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ABSTRACT 

     Case studies indicate that embedding learning in meaningful context can attract and 

retain a broader range of students to STEM careers.  This action research project assessed 

the impact of project-based-learning and engineering design on 22 high school physics 

students. Female students showed strongest growth.   The biggest impact for all students 

was an increase in the belief that students are successful in science due to their effort.   
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INTRODUCTION AND BACKGROUND 

Purpose and Background  

     My action research project studied the impact of a project-based learning (PBL) and 

collaborative engineering design on my physics students with a close look at the impact 

on my female students.  I chose to focus on engineering design because engineering 

design is newly emphasized in my district and the Next Generation Science Standards 

(NGSS) (Next Generation Science Standards, 2014).  Therefore I needed to learn how to 

most effectively integrate engineering design projects into my classroom, and my 

classroom has implications for integrating engineering design at the school, district and 

national levels.   

     The focus on gender is an important part of my reflective and reflexive practice.  I was 

the top-performing student, male or female, in my high school physics class, and yet I 

never felt I had the hand's-on, intuitive grasp of the concepts that would confidently allow 

me to pursue a degree in physics or engineering.  My experience is mirrored by female 

university physics students across the nation: while their grades and test scores match 

their male counterparts, they consistently under-perform their male counterparts on tests 

of conceptual understanding (Docktor & Heller, 2008). I wanted to know, at least in my 

classroom, if I could offer hand's-on challenges that would engage my female students 

and help to close the conceptual gap.  On the national level, if we can find a more 

consistent path to attract and retain female students in Science, Technology, Engineering 

and Mathematics (STEM) fields, we can meet demands for technically trained workers 

and more women will have access to high paying technical jobs (U.S. Department of 
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Commerce, 2011). 

Research Question  

     Students enrolled in high school physics courses have a variety of goals.  As a female 

teacher of physics and action researcher, I investigated the goals that underlie my 

students' pursuit of physics.  In addition, I investigated whether my treatments provided a 

collaborative, transformative educational experience that improved students’ abilities and 

desires to conceptualize and do physics. 

     The primary question of my action research: 

What is the impact for high school physics students if project-based learning and the 

engineering design cycle are utilized?   

Subquestion 1: What is the impact on student attitudes? 

Subquestion 2: What is the impact on future academic and career choices? 

Subquestion 3: How is the impact dependent on gender? 

Subquestion 4: What is impact on the teacher?  

Support Team 

     I have 4 members on my support team.  First, I asked a science teacher from my 

school who is also an Master of Science in Science Education (MSSE) student at 

Montana State University. I value his input both on content and pedagogy even though 

we have somewhat different teaching styles. Second, I have a student who is acting as my 

Teaching Assistant TA for physics this year.  He has a strong background in science and 

psychology and is a member of our Future Educators Association. My husband provided 
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valuable editing for grammar and clarity.  My assistant principal and a special education 

teacher who collaborates with me complete my team. 

CONCEPTUAL FRAMEWORK  

Theoretical Foundations 

     Situated cognitive theories of learning state that we not only need to be concerned 

about the knowledge that students develop but also about the context in which they 

develop the knowledge and how it impacts their identity as someone who does science  

(Brickhouse, 2001).  Research in the United Kingdom suggests that it is more critical for 

female than male students to have learning that takes place both in a social setting that is 

supportive and also in a hands-on context that is meaningful to them. Female students, 

regardless of their academic success, are less likely to persist in physics and are less 

likely to feel self-efficacious (Hollins, M., Murphy, P., Ponchaud, B., & Whitelegg, 

2006).   

     In the 1990’s Sheila Tobias published a set of case studies that indicated students that 

were capable of pursuing science were not doing so because it was taught in a way that 

they did not find meaningful.  She made a compelling case that science education at that 

time was only successful in creating scientists that felt science was inherently interesting 

and it was not designed to create scientists motivated by science’s broader social 

implications (Tobias, 1990). 

     Nearly a century old, it is John Dewey's pragmatism that provides a way forward.  

Dewey is often used to support student-generated ideas or hands-on learning.  It is 

important to understand that while Dewey's model of transformative learning includes 
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hands-on and student-centered learning, these elements are insufficient for transformative 

learning. Dewey's Art as Experience has been studied for its implications in the science 

classroom.   Dewey describes a development of ideas through anticipation; anticipation 

shapes students’ actions as they imagine what may or may not be and then leads to the 

development of new ideas and actions.  The teacher cannot lay out a step-by-step 

transformative experience for students but can evoke one. The teacher can provide an 

environment where students unfold their own drama of ideas leading to action and 

leading to new ideas (Dewey, 1934 as cited by Wong & Pugh, 2001). In my AR, I needed 

to use a model of instruction that sets the stage for transformative learning.  

Direction 

     Dewey's cyclic process of transformative education shares traits in common with the 

engineering design process. A guide produced by the National Science Foundation 

describes engineering design challenges as an ill-defined problem solved within a Project 

Based Learning (PBL) context. The nine-steps of the engineering design process asks 

students to define the problem, research the problem, develop solutions, select a solution, 

design a prototype, test and evaluate the solution, communicate the solution, and 

redesign. The redesign phase asks you to cycle back through the one or more of the prior 

steps. The guide discusses the importance of students following their ideas and being 

allowed to work through the process even when their original design will clearly, to the 

teacher, result in failure.  They support the efficacy of the hands-on activity of the student 

not in creating a successful product the first time, but in transforming the thinking of the 

student. Even though the student is solving the problem the teacher has a critical role.  
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The teacher needs to ensure that the problem selected is one that intrigues students, that 

students have appropriate tools to choose from and that the teacher asks questions that 

ensure their solutions will be the result of sound mathematical and scientific reasoning 

(Householder & Hailey, 2012). 

