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Abstract 
What is the impact on student learning when Modeling Instruction in high school 

physics is contextualized with environmental practica instead of traditional practica? 

The modeling method of physics instruction in secondary schools is widely 
accepted as a best practice for student achievement.   In practice, both modeling and 
traditional teachers often infuse their curriculum with traditional practica, such as 
mousetrap cars, bridges, and egg-drop contests. 

Although these practica are steeped in tradition, the potential exists to increase 
student engagement with new practica. Because research shows that students show 
interest and take responsibility for environmental issues, traditional practica were 
exchanged with environmentally based practica with the hope of increasing student 
engagement and performance.  Designed and aligned with modeling principles, the 
environmental additions were designed to be social and open-ended using guided 
inquiry.  

The results of this study suggest that students who participate in modeling-
oriented alternative energy lab practica, even when only tangentially related to physics, 
realize higher learning gains as measured by the Force Concept Inventory (FCI) in 
comparison to students who did not receive the treatment. 

 

 

Principal Investigator: Dr. Colleen Megowan-Romanowicz, Arizona State University 
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Rationale 

The construction of mousetrap cars, bridges, and egg drop containers are 
common features of high school physics classes (AAPT, 2010).  Regardless of teaching 
style, high school physics instructors regularly host mousetrap car, bridge, or related 
practica.   The materials for these practica are cheap and widely available.  In some 
cases, local high school efforts have flourished into international competitions (NDSC, 
2010).  However, disadvantages exist to such ubiquitous practica within high school 
curriculum.  For example, consider websites that exist to “help” students construct high 
performance mousetrap cars, including all parts, tools, and easy to follow directions 
(Doc Fizzix, 2011).  These cheats diminish the educational opportunities for students 
because students do not experience authentic learning. 

Although traditional practica such as mouse trap car contests result in positive 
experiences for some students, the potential exists to supplement traditional and 
Modeling Instruction methods with more relevant and engaging practica (Sokoloff, 
2007).  Research indicates that students feel that they are inheriting a hotter, more 
polluted planet, and take responsibility for environmental issues (PISA, 2006).  Thus, a 
physics class that provides an opportunity for students to explore these issues could 
engage the students more than traditional practica.   

This study explores the impact on student learning by exchanging traditional 
practica for environmental based practica by way of student performance on the Force 
Concept Inventory (Hestenes, 1992), comparing Lawson Test of Scientific Reasoning 
scores with FCI gains (Lawson, 2000; Coletta & Steinert, 2007), responses to excerpts 
of the Colorado Learning Attitudes of Science Survey (Adams, 2006), and examination 
of student reports using qualitative methods (Wiersma & Jurs, 2005; Brown, 1992, 
Lareau, 1989).  

Literature Review 
 

In 2007, the Organization for Economic Co-operation and Development (OECD) 
presented the results of a survey of more than 400,000 students from 57 countries 
comprising close to 90% of the world economy.  The annually conducted assessment, 
called the Program for International Student Assessment (PISA), ranks students 
internationally in math and science.  The targeted age group is 15 years old.  The focus 
was on science but the assessment also included “reading, mathematics, and collected 
data on student, family and institutional factors that could help to explain differences in 
performance” (PISA, 2006).  The results suggest that students feel “responsibility 
towards resources and environments” and recognize that there is “economic relevance”.  
Despite the recent surge of environmental focus, environmental attitudes have been the 
subject of decades of research, initiated in the 1970s (Bogner & Wiseman, 1999; Eagles 
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& Demare, 1999; Weaver, 2002; Rickinson, 2001).  Results of this assessment indicate 
that fifteen-year-old students show interest in environmental issues. 

           Maximizing student engagement is a priority for instructors in any field (Dewey, 
1913).  Research suggests that when a student has interest in a subject, the student 
demonstrates higher learning gains, which can be assessed by quantitative and 
qualitative measurements (Middleton, 1999).   Middleton and Megowan outline intrinsic 
and extrinsic motivation by distinguishing between two types of goals, “ego/performance 
goals” and “mastery task/goals” (Ames, 1992; Middleton & Toluk, 1999; Pintrich, 2003 
Megowan, 2007).  Ego and performance goals are broadly characterized as extrinsic 
because the student is concerned with looking good in front of the teacher or peers, 
whereas “mastery” goals are characterized by students completing work because it is 
interesting or otherwise engaging (Megowan, 2007). 

           As students are interested in environmental issues, it is reasonable to assume 
that students will be interested in environmental practica.  Ideally, practica should be 
interesting and relevant to students, and tap into their intrinsic motivations (Rice, n.d) 

Students enter secondary school with an “equal liking for biology and physics” 
(Williams, 2003).  However students’ interest in physics declines as they progress 
through secondary school, ultimately finding it “boring and irrelevant” (Williams, 2003).  
In addition, Williams found that in traditional physics instruction students “decreasingly 
see physics as able to contribute to environmental or medical problems” (Williams, 
2006).   Norma Reid, in “Attitudes Towards Physics”, found that students have a high 
interest in secondary physics when it is applications-oriented and is successful in 
“attracting and retaining pupils within physics, including girls”. The well-documented 
gender gap between the performance of male and female students in high school 
physics classes (Zohar, 2003, Lorenzo et al, 2006, Pollack, et al, 2007) adds 
significance to Reid’s gender inference.  Zohar describes how female students tend to 
score lower on tests (Zohar, 2003), and lack confidence compared to their male 
counterparts (Guzzetti et al, 1996, Guzzetti, 1998)).   

The Modeling Method of Instruction is an approach that focuses on developing 
students’ conceptual models that describe, explain and predict phenomena (Hestenes, 
1997).  Designated “Exemplary” by an Expert Panel of the U.S. Department of 
Education (U.S. Department of Education, 2001), workshops to train teachers are held 
nationwide and are generally taught by “peer leaders” in the areas of physics, math, 
chemistry, and physical science (Dukerich, Hestenes, Jackson, 2008). 

