011 course 
implementation, and discussion of future work.  
 



Theoretical Framework 
The theoretical foundation utilized to design the course is twofold. First, there is a national need 
to recruit more students into the engineering profession that has spurred discussion on 
developing engineering education standards for K-12. Second, a possible way to recruit more 
students into engineering is to provide professional development to K-12 pre- and in-service 
teachers who have the opportunity to introduce and encourage young students to engineering.   
 
In an effort to address the national need to recruit more students into engineering, attention has 
turned to identifying key concepts and skills of engineers and developing P-12 engineering 
education content standards. In their report, “Standards for K-12 Engineering Education?” the 
National Academy of Engineering (NRC, 2010) recommended that engineering education 
standards be either infused or mapped into existing core content standards. Infusing or mapping 
would integrate engineering concepts and skills into state or national standards. Massachusetts 
(MA ESE, 2001) developed technology/engineering education standards in 2001 that has since 
served as a model for other states.  
 
Relevant to this paper is the New Jersey Technology Education/Engineering/Design Core 
Curriculum Content Standards (CCCS) (New Jersey Department of Education, 2009). As stated, 
the purpose of the standard is to ensure that “All students will develop an understanding of the 
nature and impact of technology, engineering, technological design, and the designed world, as 
they relate to the individual, global society, and the environment.” Consequently, the 
Engineering Education: High School Physics course was designed to introduce pre-service 
physics teachers to engineering and explore how to integrate the engineering portion of the 
Technology Education/Engineering/Design CCCS into the physics classroom.  
 
Developers of educational curriculum have created packaged engineering education curricula for 
the P-12 classroom (i.e. Engineering is Elementary and Project Lead the Way). Professional 
development is available, and sometimes mandated, for consumers of packed engineering 
curricula. Other initiatives for pre- and in-service teachers, provide opportunities for participants 
to enhance their understanding of engineering and develop lessons for their classroom based on 
their experiences (Cejka & Rogers, 2005; Genalo, 2003; Laffey, Cook-Chennault, & Hirsch, 
2012).  
 
Professional development for pre- and in-service teachers should result in participants leaving 
with the knowledge to integrate engineering into their pre-college classrooms and advise their 
students about engineering careers (i.e. Akerson & Hanuscin, 2007; Brophy, Klein, Portsmore, & 
Rogers, 2008; Thompson, Windschitl, & Braaten, 2010). Participants should have the 
opportunity to learn about the various disciplines and the impact engineering has on our 
everyday lives. Additionally, during effective professional development opportunities teachers 
should have an opportunity to develop and test relevant lessons/whole modules for pre-college 
classrooms.  
 
Consequently, the course was designed so that participants (1) were introduced to existing 
packed K-12 engineering curriculum, pre-college programs, and extracurricular activities; (2) 
engaged in hands-on modules that can be integrated into the physics classroom; and (3) designed 
and piloted original lessons that involved an engineering-based, hands-on project.  



 
Course Description 
The Engineering Education: High School Physics course was offered during the first session of 
2011 summer semester to students enrolled in the physics teacher preparation program. The 
three-credit course met for fives weeks (three times a week for three hours each day). The course 
included: (1) research shadowing, (2) hands-on projects, (3) literature review, and (4) lesson 
development. Each of the four components is described in the following paragraphs.  
 
In an effort to introduce the nature of engineering research, participants shadowed graduate 
students once a week for three hours. Based on preference and academic background, 
participants were assigned to one of three shadow groups. The first group met with a graduate 
student enrolled in the interdisciplinary pharmaceutical engineering program that is funded by 
the Engineering Research Center for Structure Organic Particulate Systems. In this group, 
participants learned about pharmaceutical tabulate formulation, customized medication, and 
mass production. The group explored the hardware and software involved in these processes. 
The second group met with graduate students enrolled in the Nanotechnology for Clean Energy 
Integrative Graduate Education Research Traineeship. Participants learned about nanomaterials 
and synthesis, discrete devise design and characterization, and the integration of energy 
generation and storage devices. The last group visited with graduate students enrolled in the 
Stem Cell Integrative Graduate Education Research Traineeship. This group explored how adult 
stem cells react and differentiate when attached to different 2D and 3D surfaces. They also 
discussed how the research group is cultivating cartilage. Overall, the research shadow 
experience was purposefully designed to broaden participants understanding of engineering 
research and the impact it has on human life.  
 