     A study in Denmark addressed the impact of an interdisciplinary PBL curriculum on 

all students and particularly on female students.  The researchers aggregated many 

international studies suggesting the benefits of PBL for all students.  Among them, on the 

individual level are a deeper more critical understanding of science concepts, greater 

interdisciplinary skills, communication and collaboration skills and development of a 

professional identity. On an institutional level PBL lowers dropout rates and increases on-

time completion of work. Most germane for my research were the study’s findings on 

gender.  They examined more than 10,000 engineering students at a Danish University 

over seven years and determined that a five-year curricular commitment to PBL had a 

more pronounced positive effect on the recruitment and retention of women (Du & 

Kolmos, 2009). 

Methodology 

     To assess the impact of an engineering design challenge on students' understanding of 

concepts, the Force Concept Inventory (FCI) developed by David Hestenes has been used 

with defensible validity for many years (Hestenes & Halloun, 1995).  The FCI had 

already been administered to more than 10,000 students in 1995 and the authors have 

developed values of expected growth in both traditional and interactive engagement 

courses. In an analysis of FCI results for over 6000 students, traditional instruction 
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correlated with FCI normalized gains of 0.23±0.04 while interactive engagement methods 

correlated with normalized gains of 0.48±0.14 (Hake, 1998). The FCI measures students’ 

conceptual knowledge in Newtonian Physics.  My first treatment covers Newton’s Laws 

and my second treatment, the engineering design challenge, fits in the bridge between 

force concepts and energy concepts. 

     In alignment with the theories of situated cognition, it is important to measure shifts in 

student identity orientation toward physics through the engineering design challenge. In 

1986, a group from the University of Michigan developed an 81-question instrument 

called the Motivated Strategies for Learning Questionnaire (MSLQ).  In 1991 they 

published survey results for 380 Midwestern college students.  In the report, they 

correlated students’ responses on each question with the ability of that response to predict 

science course success.  The subset of questions that had the greatest predictive 

correlation was the questions related to self-efficacy (Pintrich, P.R., Smith, D.A.F., Garcia, 

T., & McKeachie, W.J., 1991). The questions regarding self-efficacy were: 

5. I believe I will receive an excellent grade in this class. 

6. I'm certain I can understand the most difficult material presented in the readings for 

this course. 

12. I'm confident I can understand the basic concepts taught in this course. 

15. I'm confident I can understand the most complex material presented by the 

instructor in this course. 

20. I'm confident I can do an excellent job on the assignments and tests in this course. 

21. I expect to do well in this class. 
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29. I'm certain I can master the skills being taught in this class. 

31. Considering the difficulty of this course, the teacher, and my skills, I think I will 

do well in this class  (p. 14).  

     The study results show correlation and not causation; students may have feelings of 

self-efficacy due to a high level of skill, therefore they are successful because they are 

highly skilled not due to their feelings of effectiveness.  However, the subset of questions 

suggests an avenue of research: if a teacher can increase students’ feelings of self-

efficacy through project-based learning, this may increase the probability of success in 

future science courses.   

Other Considerations 

     Impact of Instructor Attributes: A female teacher of physics may be tempted to 

consider instructor gender and the possibility that having a female instructor may provide 

a role model that increases the performance of female students. Two reasons emerge that 

discourage such a research topic.  First, the data doesn't support this outcome as studies 

suggest that having a female instructor reduces the performance of female students in 

math and science and their likelihood to take further STEM courses (Hoffman & 

Oreopoulos, 2007; Price, 2010). The negative correlation is strongest in biology and 

physics (Bettinger and Terry Long, 2005 as cited in Price, 2010). Secondly, instructor 

gender is an appropriate topic for policy research but not practical for teacher-initiated 

classroom research. Since instructor gender is not a variable that I can control, it is not 

useful to study this variable in relation to PBL.  More instructive is the focus in Hollins, 

et al., 2006.  Consider the following two findings,   
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A major influence on students’ attitudes to physics is the teacher-student relationship, 

particularly for girls. A positive attitude is associated with a supportive personal 

relationship… Students, particularly girls, value teaching approaches that give them 

responsibility for their learning, and the chance to make decisions and think for 

themselves (p. 16).  

     As a female teacher researcher, I can ask, “Through PBL and the engineering design 

process, am I forming the correct relationships and fostering independent decision 

making to increase student satisfaction with and achievement in physics for all students?”  

     Impact of Stereotype Threat: Research suggests that students will under-perform when 

they identify themselves with a group that is perceived as weak or underrepresented.  The 

theory is that they fear that their performance will confirm the stereotype of their 

subgroup and anxiety leads to lower performance. (Smith & Hung, 2008) The practical 

implication for the teacher researcher in physics is that telling female students their 

performance, as females, is being studied could lower their achievement. It is important 

that my students have informed consent for data collection.  However, for the data to be 

free of stereotype threat, it is inadvisable for me to disclose questions related to gender.  