Modeling Instruction has improved student learning through added skill sets in 
science (Dukerich, Hestenes, Jackson, 2008).  These skill sets include group learning, 
parameterizing problems, developing a systematic approach to problem solving, and 
building, testing and applying conceptual models (Hestenes, 1997).  Modeling 
Instruction also fosters independent thinking (Wells et al., 1995) and students in a 
modeling classroom generally learn to respond to inquiry questioning with thoughtful 
solutions rather than regurgitation of the textbook or professor (Megowan, 2007). 
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Review of the literature suggests that there is a positive correlation between 
student interest and student learning. Furthermore, student attitudes toward physics 
decline as they take traditionally taught introductory courses.  The literature also 
suggests that students have interest and awareness of alternative energy topics (PISA, 
2006). It is possible to study student artifacts and assessments to determine the impact 
of using alternative energy practica on student learning. 

Methodology 
Well-defined methods exist to evaluate qualitative student work.  Designing 

experiments has unique challenges, and theoretical and methodological approaches for 
analyzing classroom settings have been developed (Brown, 1992; Wiersma & Jurs, 
2005).  Lareau provides a framework for qualitative analysis of student artifacts by using 
note cards to record data anecdotes and sort them into categories.  This method lends 
itself to a variety of analysis, including gender, mindset, and other salient information 
(Lareau, 1989). 

 
1. Research Context 

The participants in this study attend Key West High School (KWHS) in Key West, 
Florida.  KWHS enrolls approximately 1,400 students that are 63% Caucasian, 20% 
Hispanic, 13% African American, 2% students of mixed heritage in grades 9-12.  The 
number of students on free or reduced lunch represents 34% of the student body 
(Monroe County School District, 2010).  Research subjects comprise a “convenience 
sample” of three physics courses taught by the author. 

This research utilized Advanced Placement (AP) Physics B students and Honors 
Physics students, representing a total of 62 students in grades 11 and 12. There were 
two class sections of AP Physics B with a total of 28 students. The Honors Physics 
course was a much larger class, and consisted of 34 students by the end of the year. 

  Modeling Instruction was used for both the contrast and treatment groups; i.e., all 
students were taught using Modeling Instruction.  Modeling Instruction was chosen as it 
demonstrates higher learning gains compared to traditional instruction methods 
(Hestenes, 1992, 2000), and also provides a coherent framework for inquiry based, 
group learning (Dukerich, Hestenes, Jackson, 2008).  These essential skills are central 
to the open-ended, objective based practica introduced to the students. 

The lab practicum, as used in Modeling Instruction, is an activity that teachers 
use, typically in one class period, at the end of a two-week modeling cycle (i.e., unit) to 
assess how well their students have learned the concepts in that unit. It serves as a 
deployment activity to apply and reinforce the scientific models and conceptual tools 
developed during the modeling cycle. Students are given a laboratory-based problem 
that can yield such clean results that students can be evaluated based upon their use of 
basic models to arrive at correct solutions. This can be done with individual students, 
small groups, and with whole classes. The latter approach has the added benefit of 
helping to build strong teamwork skills among classmates. The lab practicum is 
authentic assessment (Rice, n.d.). 
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Approximately half of the students (the Honors Physics class) were organized to 
do the alternative energy practica, while the practica for the two AP physics B sections 
were traditional in nature and included the egg drop, mousetrap car, and bridge project.    

 Traditional practica involved engineering design and construction facts such as a 
housing made of straws and tape that would cushion an egg dropped from various 
heights.  The traditional mousetrap car practicum required students to construct a car 
that used only a spring-loaded mousetrap as an energy source.     

Similar in spirit to the traditional practica, examples of alternative energy practica 
include, “Build a planter box big enough and strong enough to hold a palm tree so we 
can shade the building and reduce our air conditioning bills”.  Another example is, 
“Condensate water from the air conditioning is going into the drain.  Figure something 
out so that we can store the water and use it for the plants.”  The practica, both 
traditional and alternative energy based, attempted to foster the students’ imagination 
and explore their own ideas. 

 

Procedure	  for	  Treatment	  

1. Quantitative measures of student abilities. 

During the first week of school, while instilling classroom procedures, students in 
both the treatment and contrast groups were given the 1995 revised version of the 
Force Concept Inventory (FCI) (Hestenes et al, 1992) and the Lawson Classroom Test 
of Scientific Reasoning (Lawson, 2000).  The FCI was also administered as a post-test 
at the end of the school year. 

Both the FCI and the Lawson test are valid and widespread assessment tools in 
physics (Coletta & Phillips, 2005).  The FCI targets student misconceptions in 
mechanics, and does not require any mathematical calculations.  The Lawson Test of 
Reasoning explores cognitive and analytical skills in science, including proportional 
reasoning and logic. Like the FCI, significant math skills are not required for completion. 
Absence of a math component in the assessment removes the confounding variable of 
student math skills. 

2. Permission 
Students included in the study completed the necessary consent, assent forms, and 

requisite parent permissions (for students under the age of 18).  Letters for students, 
parents, and administrators were approved by the Institutional Review Board (IRB) at 
Arizona State University.  The permission forms were also approved by the IRB, and 
used in conjunction with Monroe County District documentation. 

3. Unit 1 and 2 
Both the treatment and contrast groups completed Units 1 and 2 of Modeling 

Instruction in mechanics before engaging in a practicum.  By the end of the first two 
units, students in both groups had experience in whiteboarding, consensus building, 
and constructing, testing and applying basic scientific models in kinematics.  These 
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skills are required in order to give students a higher probability of success for the open-
ended, inquiry based practica. 
 

4. Contrast 
 The contrast group was two classes of AP Physics B.  The contrast group met daily 

for 50 minutes. These students are characterized (or referred to) as “AP students”, 
meaning that they generally have at least three Advanced Placement (AP) classes in a 
seven period day, some students participating in up to five AP classes. 

 
5. Treatment 

 
Students who were in a class that exchanged environmental practica for traditional 

practica were labeled the treatment group. Physics instruction time was the same for 
both the treatment and contrast groups.   

 The treatment group was one class of Honors Physics.  The treatment group met 
for 100 minutes daily and the class completed 50 minutes or less of physics instruction 
each day.  The remaining time was spent on the non-traditional environmental lab 
practica.  These practica required supplemental class time, and the school 
administration initiated daily block scheduling.   

 Students engaged in three weeks of in-depth study on petroleum and its uses.  
Beyond the petroleum unit, there was no formalized instruction on alternative energy 
topics.  The students and I would have small group discussions while they completed 
the practicum, and at the end of the unit the class as a whole would tour each other’s 
newly completed practicum, and the students would complete an informal discussion on 
environmental outcome of their practicum.   