Participants engaged in a variety of hands-on projects throughout the duration of the course. The 
purpose of the projects was to introduce participants to the possibility of integrating engineering 
hands-on activities into their future pre-college lessons. The list of projects included building 
roller coasters out of foam tubing, designing an automobile powered by wind, exploring solar 
panels and designing a device that was powered by a solar panel, constructing bridges using 
various materials, producing lip balm, and designing a game using simple machines. Each 
project was presented in class as an engineering challenge with various constraints, a variety of 
materials, and associated design costs. Students worked in small groups to meet the challenge. 
For homework, students developed lesson plans based on the hands-on project that linked to 
specific physics principles. The lessons also integrated engineering education by describing 
relevant engineering disciplines and listing questions for students to discuss, for example: How 
can you improve your design without increasing cost?  
 
Participants read relevant literature on engineering education and reflected on the readings 
during class. The course began with a brief history of engineering education starting with an 
article outlining the need for integration of engineering into the pre-college classroom and 
various state standards. The literature review continued with articles that illustrated examples of 
integrating engineering into pre-college classrooms and various professional development 
initiatives including research on teacher beliefs. Additionally, the participants reviewed literature 
on diversity and equity in engineering education. Lastly, the instructor prepared a packet of 



information on how to advise pre-college students about pre-college and undergraduate 
engineering programs.  
 
To link course experience to high school classroom practice, the final project for the course 
required participants to design an original hands-on project and complimentary lesson plan that 
integrated engineering into the physics classroom. The course instructor and colleagues from the 
Graduate School of Education were available to assist with lesson development. The lesson plans 
included a list of required materials, a teacher’s guide, any necessary handouts, links to physics 
and engineering education principles, and an identification of National/State Science Standards. 
Once participants were ready to test their classroom lesson, they piloted the lesson with group of 
students enrolled in summer pre-college engineering programs offered by the School of 
Engineering.  For example, one participant designed a lesson around building a toy yo-yo. The 
goal of his lesson was to have students apply rotational dynamics to understand how a simple 
and modern yo-yo works. Students were challenged to make yo-yos from various materials (e.g. 
paper cups, plastic cups, string, straws, etc) and use their knowledge of rotational dynamics to 
propose explanations for the various designs of their yo-yos. He piloted the lesson with a group 
of high school students enrolled in a summer engineering enrichment program for girls. He also 
presented his lesson to teachers enrolled in a Research Experience for Teachers. Participants 
used feedback from teachers and summer students to revise their lessons.  
 
The goals of the course were to (1) enhance pre-service teachers’ understanding of engineering 
and (2) support pre-service teachers as they design engineering-based lessons for their future pre-
college classrooms. To understand the impact of the course, we collected and analyzed pre- and 
post surveys, as well as homework submissions. The following section provides the results from 
this analysis.   
 
Course Evaluation and Discussion  
Eight students enrolled in the summer course with seven of the students completing the course. 
Pre- and post-surveys were administered on the first and last day of class, respectively. Students’ 
homework was collected for analysis, as well. Two known instruments (Gibson & Dembo, 1984; 
Hirsch, Kimmel, Rockland, & Bloom, 2006) were adapted to create a pre- and post-evaluation 
survey to measure students’ attitudes toward teaching and engineering, self-efficacy for teaching 
and STEM knowledge, knowledge of STEM careers, and STEM professional’s impact on 
society. The survey uses 4 point Likert scales with no neutral point that require teachers to 
respond to items such as “I can define engineering” on a 4 point Likert scales where 1=Strongly 
Agree, 2=Agree, 3=Disagree and 4=Strongly Disagree or indicate confidence in their “ability to 
integrate engineering into their curriculum” where 1=Not Confident, 2=Confident, 3=Confident 
and 4=Very Confident. Analysis has not yet been conducted on the quantitative portion of the 
pre- and post-surveys.  
 