     As a result of the literature review, I had confidence that my treatment has a strong 

probability of success with my population of physics students and with my subgroup of 

female physics students. Studies support contextualized PBL as a treatment that enhances 

student learning and student enjoyment of learning for all students and particularly 

female students. An engineering design challenge provides PBL that supports the Next 

Generation Science Standards focus on engineering.  These practical findings are well 
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grounded in the theoretical work of Dewey and of situated cognition theorists. I had two 

possible instruments to measure my results and discovered two precautions:  I should not 

focus on my gender as a factor but rather on the quality of relationship formation with my 

students and I should not reveal the gender sub-question to my students to avoid the risk 

of reducing their performance.   

METHODOLOGY 

Treatment 

     One of my treatments engaged my students in a two-week engineering design 

challenge to design and build a mini-parachute that maximized drop time and air 

resistance and minimized the kinetic energy on impact.  An engineering design challenge 

provides students with a poorly defined problem so that they must do research both to 

define the problem and generate reasonable solutions.  The engineering design process is 

a cycle that includes 9 steps (See figure 1).  

 

Figure 1. Engineering Design Cycle (Householder and Hailey, 2012, p. 11).  
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The engineering design challenge that I presented is a modification of a challenge 

presented in the supporting materials for my textbook (Serway, Faughn, & Holt, 2012).  

In step 1 of the process I present the challenge: using only the materials provided create a 

parachute that maximizes airtime for a specified drop.  But the challenge doesn't define 

the problem and the constraints.  Students needed to think realistically about the 

materials, masses, dimensions, drop zone, etc. so they can specify the constraints of their 

task.  Step 2, research, is an important one for the teacher to foster.  Originality and 

creativity are only valued as they are supported by research showing how others have 

completed similar tasks.  Step 3, develop solutions and Step 4, select a solution, often run 

together: some students have a hard time generating many possible solutions.  Often 

students tend to shortcut the brainstorming process, generate only one solution and rush 

to construction.   Their failures have value but ultimately it is important to train students 

to research, reflect and select a solution that is most likely to succeed.   Even if a design 

is very carefully selected, students may find that once they have a prototype that it is not 

successful.  Students often discover that they did not fully understand the constraints and 

variables present in the situation.  For example in the parachute design challenge some 

students found that they overvalued an open chute and surface area and undervalued 

balance and stability.  As students test and evaluate their solution (Step 6), data collection 

becomes critical.  Students need to record specifications and results and communicate 

them (Step 7) in a way that would be clear to an engineer engaged in a similar task but in 

a different location. Step 8, redesign, leads students back through the cycle if they haven't 
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cycled back earlier.  After a few or many trips through the cycle, a design is finalized at 

Step 9. 

      The teacher has a critical role in motivating student interest in the challenge and 

ensuring that student solutions are well-documented results of solid scientific and 

mathematical problem solving rather than simply tinkering.  I built in incentives for 

collaboration within and between groups to maximize student interdependence.  

     Google Apps provided an important technological structure for the project.  Groups of 

three to four students collaborated on a common Google document that details each step 

of their implementation of the engineering design process.  Students recorded all 

technical specifications and parachute prototype trial data in a Google spreadsheet.         

     Throughout the project I provided students with electronic comments that helped them 

refine their thinking and push it in mathematically and scientifically sound directions.  I 

used intermittent formative assessments by asking students to complete Google forms.  I 

used the results of the formative assessments (Appendix A) to provide whole class, small 

group and individual instructional activities to address student misconceptions or gaps in 

understanding.  As a culminating activity, we had a competition drop where the winning 

parachute had the maximum average drop time.  The competition data was analyzed on a 

common class-wide Google spreadsheet that helped students evaluate the success of their 

solution when compared to the solutions of other groups. 

     The engineering design challenge was an opportunity for students to integrate many 

previously covered topics such as introductory topics of precision and measurement, 

kinematic topics like position, velocity and acceleration, and force concepts including 
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free-body diagrams, net forces, and air resistance.  The challenge served as an 

introduction to the concepts of potential energy, kinetic energy and work. Students also 

had the opportunity to grapple with advanced topics such as turbulence, stability and 

aerodynamics that are beyond the scope of the course. 

     Prior to the engineering design challenge in December, I used a smaller free-body 

diagram project in late November/early December to help introduce the engineering 

design cycle and project-based learning. Students became familiar with the engineering 

design cycle while selecting a topic for and executing a photo/video project on force 

vectors. I used a very similar rubric to assess both projects (Appendix B and Appendix C) 

so that students are familiar with the format.  I will refer to the free-body diagram project 

as treatment 1 and the engineering design challenge as treatment 2 in my data analysis.  

     Treatment 1, the free-body project took place primarily outside of class.  The project 

was launched during one class period with some time for students to brainstorm in small 

groups. In each class during treatment 1, some reference to the project was woven in: 

Some days we only discussed how the days topic, for example why inertia is not a force 

or net force and acceleration vectors, fit the context of their projects. Other days we did 

formative assessments to check their progress and introduce the engineering design 

process.  During treatment 2, each class started with a warm-up, brief instruction to help 

support the documentation or data analysis for their projects, and then the rest of the class 

time was devoted to project work time with small groups of students researching, 

discussing measuring, constructing and testing.  Students had free access to materials to 

build and measure, and I circulated to monitor group interactions and to ask questions to 
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push their scientific thinking.  During the second project, I commented their online work 

daily outside of class to set targets for what should be completed during the next class 

and to remind them of deadlines. 