 Environmental practica were created for students based on needs of the 
Alternative Energy Center (AEC) at Key West High School. These needs include 
reduction of energy, water, and waste streams. These necessities also include tasks 
such as finance, organization, documentation, and writing grants. 

The tasks required by the AEC were broken down into smaller parts that comprised 
the students’ lab practica.   These practica include construction of signs, planter boxes, 
biodiesel processors, and writing blogs. A more complete description of the practica is 
available in Appendix 1. 

6. Timeline 

The timeline below describes the scope and sequence in both the contrast and the 
treatment groups.  The mechanics content was exactly the same for the contrast and 
treatment groups.  However, differences exist between the scope and sequence of AP 
Physics B and the scope and sequence of topics as designated by the State of Florida 
(Florida, 2010). Likewise, the topics diverged slightly after both the treatment and 
contrast groups completed the mechanics portion of the Modeling Instruction curriculum 
during the first semester. 
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Table	  1	  

Timeline of Instructional Topics for Treatment and Contrast Groups 

Group Class 1st Quarter 2nd Quarter 3rd Quarter 4th Quarter 

 

 

Treatment  

Group 

Honors 
Physics / 

Alternative 
Energy 

• Velocity 
Unit* 

• Acceleratio
n Unit* 

• Petroleum 
Unit 

• Petroleum 
Practicum 

• Newton’s 
First Law 
Unit* and 
Newton’s 
Second Law 
Unit* 

• Alternative 
Energy 
Practicum 
(AEP) 

• Projectile 
Motion* and 
Energy*. 

• Momentum* 
and 

Electrostatics 
• Alternative 

Energy 
Practicum 

(AEP) 
• Circuits Unit 

• Alternative 
Energy 
Practicum 
(AEP) 

• Waves 
• Alternative 

Energy 
Practicum 
(AEP) 

 

Contrast 
Group 

AP Physics 

• Velocity 
Unit* 

• Acceleratio
n Unit* 

• Newton’s 
First Law 
Unit* 

• Egg Drop 
Practicum 

 

• Newton’s 
Second Law 
Unit* 

• Projectile 
Motion* 

• Energy 
• Momentum 
• Bridge 

Practicum 

• Electrostatics 
• Electricity and 

Magnetism 
• Circuits Unit 
• Waves Unit 
• Mousetrap 

Practicum 

• Modern 
Physics 

• AP Exam 
Review 

•  End of 
Year 
Practicum 

* denotes a Modeling curriculum unit. 

	  

7. Analysis 

Verified, commonly used methods of measuring learning gains currently exist.  
These methods use both quantitative and qualitative techniques, commonly called 
“mixed methods” (Wiersma & Jurs, 2005). The authors state that “mixed methods” can 
give a more complete picture of the phenomena that is being investigated. They go on 
to state that a mixed approach appeals to wider audiences because “some people will 
be persuaded by rigor” and others more persuaded by “the rich ethnographic research” 
(Wiersma & Jurs, 2005). 

At the end of the school year, students were given the Force Concept Inventory 
(FCI) posttest.  The scores on this test were compared with FCI scores from the 
beginning of the school year.  The FCI scores were analyzed in comparison with the 
Lawson Scientific Reasoning pretest scores, obtained during the first week of school.  
The pairing of these scores was an attempt to discover the extent to which a correlation 
exists between reasoning ability and FCI learning gains. 
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Coletta’s group found that a rough connection can be made between a student’s 
FCI score and Lawson score. There is a reasonable correlation between reasoning 
skills and the ability to learn physics (Coletta et. al, 2005, 2007).   

Qualitative Measures 
At the end of each environmental practicum, the group that completed the 

practicum was required to write a two-page paper narrating the practicum.  These 
papers were kept for qualitative data analysis.  The exact wording of the paper 
assignment was, “Write a two page paper that describes how you completed the 
practicum.  Include a problem that you had to solve.”  These papers provided a large 
number of artifacts from students. 

Lareau’s approach to analyzing qualitative data was chosen for analysis of these 
student artifacts. In “Common Problems in Field Work”, Lareau describes a method for 
collating qualitative data from student texts in a coherent way (Lareau, 1989) by 
excerpting phrases and information from text and putting them on index cards or note-
cards.  These can then be analyzed by isolating variables by gender, income level, 
geography, and demographics (Lareau, 1989).   

 
The student artifacts described above were analyzed for revealing insights and 

trends about the impact of the practica on the students.  The analysis explored gender, 
positive and negative statements, and students’ world view.   

Survey Measures 
After graduation, students were asked via Facebook to respond to a survey, 

which was an abbreviated version of the Colorado Learning Attitudes of Science Survey 
(CLASS) (Adams et. al, 2006).   Although a condensed CLASS survey removes the 
validity of the instrument, the length of the CLASS survey was a deterrent to completion 
among the students.  The survey was abbreviated with the hope that more students 
would complete it. The survey was shortened by approximately 30%, yet retained the 
appropriate ratio of “Real World Connection, Personal Interest, Effort, Conceptual 
Understanding, and Problem Solving” questions.  A deceptive “gotcha” question 
included in the original CLASS survey was also included, requiring students to answer 
“4” if they read the question.  This helped eliminate responses from students who did 
not read the questions and provided more accurate data, as described by Adams 
(Adams et. al, 2006).   

Data Analysis 

FCI Pretest and Posttest Data 

Students in the treatment group demonstrated significant differences in their 
learning compared to the treatment group as shown on the FCI and Lawson scores. 
These scores were measured and analyzed quantitatively by applying a pretest and 
posttest of the Lawson Test of Reasoning and the Force Concept Inventory (FCI). 
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The contrast and treatment group FCI pretest scores had several distinctive 
features. Pretest scores had high variability and the scores were non-uniform. The 
mean FCI pretest in the contrast group was 7.4 (25%) with a standard deviation of 4. 
The FCI pretest mean for the treatment group was 8.1(27%) with a standard deviation 
of 2.3 (Table 2).   A t-test reveals there is no significant difference between the 
treatment and contrast groups (p = .02). 