On the pre- and post-surveys, students were asked to draw a picture of an engineer. Extensive 
analysis has not yet been conducted, but Figures 1 and 2 exemplify the change evidenced as 
students moved from drawing a traditional representation of an engineer (see Figure 1) to a more 
non-traditional depiction (as shown in Figure 2). Moreover, two of the students had started their 
educational careers as engineering majors and then decided to switch to physics majors. 
Comments they wrote on the post-survey are encouraging: “I wish I could go back and be an 



engineer.” [B.M.; 7/7/2011] and “I feel much more interested [in engineering] and really 
appreciate engineering and want my students to pursue it.” [T.S.; 7/7/2011] These statements are 
critical as they reflect an important change in the pre-service teachers’ beliefs and attitudes 
towards engineering, which results in better learning for their future students (Fenstermacher, 
1979; Nathan et al., 2010; Yasar et al., 2006) 
 

 

 
 

Figure 1: Picture of an engineer on pre-survey. 

 

 
 

Figure 2: Picture of an engineer on post-survey. 

As part of the course, participants engaged in hands-on projects. They were then charged with 
designing lessons for the physics classroom based on the hands-on projects. Students submitted 
resulting lessons as homework assignments. Because all the students were in the same teacher 
preparation program, they all followed a similar format for lesson development. Namely, each 
lesson contained the following sections: title, identification of state standards, resources needed, 
students’ requisite prior knowledge, lesson objectives, identification of possible difficulties 
students may face, description of lesson, timeline, homework, and teacher notes. Prior to this 



course they submitted over 10 lesson plans for high school physics lessons in the course 
“Teaching Physical science”. 
 
On the first homework assignment, no student identified links to engineering. All focus was on 
the physics content. After receiving feedback from the instructor, students were permitted to 
revise and resubmit lessons. Over the duration of the course, lessons integrated more engineering 
into the lessons. Using a simple word count, the average mention of engineering increased from 
0 on the first set of lessons to 14 on the last set.  
 
Various sections of the lesson plans were populated with references to engineering. For example, 
under “Lesson Objectives”, one participant listed “Students will learn how to use the engineering 
design process to solve a problem. Students will learn that engineering involves using their ideas 
and knowledge to solve real-world problems.” [D.B.; 6/5/2011]* Participants also listed possible 
difficulties students may face when engaging in the engineering part of the lesson: “Students 
may have difficulty applying the engineering design process, rather than just employing a trial 
and error strategy.” [D.B.; 6/2/2011] Another example is the integration of homework problems 
that participants listed in their lesson plans. For example, one participant listed the following 
questions for his students to consider after designing a roller coaster: “Did your design work 
according to the plan you developed the day before? What adjustments did you make? Why? (Be 
specific.) How does this fit in with the engineering process? Do you think real engineers make 
mistakes or ever need to redesign something?” [T.S.; 6/15/2011] 
 
The goals of the course were to (1) enhance pre-service teachers’ understanding of engineering 
and (2) support pre-service teachers as they design engineering-based lessons for their future pre-
college classrooms. Preliminary data show that students enhanced their understanding of 
engineering and were able to design engineering-based lessons for the physics classroom. Future 
work includes following the pre-service teachers to track if they integrate engineering into their 
pre-college classrooms.  
 
The Engineering Education: High School Physics course was the first course jointly designed by 
the School of Engineering and Graduate School of Education at Rutgers. Because of positive 
feedback from the students, we aim to develop more opportunities for integration of engineering 
into the science and mathematics teacher preparation programs.  
 
 

                                                 
* Notation identifies data source as [Student Initials; Date of Homework Submission] 
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