Instruments 

Table 1 summarizes my data collection methodologies. 

Table 1 

Data Collection Methodologies 

 Interviews Surveys Student 

engagement 

tally sheets 

Student 

Work 

Samples 

Formative 

Assessment -

CAT's 

Force 

Concept 

Inventory 

(FCI) 

Teacher

-made 

tests 

Teacher 

Journal 

What is the impact for 

high school physics 

students if project-based 

learning and the 

engineering design cycle 

are utilized?   

 

 

 

 

 

✔ 

 

✔ 

 

✔ 

 

✔ 

 

✔ 

 

✔ 

Subquestion 1: What is the 

impact on student attitudes 

 

✔ 

 

✔ 

 

✔ 

     

✔ 

Subquestion 2: What is the 

impact on future academic 

and career choices 

 

✔ 

 

✔ 

 

✔ 

 

 

    

Subquestion 3: How is the 

impact dependent on 

gender? 

 

✔ 

 

✔ 

 

✔ 

 

✔ 

 

✔ 
 

 

✔ 

 

✔ 

 

✔ 

Subquestion 4: What is 

impact on the teacher? 

       ✔ 

 

     The conceptual impact for all students and especially female students will be 

measured by four methods.  I used the Force Concept Inventory (FCI) prior to the project 

in Early October and after the completion of the project and a unit on Circular Motion in 

February as one measure of student conceptual growth.  My goal was to see if there is a 
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reduction in any gap between male and female students. Formative assessments, Pre- and 

Post-Treatment Chapter Tests and student work samples helped correlate the growth to 

the engineering design challenge.  Student interviews and surveys brought this 

quantitative data to life: they helped me understand to what students attribute their 

conceptual growth.   

     Teacher-made tests provided a data point to support or contrast with the FCI.  My 

experience last year was that male students outperformed female students on the FCI but 

not unit tests so I wanted to see if improvements on the FCI correlate with improvements 

on unit tests. 

     The impact on students' attitudes and future academic and career considerations were 

measured for all students through surveys (Appendix D) and in-depth for a sample of 

students through interviews (Appendix E).  My survey and interview both were focused 

on subquestion 1: What is the impact on student attitudes? and subquestion 2: What is the 

impact on future academic and career choices?  I disaggregated the data to help me 

answer subquestion 3: How is the impact dependent on gender? 

     Before I could assess impact I needed a baseline.  Both the survey and the interview 

addressed the same subquestion; however my survey addressed the question 

quantitatively and my interviews were in depth with a sample of students.  I felt that an 

interview was more appropriate for my questions regarding past science experiences at 

school and with family and friends. 

     I surveyed one class comprising all 22 of my physics students.  Table 2 shows a 

demographic breakdown of my students. 
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Table 2 

Demographic Information, N = 22 

      

     I teach physics to a mix of American and International 10th, 11th and 12 grade 

students at Naples Middle High School in Southern Italy. Students come from public and 

private schools in the United States and throughout the world. 18% of my students have a 

home language other than English. Most students only attend our schools for 3 years. 

     Due to the small sample of female students, I predicted that I would need to see a 

numerically large difference in their averages on attitudes and career plans to show 

significant difference between genders or significant growth for my female students. 

Each of my sections of Likert items has four questions.  This provided me with 88 data 

points for each student on future academic and career considerations and 88 data points 

on confidence toward doing science.  I calculated a mean and standard deviation for both 

my pre- and post-treatment survey. I did a paired difference test to see if my students, and 

the subgroup of female students, responded more positively after the treatment.  

     The data was initially stored on my school Google Drive, but after students took the 

survey, I transferred the data to my personal and school computer and delete the copy that 

was on my Google drive. 

     I interviewed a sample of ten students, five female and five male students.  While 

female students are approximately one-third of my physics class, the disproportionate 

sample of female students provided greater insight to answer my subquestion on gender.  

I used a random number generator to select five students of each gender to interview.  In 

Gender Juniors Seniors Minority SPED Home language not English ELL 

Male -15 10 5 4 1 4 1 

Female - 7 5 2 0 0 0 0 
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addition I selected an English language learner, as this subgroup is always a small 

subgroup in my physics class with different needs and learning outcomes.  

     My post-treatment survey included all of the questions from my pre-treatment survey 

as well as a variety of questions about the conceptual and practical impact of the 

treatments.  In addition, I sought feedback about other non-treatment aspects of the 

physics course.  It also included open-ended questions asking students to comment on 

each treatment and to suggest changes to the course.   

     Validity and reliability were addressed as all of the paired questions on my pre-and 

post survey were tested by my peers in my MSSE course and edited after suggestions 

from my project advisor.  My pre-treatment interview questions were piloted with my 

physics students in 2013-14 while my post-treatment interview questions were tailored to 

probe for information based on students’ post-treatment scores and survey response.  