 Both groups are considered “Pre-Newtonian”, meaning that below this score, students 
are still struggling with the idea that forces cause acceleration, not motion, and cannot 
reliably apply Newtonian concepts (Hake, 1998).   Histograms of student pretest scores 
are shown in Figure 1. 

 

Contrast Group 
Number Correct 

Treatment Group 
Number Correct 

  

Figure 1 Pre FCI scores displayed in a histogram for the contrast and treatment groups. 
 
Some students did not take the FCI pretest because of collection difficulties such as late 
enrollment in the class.   
Table	  2	  

FCI Pre-Score 
Features 

Mean Score 

 Correct, n, % 

Standard 
Deviation 

Contrast Group 7.4 (25%) 4 

Treatment 
Group 

8.1 (27%) 2.3 
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Descriptive statistics for FCI pre-scores of the contrast and treatment groups. 

The mean score on the FCI posttest for the contrast group was 17.7 (59%), with 
a standard deviation of 6.8 and for the treatment group it was 21.4 (71%) with a 
standard deviation of 5.0.  The treatment data reveals a large difference and 
demonstrated higher learning gains than the contrast group in mechanics. 

Table	  3	  

FCI Post-Score 
Features 

Mean Score 

Correct, n, % 

Standard 
Deviation 

Contrast Group 17.7 (59%) 6.8 

Treatment 
Group 

21.4 (71%) 5.0 

Descriptive statistics for FCI posttest scores of the contrast and treatment groups 

The histogram for the treatment group reveals a much tighter distribution. 

Figure	  2	  

Contrast Group Treatment Group 

 

 

 

FCI posttest scores for the contrast and treatment groups. 

Additional clarity can be discerned from considering the relevant FCI raw score 
increase of the treatment and contrast groups. The average FCI difference between 
pretests and posttests for the contrast group was 34% and for the treatment group was 
45% . 
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The FCI posttest score can be divided into three types: “Newtonian Threshold,” 
“Near Mastery,” and “Mastery” (Hake, 1998).  The Newtonian threshold is about 60% 
(Hestenes et al., 1992). According to Hake, Near Mastery usually denotes student 
understanding of the basics of force and acceleration but shows an inability to master 
the concepts associated with Newton's 3rd Law. A student scoring 90% or more (27+ 
correct out of 30) has attained Mastery (Hake, 1998).  These students understand all of 
the laws of motion and can apply them in varied contexts.The treatment group had an 
average of 0.72 (72%) and the contrast group had an average of .59 (59%).  The 
treatment group was approaching the “Near Mastery” while the contrast group scored at 
the Newtonian Threshold. 

Table	  3	  

 Average change between pre 
and post tests. 

Contrast Group 34% 

Treatment Group 45% 

Learning increases for treatment and contrast groups. 

Because of inherent population differences, Richard R. Hake suggested a 
normalized measure to evaluate differences between the treatment and contrast 
groups. Hake, from the University of Indiana, used his method in a 6,000-student 
analysis to compare course effectiveness of conceptual physics concepts (Hake, 1998). 
Hake’s measure allows an investigator to compare pretests and posttests of different 
populations with the same instrument. Essentially, the normalized gain that Hake 
proposed using is the actual change divided by the maximum possible gain.  For 
example, the normalized conceptual gains of students with “pre and post scores of 20% 
to 60%, 40% to 70%, and 80% to 90% all correspond to a <g> = 0.5 (Coletta, 2007).  
The normalized gain scores for the individual in the treatment and control groups are 
averaged and detailed in Table 4 below. 
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Normalized gain analysis for treatment group and contrast group 
 Contrast Group (AP 

Physics B) 
Treatment Group 
(Alternative Energy) 

Average FCI Pre Score 0.24 0.27 
Standard Deviation FCI 
Pre Score 

0.13 0.2 

Average Post FCI Score 0.59 0.72 

Standard Deviation of FCI 
Post Score 

0.23 0.17 

Normalized Gain 0.49 0.64 

Table 4: Normalized gains for the treatment and contrast groups. 

  The normalized gain for the treatment group, <g> = 0.64, is significantly larger 
than that for the contrast group, <g> = 0.49.  By examining the histograms in figure 2, it 
can be seen that the treatment group has a significantly lower standard deviation.  The 
contrast group has a much more uniform distribution and is more spread out.  The 
contrast group is close to the “Newtonian threshold,” and the treatment group is close to 
“near mastery.” This represents a significant learning difference between the treatment 
group and contrast group. 

 

 Normalized Gain and Lawson Scores 
The normalized gain “g” was analyzed in comparison with the Lawson reasoning test.  
Vincent Coletta, a Loyola physics-education researcher, commented, “It makes no 
sense to measure g [learning gains] alone without somehow taking into account the 
reasoning ability of a class” (Coletta et al, 2007).  Coletta’s group found a correlation 
coefficient of 0.53 between normalized FCI gains and the Lawson Test of Scientific 
Reasoning scores for 199 high school physics students (Coletta et al, 2007). These 
findings mirrored the results of 98 university students involved in a similar analysis. 
Students who achieve the highest Lawson score seem to benefit most, showing “greatly 
improved gains for the best [high Lawson score] of our students” (Coletta et al, 2007). 
Coletta’s group found that generally, the bottom quartile of Lawson scores, measuring 
43% and below, correspond to a normalized gain of 0.29.  The second quartile had a 
Lawson score of 61% and a normalized gain of 0.36.  

 The data from this action research study suggests that even students with low 
reasoning skills show significant gains as measured by the FCI. On the Lawson test, the 
students in the contrast group had an average score of 65% and the students in the 
treatment group had an average score of 54%. Examining the quartiles of the treatment 
and contrast group, several features are evident, as shown in Figures 3 and 4.   

The contrast group scored higher on the Lawson test by quartile, and this is 
reasonable because the AP students generally display greater logical and reasoning 
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skills.  Overall, the Lawson scores in the contrast group scored higher than the 
treatment, but their posttest scores exceeded the predicted gains by a higher margin 
than predicted by Coletta (Coletta, 2007).  