     I applied for and received an exemption for my research from the Institutional Review 

Board for the Protection of Human Subjects at Montana State University (Appendix F). 

My data was collected from October of 2014 until March of 2015.  

Timelines 

     Most of my data was collected in November and December during the two treatments. 

Table 3 below shows how data collection was spread through the first semester. 
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Table 3 

Data Collection Timeline 

Interviews November and January.  Pre-project and post-Project. 

Surveys October and January. 

Student engagement tally sheets During the project in December for two class periods. 

Student Work Samples During the treatments in November and December.   

Formative Assessment -CAT's Once in November. Weekly to biweekly in December.  

Force Concept Inventory (FCI) October and March.  Pre-Test and post-Test. 

Teacher-made tests October, November and January. 

Teacher Journal 3-5 times per week in November and December. 

    Table 4 shows a timeline for the support from my team. 

Table 4 

Support team timeline 

Item for Critique Deadline Format 

Research questions and treatment October 1 by e-mail/face-to-face 

Survey/interview questions checked 

for clarity and bias 

October 15 e-mail 

Review of formative assessments 

and data collection procedures 

November 7 face-to-face 

Review of formative assessments 

and data collection procedures 

December 1 face-to-face 

Mid-treatment meeting December 8 face-to-face 

Data Review March 1 e-mail/face-to-face 

Capstone First Reading March 15 e-mail/face-to-face 

 

DATA AND ANALYSIS  

 

     For subquestions 2 and 3 I looked at the impact of treatments on students attitudes and 

their future career and academic considerations.  For survey data, I calculated a mean for 

each item by converting my Strongly Agree/Strongly Disagree scale to 5 to 1.  
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Figure 2. Stem eagerness, (N = 21). 

  

     In October, my students generally felt good about their science preparation and the 

majority of them planned to pursue a STEM career. However, eagerness to take physics 

in college was the weakest data point.  Post-Treatment I examined the distribution of 

responses to the statement; “ I look forward to taking physics in college.” 
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Figure 3. “I look forward to taking physics in college”, (N = 19). 

      

     I found that the distribution of responses changed with more students strongly 

agreeing and an additional student disagreeing while the average increased only slightly 

from a mean of 2.9 to 3.1 and this increase was not statistically significant, t(34) = 0.402, 

p < .35. 
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     When I examined the pre-treatment survey data, I found one notable difference in 

attitudes with regard to gender (figure 4). 

     In October, my male and female students rated themselves nearly identically in all 

areas of scientific confidence except the likelihood that they would take a leadership role 

in a lab or project.  Here I was surprised to discover that my female students rated 

themselves higher.  I performed a t-test for difference of means and found this difference 

to be significant, t(20) = 1.85, p < .040. I needed to think about what this meant for my 

engineering design treatment.  I had hypothesized that an engineering design challenge 

would provide more engagement for my female students, but from my students’ 

perception data my female students are more likely to jump in and take leadership in 
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traditional labs.  This matched my observations of the female students in this year’s 

physics class. 

     In general, when comparing the distribution of students’ eagerness to pursue 

science and scientific confidence, figure 5, I saw a change similar to that seen in 

eagerness to take college physics; a slight shift upward with no significant change 

in mean. 

 
Figure 5. Science attitudes pre- and post-treatment, (N =19). 
   

     I did not see a major change in the distribution of students future career plans pre- and 

post-treatment as shown in figure 6.  Two male students who have been less successful in 

class removed STEM career choices from their post-treatment responses in favor of a 

military career choice. However, I did have two male students who showed significant 
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Post-treatment one student listed plans to be an engineer and the other listed plans to 

work in the space industry.  

 
Figure 6. Future career plans, (N = 18).   

     The junior student who listed plans to pursue a space career was in my interview 

sample.  He attributed the change to his experience in physics this year.  His eagerness to 
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struggled with the project at the time, the free-body diagrams were the most important 

concept he had learned in the course thus far.  He also achieved a perfect score on a 

conceptual formative assessment just following treatment.  
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during a third post-treatment project-based learning assessment he finally mastered data 

analysis with a spreadsheet.   

     On the pre- and post-treatment I asked my students to state their agreement with the 

statements, “Students are successful in science due to their talent.” and “Students are 

successful in science due to their effort.”  The average response to the talent statement 

was neutral with no significant change in student response over the course of the 

treatments, t(32) = 0.160, p < .44.  Prior to treatment the female students had a more 

uniform agreement, (M = 4.1, SD = 0.38), to the statement, “Students are successful in 

science due to their effort,” than did the male students, (M = 3.8, SD = 1.15).  Also there 

was a significant change over the course of the treatments in students response to the 

effort statement with students shifting from agreement to strong agreement, t(32) = 2.11, 

p < .022. During the course of treatment my physics students had a significant shift 

toward belief that effort is what makes you successful in science.  Research suggests that 

shifting students mindsets from a belief in fixed talent to a belief in ability to grow can 

have a significant impact on achievement (Dweck, 2006). 
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     To measure conceptual growth pre-treatment to post-treatment, I analyzed student 

growth on the FCI, figures 7 and 8, and students grades on chapter tests pre- and post-

treatment, figure 9.      

           

     The difference between genders on the FCI was striking; prior to treatment the male 

students out-performed the female students.  After treatment the female students 

outperformed the male students. Also the female students had a normalized gain score of 

0.42.  Female gains are consistent with the gains found in studies of active engagement, 

0.48 ± 0.14.  In contrast the male students had normalized gain scores of 0.19.  This is 

consistent with the gains expected in traditional lecture based courses, 0.23 ± 0.04. 

     The results in figure 9 of the pre- and post-scores on chapter tests showed this same 

relationship.   
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Figure 9. Average scores on chapter tests, (N = 21). 
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Figure 10. Pre-Treatment correlation exam grades and eagerness to take college physics, (n = 13). 

 
Figure 11. Pre-Treatment correlation exam grades and eagerness to take college physics, (n =7). 

 
    Prior to treatment, both male and female students showed no correlation between their 

exam grades and their eagerness to take college physics.  
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     Post-treatment, however, male students continued to have a low correlation, while 

female students eagerness to take physics in college was highly correlated to their 

classroom success. 

 
Figure 12. Post-Treatment correlation exam grades and eagerness to take college physics, (n = 

13). 

 
Figure 13. Post-Treatment correlation exam grades and eagerness to take college physics, (n =7). 
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     In figure 14, my analysis of the correlation between eagerness to take physics and 

normalized gain on the FCI echoed the results of my classroom assessment. 

 
Figure 14. Post-Treatment correlation FCI gain and eagerness to take college physics, (n =7). 

 
     In general my data indicates that for my female students as they gain conceptual 

knowledge, this knowledge translates into eagerness to pursue physics in college while 

no correlation is found for my male students.  What remains to be shown is whether or 

not my treatment is a co-factor in the correlation. To explore this correlation more deeply, 

I looked at my interview and survey data for my female students.  
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female students improves their performance in general as they are more actively engaged 

at all times not just during the project-based learning treatments.   

     Of note and strengthening the correlation, the female student who showed the least 

growth in eagerness to take college physics, and was my only student to show a decrease 

in her FCI score, was also my student least engaged in both treatments.  In each project 

she had complaints from a partner that she was not contributing significantly and in the 

second treatment participation log completed by myself and my assistant principal, I 

recorded that she spent less in class and out of class time engaged in hands-on building, 

research and collaboration.  

     Two female junior students in my interview sample had an increase in their eagerness 

to pursue college physics and high FCI normalized gains of 0.87 and 0.65.  They gave 

very different reasons for their gain in confidence and conceptual knowledge.  One 

student credited her improvement to virtual labs and activities pulled from physics 

classroom.com (Henderson, 2015).  She was fairly indifferent to the projects citing 

frustrations with having to work with others and that she didn’t like that the numbers 

were less easy to work with than the number on exams.  The other credited her 

improvement to hands-on activities in general, “I just found that this class is really fun 

and the concepts do apply to real-life,” and also to the relationship that she had built with 

her instructor. She stated, “Your teaching: you explain things in a way I can understand. 

…I am confident that I can succeed in projects because I have had you before and I know 

what to expect.” 
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      The theme of instructor relationship recurred throughout my interviews without 

regard for gender. A junior boy whose confidence and conceptual understanding have 

both grown stated, “part of the reason is definitely having a teacher who if you have a 

question, they don’t treat you like you are slacking off and not paying attention for not 

knowing –just a generally positive environment.” Of the students in my interview sample 

who showed high growth, all but one mentioned having an instructor who is willing to 

help as an important factor in their confidence. 

     Both of my treatments involved project-based learning and were opened ended but 

they also differed in some significant ways.  The first treatment, the free-body project, 

took significantly less class time and allowed students to make a very personal choice of 

activity and of group or individual completion. The second treatment, the STEM 

parachute project happened almost completely in class, although all but two students 

spent at least 2 hours in my classroom working on their parachutes outside of class time. 

Figure 15 compares students’ feelings about the two projects. 
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     Students felt strongly that both projects helped improve their conceptual 

understanding and test grades.  However, students felt more strongly about the impact of 

the first treatment than the second.  I asked students to reflect, “How did you feel about 

completing the free-body project to assess your understanding of forces? Would you 

prefer a test?  Explain.”  All but two of the students stated that they strongly preferred the 

project to a test. This was true for students of all achievement levels: A Senior girl who 

earned an F on the Chapter 3 Exam stated, “I liked the project so much more. This was 

hands-on and made me work for my answer not just telling me I got it wrong and getting 

a bad grade I could make sure everything was perfect.” 

     A junior boy who earned a high A on the Chapter 3 test stated, “Not only did I greatly 

enjoy the project, but I feel as if it has assessed and furthered my knowledge more so than 

a single assignment in science has ever before. I would certainty not prefer a test, because 
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there is no opportunity to learn and grow during test. Also, in a test there is no way to put 

in extra time to make it spectacular or to add creativity.  The lab was great!” 

     A few students noted that even though they felt the project was preferable they would 

like a test on the material as well because they felt that the project did not ask them to 

apply their mathematical skills; this is a concern I shared and ultimately lead to my 

decision to give a chapter 4 exam. 