	  

	  

By correlating the reasoning skills of 
a student, it is possible to predict the FCI 
learning gains the student could “yield.”  
Using the analysis completed by Coletta, 
Phillips, and Steinert (2007), a student who 
scores in the bottom quartile of the Lawson 
test, like the treatment group used in this 
study, can be expected to have an FCI 
normalized gain of only 0.29 or less. A 
student who scores in the second quartile, 
such as the contrast group in this study, is 
expected to have an FCI normalized gain 
of 0.36 or less. Therefore, students in both the treatment and contrast groups exceeded 
the predictions made by Coletta. “If a class had an average Lawson Test score below 
50%, it would be reasonable to expect a class average normalized gain of 0.3 or less. 
However, if the class had an average Lawson Test score of 90% or more, one might 
expect to have a class average normalized gain of 0.6. 

	  

	  

Table	  5	  

 Predicted Yield* Actual Yield Difference 

Contrast Group 36-40% Gain 49% + 9-13% 

Treatment Group Less than 29% Gain 54% +> 35% 

*Predicted yield as described by Coletta et al is a score range. 

Figure	  3 
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 The normalized FCI gains in both the treatment and contrast group are higher 
than predicted.  The contrast group 
exceeded the prediction by at least 9%, 
while the treatment group was strikingly 
higher, exceeding expectations by 35%.  
Both classes had the same amount of 
physics instruction time, but the treatment 
group had more time exploring practica 
relating to their personal interests.  

Since interest is tied to learning gains, 
student interest and attitudes are explored in 
the qualitative data. 

Qualitative Data  

The qualitative data in this study are divided into two parts, a survey and a review 
of student artifacts.  The survey is designed to measure student views and attitudes, 
and the artifact analysis provides insights into general trends of the student learning.  

Qualitative Data – Analysis of Student Artifacts 

In addition to the information collected in the CLASS survey, qualitative data was 
secured by analyzing the student’s papers. These papers revealed interesting 
information on general patterns and overall trends of the impact on student learning. 

Near the completion of each practicum, each group was assigned to complete a 
two-page essay that provided a narrative of the project.  The assignment title was, “Give 
a description of what you accomplished and discuss a problem that you had to solve.  
Include 3 photographs as evidence.”   

There was substantial variation in how different student groups chose to 
complete the assignment.  In some instances, the group would assign one student to 
write the essay, and in other groups the students would crowd around a computer to 
write the essay collaboratively. On the practicum “due date”, the practicum was 
expected to be complete, including the paper.  Some groups, roughly 15%, did not 
complete the paper and received a grade penalty. 

Overall, a total eleven papers were submitted by the class and these were 
examined.  The various characteristics exemplified by these groups during practica are 
exhibited in Appendix 2 below.  These characteristics include the nature of the 
practicum and its outcome, the members of the group by gender and pseudonym, and a 
group designation of high, low, or medium achievement level.  The high groups 
exceeded expectations by a large margin.  One of these high achieving groups, the 

Figure	  4 
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“bloggers/grant team,” created a Wikipedia page, started a blog, kwaec.blogspot.com 
and successfully wrote and received a $60,000 grant. The medium groups met 
expectations, and the low achievement groups either failed to fully complete the 
practicum or made a substantial error.   

Overall, 271 statements were collected from the student reflections. The positive 
and negative statements were recorded on index cards and compiled.  These index 
cards were analyzed for positive and negative statements, gender, and motivations, 
both intrinsic and extrinsic. 

Positive and Negative Statement Data Analysis 

A total of 54 positive and negative statements were identified in student reports 
and transcribed to index cards.  A statement was considered negative if it was 
pejorative about the practicum itself or the work area, such as one student’s comment 
that the people at Wikipedia were a “mafia of resident nobodies”.  If the student insulted 
the setting or environment of the assignment, or was demeaning of others, it was 
considered negative. Such negative comments included “it was exceedingly hot and 
windy,” and also, “he [the student] thought he was the messiah.”  If there was a negative 
self-statement, such as “I did regret” it was also considered negative.   

An assertion focusing upon excessive self-deprecation was considered negative, 
such as “I was wrong, dead wrong”.  Finally, statements that suggest despair such as 
“[it] got us nowhere” were considered negative.  An interesting question is to determine 
if there was a correlation between the achievement level of the student and the number 
of negative comments. These statements were counted and are compared below.  The 
statements are characterized as either “positive”, “negative”, or “neither”. If the 
statement had any evidence of positive or negative statements, it was categorized as 
such.  A statement that had no indication was categorized as “neither”.   

Table	  6	  

Who complains more?  

Gender Positive Statements Negative Statement Neither Statements 

Female Group 21 %         8 % 71% 

Male Group 6 %  13 % 81% 

Mixed Group 10 %         6 % 84% 

 Denotes the group that complains the most 

Male students complained more than any other group, comprising 13% of all 
negative statements.  The female group and mixed gender group had roughly half the 
negative comments compared to the male group.  Analysis of the student artifacts 
revealed that the male students either did not complain at all, or they complained a 
great deal.  There was no correlation between the amount of complaints and 
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achievement level, because high achieving groups either complained or did not. In other 
words, the amount of complaints had no bearing on the level of achievement. A stoic 
group and a sniveling group could score equally.   

Female students had considerably different views. They did not seem to complain as 
much, but instead made more positive comments.  The high achieving groups 
commented more in general, but overall they stated positive declarations roughly at 
three times the rate of negative statements.   

The impact on student learning demonstrates that male students complain more, 
female students complain less, and mixed gender groups have a balance between 
complaints and positive comments.  The female students demonstrate a more positive 
attitude of all the groups.  Achievement does not seem to have any correlation to the 
number of complaints, as some groups complained a great deal, and some did not, but 
had the same achievement level.  

Intrinsic and Extrinsic Motivation 

Students demonstrated both intrinsic and extrinsic motivation statements 
(Middleton, 1999).  Examples of these statements are collected in the chart of 
statements below.  These statements were rare in the student artifacts, and comprised 
only 20 (7%) out of 271 total recorded comments.  The example sentences below are 
selected artifacts that demonstrate intrinsic motivation, citing personal reasons to 
complete environmental practica.  These comments display personal motivation such as 
“I wished to utilize my strengths,” personal reasons like “we are the core,” and a desire 
for personal success such as “I knew I could be good at”. 

Student excerpts provided evidence of task motivation, characteristic of intrinsic 
motivation, by stating task oriented goals such as: “I knew I could be good at”, “we 
chose to conquer”, “I was happy doing”, and “I accomplished what I set out to do”.  
These statements point toward intrinsic motivation.  They do not demonstrate evidence 
of ego or the need for peer approval; instead, the motivation appears personal.  

The students’ comments also revealed instances of extrinsic motivation.  These 
comments generally related to external problems such completing assignments for 
points, peer approval or disapproval.  Although rare, these statements exhibited many 
interesting characteristics when compared with the gender of the students making the 
statements. Examples of extrinsic motivation statements included: “he was acting like 
he was a god or something” and “we just have to play the game [to get points]”.  

Strikingly, female groups’ statements did not reveal any instances of extrinsic 
motivation.  In general, as students mentioned more intrinsic reasons to succeed, they 
tended to complete better practica.   

Male groups showed evidence of less intrinsic motivation and more extrinsic 
motivation.  The motivation characteristics of the mixed group were between the female 
and male student groups, as shown in the table below, with eight comments by female 
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students featuring intrinsic motivation, compared with two comments from the male 
group.  Male students displayed the least number of intrinsic motivations.   

Table	  7	  

Who is intrinsically motivated? 
 Female Students Male Students Mixed Group 
Intrinsic Motivation 
comments (n, %) 

 8 2 5 

Extrinsic Motivation 
comments (n, %) 

       0 5 0 

 Denotes the students who demonstrated the most intrinsic motivation 

The impact of exchanging alternative energy practica with traditional practica on 
student learning aligns with findings from recent and venerated education researchers 
(Alcott, 1960; Dewey, 1913; Middleton, 1999).  This study suggests that students who 
are intrinsically motivated learn more.  Female students demonstrate this intrinsic 
motivation more strongly, citing myriad personal reasons to do well.  Female students 
also complained less when compared to their male peers. However frequency of 
complaints fails to predict achievement level and appears to be a characteristic linked to 
male students. Some students complain and do poorly, some complain and do well. 

Survey of Students 

Ideally, at the conclusion of any well-instructed course, a student has a favorable 
view of the discipline. Such is the case with physics classes. If students enjoy the 
discipline and demonstrate understanding, the likelihood of students remaining in the 
science and engineering fields increases.  These favorable views can be analyzed 
using a well-designed and modified version of the CLASS survey (Adams et al, 2006). 

The data is aggregated from the modified CLASS survey (reproduced in 
Appendix 3).  Differences exist between the students attending Key West High School 
and the larger 5,000-university-student sample used by Adams’ group. There are also 
interesting similarities and differences between the contrast and treatment groups in this 
study.  Adams designed a survey that measured five categories of student beliefs, 
called real world connection, personal interest, effort, conceptual understanding, and 
problem solving (Adams, 2006).  The questions vary considerably and do not require 
any math.  

 An abbreviated version of this survey was distributed to students via Facebook 
and their responses were collected electronically.  Student answers were compared to 
the “expert” view, which is based on survey responses by a group of professional 
physicists and scientists (Adams, 2006).  These “expert view” questions were compared 
to the students in Adam’s survey, and to the contrast and treatment groups in this study. 
Percentages in the table below, for 400 students in a typical calculus-based first 
semester physics course in a large state university, correspond to the extent to which 
student responses in each category match experts’ responses in that category. 
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Table	  8	  

To what extent do students’ views agree with physics expert views? 
Question Type University 

Students 
Contrast Group Treatment Group 

Real World 
Connection 

65% 77% 76% 

Personal Interest 56% 70% 60% 
Effort 73% 87% 81% 
Conceptual 
Understanding 

55% 50% 44% 

Problem Solving 68% 61% 61% 
 

The treatment and context scores were averaged and compared to the five belief 
categories surveyed by Adams, described as: “Real World Connections, Personal 
Interest, Effort, Conceptual Understanding, and Problem Solving” (Adams, 2006). 

The treatment and contrast group scores in this study exceed the college sample 
in the categories of “Real World Connections,” “Personal Interest,” and “Effort.”  One 
possible explanation for this difference could be the research context. The survey 
occurred in a college setting for the 5,000-student group, and there are cultural 
differences between an introductory college physics class and a smaller, year-long high 
school course, even considering similar course content.  In the cultural setting of 
KWHS, the students had a personal relationship with their teacher, which may have 
facilitated interest in physics, talk about real world connections, problem solving, and a 
disciplined work effort. Additional contact time, such as classroom lunch and 
appointments outside of the school day, may have also added to  differences in culture. 

The treatment and contrast groups in this study displayed lower scores 
compared to Adams’ college sample in the categories of “Conceptual Understanding” 
and “Problem Solving.”  For the treatment group, the difference in problem solving is 7% 
lower and in conceptual understanding is 11% lower than the university students.  For 
the contrast group, the difference in problem solving is 7% lower and in conceptual 
understanding is 5% lower than the university students. These differences may be 
attributable to the supplementary engineering component used in the KWHS groups, 
compared to the predictable labs used in a college setting.  When students used 
engineering and construction, they realized the deficits in their conceptual 
understanding, which led to less confidence and a view that the physics they learned 
was useful, compared to the university students.  

In a survey physics class, the problems are idealized with numerous examples of 
idealized scenarios, including “mass-less” strings, “frictionless” tables, and “ideal 
springs.”  However, when the treatment group of students put their physics knowledge 
into practice solving real world problems, they realized their knowledge was inadequate, 
leading to disappointing results in applying physics concepts to engineering tasks. 
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Comparison	  of	  Contrast	  Group	  Views	  to	  University	  Student	  Views	  of	  Physics	  
Table	  9	  

When does the contrast group exceed the university student view? 
Question Type University Students Contrast Group 
Real World Connection   (+12%) 
Personal Interest   (+14%) 
Effort   (+14%) 
Conceptual Understanding  (+ 5%)  
Problem Solving  (+ 7%)  
 Denotes when one group exceeds another. 