     In my interviews, all but a female junior stated that the free-body project improved 

their conceptual understanding and confidence.  Student response on the STEM parachute 

project was more mixed.  For most of them this was a first exposure to the engineering 

design process and they were surprised by how much time it took to come up with and 

build a design, how often they needed to rebuild and how careful they had to be if they 

wanted to improve their time.  One senior girl commented, “I think that maybe I am 

confident that I could do better if I tried again but my design didn’t make me very 

confident.”  A top achieving junior student stated, “My confidence dropped and rose 

because we went through several failed prototypes before we got one that actually 

succeeded but once we got one to succeed it helped a lot conceptually.”  

     Each day I rated in my journal how successful the class was in building student 

confidence.  My rating of the classes during each treatment also showed less gain in 

confidence during the second treatment.  During the first treatment, I rated the classes as 

4.5 (out of 5) in terms of success in building confidence.  During the second treatment, I 

rated the classes at a 4.2 in terms of success in building confidence. Most notably, I rated 

my success in building confidence at a 3 the night before the launch: “I am exhausted.  I 
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had all but two female students from different groups come to seminar to work on their 

projects today.  They were doing mostly building, testing and small modifications.  The 

atmosphere was supportive but also somewhat tense as only small improvements are still 

to be made and a few groups made adjustments that made their time worse.  One group of 

all female students tested 45 times in total--focusing in on their consistent drop technique. 

Three groups continued testing 45 minutes after school ended with an additional group 

testing and modifying for 1.5 hours.” 

     My journal reflected my agreement with students that the second treatment would 

have less effect on the Chapter 4 test: “Even though balanced forces was a part of the 

project - I think that what students learned was much more about the air pressure, 

stability surface area, mass and ratios, design, data collection and documentation than 

about forces.  I was hoping for some discussion of string tension forces and chute 

inflation in terms of Newton's Third but I did not find this.” 

     My journal had 17 entries: three entries prior to the first treatment, seven entries 

during the first treatment and six entries during the second treatment.  I looked in my 

journal at the type of student-teacher interactions before and during each treatment in 

figure 16.  The conceptual and grade interactions are not the normal interactions that 

occur about concepts during physics class; they are interactions that are initiated by 

students outside of class time. 
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Figure 16. Student initiated interactions with teacher, pre- and during treatment. 

 

     On each day prior to the project, I had interactions about grades.  I had one conceptual 

interaction one day prior to the project.  However this was with a girl who cried because 

she thought that she had understood everything for the test but had not understood how to 

do the last problem on the test.  She got all the other answers on the test correct but was 

focused on what she didn’t understand. 

     On six of the seven days during the first treatment, students approached me in the hall 

or after school to discuss their projects.  I also noted increased student to student 

interaction about physics during the project; on December 3, I wrote, “I had two students 

arguing intensely about the applied force for their project and whether it was sustained 

after the push off. I hope this level of involvement leads students to sustain their 

knowledge of forces.” 
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     During the second treatment, the student-initiated interactions were multiple and daily.  

Students were very invested in making the best parachute and winning and I had to be 

careful to not give any group too much advice.  One group was so focused on rebuilding 

for a winning parachute that they failed to focus beyond the design to document their 

research and analyze their data. It is interesting that this group of three male students had 

a very low average FCI normalized gain of 0.06 and an average score of 46% on my post-

treatment chapter test.  

INTERPRETATION AND CONCLUSION 

 

     My data suggests that project-based learning and the engineering design project had a 

measurable impact on my students, me as a teacher and our classroom environment.  

Subquestion 1 asked, “ What is the impact on student attitudes?” The most notable 

change in student attitudes was the increase in students’ belief that they are successful 

due to their effort.  As seen in figure 15, more than 75% of students agreed or strongly 

agreed that each treatment had improved their conceptual understanding and successfully 

prepared them for the traditional assessment.  It is worth noting, however that students 

felt more confident about the conceptual preparation from treatment 1 than from 

treatment 2.  I think that this is because the open-ended nature of treatment 2 functioned 

as more of an eye-opening exposure to the engineering design process that students were 

more likely to describe as challenging and fun than confidence building.  One senior boy 

who plans to study aeronautical engineering stated, “I really enjoyed this experience and 

believe that all physics students should partake in an experiment like this.”  My teacher 

journal data similarly described the impact of treatment 2 as more difficult to measure as 
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students engaged many topics that were beyond the scope of the course and not always 

the concepts that I envisioned. 

     Subquestion 2 asked, “What is the impact on future academic and career choices?”  

While my students in general had slightly more positive attitude toward science in their 

future academic and career choices post-treatment, the changes were not statistically 

significant.   In part this is because 75% of my sample had planned to pursue a STEM 

career prior to the treatment.  This compares to 20% of American High School students 

who choose to pursue a STEM career (STEM Education Statistics, 2014). 

     Subquestion 3 asked,  “How is the impact dependent on gender?”  The conceptual 

growth of my female students was the most striking finding of my action research. My 

female students, as seen in figure 9, started out with an average below that of my male 

students and ended with an average FCI score significantly above that of my male 

students.  Also for my female students, but not my male students, conceptual 

achievement correlated with eagerness to pursue physics in their future.  I am cautious, 

however, about attributing this impact to gender. As seen in my data, this particular small 

sample of 7 female students is also more likely to believe success is due to effort and 

more likely to take leadership in labs and projects.  The findings are consistent however 

with the research that states that female students are more likely to pursue science in their 

future that they find contextually engaging (Tobias, 1990; Hollins, et al., 2006). 