In the survey itself, a large difference existed between the treatment and contrast 
group on the specific question, “I enjoy solving physics problems.”  The contrast  group 
had a 50% agreement with the expert’s view, and the treatment group had a 26.9% 
agreement with the expert’s view.  This 23.1% difference  is large.  One possible 
explanation for this occurance is the emotional state of the contrast group used in this 
study. This group began their physics course as a very anxious, stressed out collection 
of students, many of whom were enrolled in five AP classes, including physics. To 
combat this anxiety, stress reduction through classroom competence in physics was 
introduced to the classroom environment. Solving easy physics problems gives students 
confidence in their training and abilities, and such competence often reduces stress.  
These strategies conceivably improved the attitude of the contrast group.   

However, in the treatment group, upon completion of the modeling physics 
curriculum, students routinely complained of a desire to go back to the biodiesel 
curriculum, indicating their preference for completing alterative energy practica.  
Perhaps these students viewed the physics portion of the curriculum as punishment, 
compared to the alternative energy practica, and desired post haste completion.  During 
the Modeling Instruction units, students were told that a demonstration of mastery on 
the unit quizzes and a test would result in a return to alternative energy practica.  This 
agreement motivated the students, resulting in a positive outcome as demonstrated by 
the FCI gains, with the possible negative effect of inadvertently creating an adverse 
view of physics problem solving. 

Comparison	  of	  Treatment	  Group	  Views	  to	  University	  Student	  Views	  of	  Physics	  
Table	  10	  

When does the treatment group exceed the university student view? 
Question Type University Students Treatment Group 
Real World Connection   (+11%) 
Personal Interest   (+ 4%) 
Effort   (+ 8%) 
Conceptual Understanding  (+11%)  
Problem Solving  (+ 7%)  

 Denotes when one group exceeded another. 
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The treatment group had lower scores than the contrast group in all belief categories 
of the survey, showing the highest difference in “Personal Interest,” with a 10% 
difference in relation to the contrast group.  This result was unexpected due to the 
superior involvement of the students in the treatment group, such as meeting 
mechanics, painting late at night, talking to parents about the construction of a concrete 
house, and browsing long hours on various internet topics.  While the time investment 
indicates greater engagement and interest, the scores for this group were lower than 
those of the contrast group. These are students of average ability taking one of the 
harder classes in their academic career, despite the fact that they enjoyed it and did 
well on the FCI.  The results shown above may be due to burnout from the stressful 
nature of the course. 

Comparison	  of	  Contrast	  Group	  Views	  to	  Treatment	  Group	  Views	  of	  Physics	  
Table	  11	  

When does the contrast group exceed the treatment group? 
Question Type Contrast Group Treatment  Group 
Real World Connection    
Personal Interest    
Effort    
Conceptual Understanding    
Problem Solving Same Same 

 Denotes when a group exceeds another. 

On the survey question, “Doing alternative energy makes me more interested in 
physics,” the contrast  group exhibited a 70.3% agreement and the treatment group 
displayed a 90% agreement. Both groups of students  generally felt that alternative 
energy made them more interested in physics but the treatment group held this view 
more strongly.  

Both treatment and contrast groups revealed more favorable views of physics in 
several CLASS categories than the university students. 

The exceptions to this were in the categories of conceptual understanding and 
problem solving.  The contrast group, and especially the treatment group, viewed 
conceptual understanding and problem solving in physics less favorably when 
compared to the opinions of the university students.   

Conclusion 

Modeling Instruction increases learning gains as measured by the Force Concept 
Inventory (Hestenes, 2000), and the results of this study suggest that these gains can 
be increased further by tying physics concepts to topics, such as alternative energy 
practica, that generate high student interest.  The FCI gains of both groups reported in 
this study exceed predicted values based on Lawson test scores (Coletta et al, 2007), 
and the treatment group made strikingly higher FCI gains than were predicted.   
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Both groups indicated favorable views of physics as a real-world endeavor of 
personal interest and worthy of effort, but they viewed conceptual understanding and 
problem solving less favorably than university students. Frequency of complaints about 
the practica failed to predict achievement level and appears to be a characteristic linked 
to male students. Conversely, female students had a positive attitude with more intrinsic 
motivations.   

The alternative energy practica described in this study appear to heighten 
student interest, and may account for the greater FCI gains of the treatment group in 
comparison with the contrast group. 
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Appendix 1 
	  

Completed	  Practicum	  in	  the	  Area	  of	  Alternative	  Energy	  
Practicum	   Photograph	   Description	  and	  Teacher	  Objectives	  

Front	  View	  
of	  the	  
Classroom/	  
Petroleum	  
Unit	  

	  

	  

	  

This	  class	  view	  shows	  a	  front	  view	  of	  the	  
class,	  which	  includes	  an	  area	  above	  the	  
whiteboards	  for	  posters.	  	  These	  posters	  
are	  student-‐constructed	  and	  are	  about	  
petroleum,	  addressing	  topics	  such	  as:	  
Types	  of	  crude	  oil	  and	  chemical	  and	  
physical	  properties	  between	  them,	  such	  
as	  Light	  Sweet	  Crude,	  Heavy	  Crude,	  	  	  and	  
West	  Texas	  Intermediate.	  These	  posters	  
also	  cover	  topics	  in	  petroleum	  
production,	  transporation,	  and	  location.	  	  	  
	  
Objectives:	  
1.	  Create	  a	  visually	  appealing	  poster	  
with	  two	  visuals	  for	  each	  category.	  	  
Catagories	  are	  description,	  history,	  
where,	  who,	  use,	  and	  interesting	  facts.	  	  
2.	  Present	  the	  poster	  to	  the	  class.	  
3.	  Create	  a	  visual	  aid	  (beyond	  the	  
poster)	  to	  facillitate	  the	  process.	  
4.	  At	  the	  end	  of	  the	  presentations,	  each	  
group	  creates	  a	  study	  guide.	  	  These	  are	  
interchanged	  and	  the	  students	  receive	  a	  
test	  on	  the	  materials.	  	  