     By far the biggest answer to subquestion 4, “What is impact on the teacher?” was on 

the context in which I relate to my students. My interview sample consistently noted that 

a positive relationship with me, their teacher had a strong impact on their success.  At the 
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same time, most but not all students described the hands-on activities as most responsible 

for increasing their confidence in their ability to do physics.   

     As I noted in my teacher journal, figure 16, the quality and quantity of student 

interactions changed during the treatment period.  Prior to treatment, my interactions 

outside of class were primarily with struggling students in a cycle of reteaching and 

retesting.  Our interactions had contexts created by the textbook or me.  During the 

treatment cycle, I had interactions outside of class with students across achievement 

levels and around a context of their choosing. Not only did the percent of interactions that 

were conceptually rather than grade related triple, the actual number of interactions 

greatly increased.  These interactions gave my students a more favorable impression of 

me and they also allowed me to better know my students and differentiate for their 

interests. 

     While students attributed their learning to their positive relationship with their 

instructor, I do not think that this relationship would be as readily forged without 

respectful, student-initiated contexts created by the project-based learning and 

engineering design cycle.   

VALUES 

     The success of project-based learning in improving students attitudes and improving 

the conceptual understanding of my female students in particular will lead me to include 

a further embrace of project-based-learning to improve understanding and engagement 

throughout the year.  I also hope to share the model with my department and district as 

we move forward in the implementation of the Engineering Design Cycle in the NGSS.  I 
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would like to include an additional engineering design challenge so I can assess if 

students approach a new open-ended challenge with more confidence and sophistication. 

     The growth of my female students as measured by the FCI warrants further research.  

The findings that my female students not only experienced more growth, but actually 

surpassed their male peers is striking as it contrasts with research. A study of over 5500 

students at the University of Minnesota shows that even given context rich instruction, 

male students outperform female students by 13.4% in post-tests (Docktor and Heller, 

2008).  I will continue to disaggregate student growth by gender next year to see if the 

findings are consistent.   

     Because the most significant change in attitudes was an increase in the belief that 

students are successful in science due to their effort, I plan to survey my students at the 

beginning of the year about the growth versus fixed talent mindset.  I would like to 

research ways to increase the growth mindset for all my students even earlier in the year. 

    For me as an educator, my engagement with situated cognition has had the most 

impact on me.   I have come to value how students contextualize and feel about what they 

learn as much as what they learn.  This is a significant shift in my role as a teacher. I will 

continue to explore how I can embed more student generated contexts into my math and 

physics classes to help my students think of themselves as mathematicians and scientists.  

Project-based learning and engineering design challenges function not as fun add-ons to 

entertain students but as the foundation of helping students build a solid situated, 

conceptual knowledge of physics.  
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Interview Questions: 

Thank you for agreeing to participate in this interview.  I want you to know that your 

participation is voluntary in no way effects your grade in physics. If you do not wish to 

answer a question just let me know. 

PRE-TREATMENT 

1. Please describe your favorite memory from science in elementary school or if you 

can't think of one, describe your favorite learning experience in elementary school.  

Probe: This could be an activity done with after-school activity 

2. Same for middle school  

3. And high school 

4. Growing up do you recall doing science experiments or activities with your 

family or other non-school community members?   If so who did you do an experiment 

with and what was it? 

Probe: Think about birthday presents, activities on family vacations, museums, or 

outdoor activities 

5. Growing up do you recall an automotive, building, sewing or home-repair project 

with your family or other community member? If so describe who and what. 

Probe: Grandparent? When visiting other family, or club activity 

6. Do you and your family discuss science in the news, read science books or 

magazines together? If so, give an example.  If not, describe what you read and discuss? 

7. Have you discussed your physics class with someone not in the class in the last 

two weeks?  If so who and what? 

8. When you don't understand a science topic, who do you go too?  Is this the same 

person you seek out for other subjects? 

9. Is there additional information about your science background that hasn't come up 

that you might like to share?  

POST-TREATMENT 
10. Overall: Do you feel your confidence in understanding the concepts of future physics 

courses has increased, decreased or stayed the same? To what do you attribute the change? 

11. Rank your confidence in your ability to understand physics concepts on a scale of 1-5 

with five being the highest. 

12. Do you feel your confidence in doing an excellent job on projects in this class has 

increased, decreased or stayed the same? To what do you attribute the change? 

13. Rank your confidence in your ability to  do an excellent job on projects on a scale of 1-5 

with five being the highest. 

14. Do you feel that your confidence in doing an excellent job on tests in this physics class 

has increased, decreased or stayed the same? To what do you attribute the change? 

15. Rank your test taking confidence on a scale of 1-5 with five being the highest. 

16. Please comment on your memories of completing the Free-Body Project and the impact it 

had on your conceptual understanding of physics and your confidence in doing physics. 

17. Please comment on your memories of the presentations of the Free-Body Project and the 

impact it had on your conceptual understanding of physics and your confidence in doing physics. 

18. Please comment on your memories of completing STEM parachute project and the 

impact it had on your conceptual understanding of physics and your confidence in doing physics. 
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19. Please comment on your memories of completing the Free-Body Project and the impact it 

had on your conceptual understanding of physics and your confidence in doing physics. 

20. How would you change either project to improve the experience for students next year? 
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