Art	   The	  Art	  group	  was	  responsible	  for	  
beautification	  and	  indirect	  energy	  
savings	  in	  the	  Alternative	  Energy	  Center	  
area.	  	  	  
The	  objectives	  were:	  
1.Use	  paint	  and	  other	  media	  to	  reduce	  
the	  heat	  profile	  of	  our	  building	  by	  
painting	  lighter	  colors	  in	  a	  visually	  
appealling	  way.	  
2.	  Inform	  the	  general	  public	  of	  our	  
misson	  and	  accomplishments.	  
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Biodiesel	  
Plant	  

	  

The	  processor	  group	  was	  in	  charge	  of	  
connecting	  two	  500	  gallon	  tanks	  and	  
three	  175	  gallon	  tanks	  and	  three	  (1/2)	  
horsepower	  pumps	  into	  a	  biodiesel	  
processor	  that	  can:	  
1.Produce	  150+	  gallons	  of	  biodiesel	  per	  
day.	  
2.	  Design	  such	  that	  waste	  glycerine	  can	  
be	  processed	  to	  recover	  methanol.	  
3.Include	  water	  management	  so	  that	  we	  
can	  water	  wash	  and	  clean	  glycerine	  can	  
go	  down	  the	  drain.*local	  wastewater	  
management	  	  

Bloggers/	  
Grant	  
Writers	  

	  

The	  blogging	  team	  was	  tasked	  with	  
writing	  several	  	  grants	  and	  public	  
relations	  tasks.	  	  They	  included:	  
1.Develop	  and	  write	  a	  blog	  on	  class	  
happenings	  in	  a	  friendly	  and	  engaging	  
manner.	  
2.	  Write	  press	  releases	  as	  necessary.	  
3.	  Create	  and	  update	  a	  Wikipedia	  page	  
citing	  press	  articles.	  
4.	  Complete	  grant	  applications	  as	  they	  
become	  available,	  given	  time	  
parameters.	  

Concrete	   The	  concrete	  team	  was	  tasked	  with	  
creating	  a	  waterproof/oil	  proof	  barrier	  
from	  all	  areas	  where	  oil	  contamination	  is	  
an	  issue.	  	  Key	  West	  High	  School	  is	  in	  a	  
Department	  of	  Environmental	  Area	  of	  
Critical	  Concern,	  borders	  a	  National	  
Marine	  Sanctuary,	  and	  the	  third	  longest	  
coral	  reef	  in	  the	  world.i	  
1.	  Repair	  the	  concrete	  pad	  so	  that	  it	  can	  
hold	  concrete	  blocks.	  
2.	  Calculate	  the	  necessary	  height	  of	  the	  
wall	  to	  hold	  fuel	  if	  all	  tanks	  ruptured.	  
3.	  Bolt	  down	  tanks,	  without	  penetrating	  
the	  tanks	  themselves,	  so	  that	  they	  do	  
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not	  float	  or	  blow	  away	  during	  
hurricanes.	  
4.	  Determine	  and	  build	  a	  hose	  
management	  system	  for	  50	  feet	  of	  
petroleum	  hose	  that	  weighs	  around	  25	  
lbs.	  
	  
Future	  project:	  Using	  the	  properties	  of	  
fuels	  and	  water,	  create	  a	  bilge	  pump	  
that	  pumps	  when	  water	  is	  present,	  not	  
oil.	  

Cistern	  

	  

The	  cistern	  team	  was	  tasked	  with	  
collecting	  the	  excess	  water	  from	  the	  air	  
conditioners.	  	  This	  amounted	  to	  
approximently	  five	  gallons	  per	  day.	  	  
These	  students	  had	  the	  following	  
objectives.	  
1.Coordinate	  with	  MCSD	  Maintenance	  
dept	  to	  install	  a	  pipe	  from	  the	  roof	  to	  
ground	  level.	  
2.	  Learn	  about	  cisterns	  and	  functionality	  
for	  the	  garden	  area	  at	  the	  Alternative	  
Energy	  center.	  
3.	  Ensure	  that	  the	  cistern	  complies	  with	  
all	  local	  regulations,	  with	  particular	  
emphasis	  on	  mosquito	  control.	  
4.	  Select	  and	  install	  a	  cistern	  that	  is	  
appropriate	  for	  our	  needs.	  

Construction	  

	  

The	  construction	  team	  was	  tasked	  with	  
the	  construction	  of	  various	  planter	  
boxes	  and	  other	  materials	  in	  the	  
classroom.	  
1.	  The	  planter	  box	  must	  be	  of	  sturdy	  
construction,	  strong	  enough	  to	  be	  filled	  
with	  soil	  and	  plants	  and	  moved,	  if	  
necessary.	  	  This	  includes	  cross	  beams,	  if	  
necessary.	  	  
2.	  The	  planter	  box	  must	  be	  large	  enough	  
to	  hold	  a	  small	  tree,	  and	  be	  a	  minimum	  
of	  36	  cubic	  feet	  in	  volume.	  
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3.	  The	  planter	  box	  must	  have	  a	  
treatment	  to	  ensure	  that	  it	  resists	  
weathering.	  	  The	  temperature	  regularly	  
exceeds	  90	  degrees	  and	  receives	  direct	  
sun	  all	  day.	  
4.	  The	  planter	  box	  must	  be	  able	  to	  cope	  
with	  large	  intervals	  of	  rain.	  	  Key	  West	  
has	  a	  subtropical	  climate	  and	  receives	  
approximately	  39	  inches	  of	  rain	  a	  yearii	  
in	  heavy	  thunderstorms.	  
Interesting	  note:	  	  This	  team	  had	  only	  
female	  members.	  
	  

Dryer	  

	  
	  
	  

	  
Why	  it's	  important	  to	  dry	  the	  biodiesel.	  	  This	  is	  
washed,	  but	  not	  dried,	  in	  a	  55	  gallon	  drying	  tank.	  	  The	  
white	  thing	  is	  a	  PVC	  intake	  line	  for	  the	  pump.	  Photo	  
credit:	  Guy	  Purcella,	  founder	  of	  EZBiodiesel,	  LLC	  

	  
Once	  it	  has	  been	  dried	  you	  can	  see	  the	  difference.	  	  
Photo	  credit:	  Guy	  Purcella,	  founder	  of	  EZBiodiesel,	  LLC	  

The	  final	  stage	  of	  producing	  biodiesel	  is	  
a	  “wash”	  stage,	  where	  the	  reacted	  
biodiesel	  is	  misted	  with	  water.	  	  This	  
water	  collects	  the	  remaining	  methanol	  
and	  sodium	  hydroxide	  ions	  that	  are	  in	  
biodiesel.	  	  After	  biodiesel	  is	  washed,	  it	  is	  	  
cloudy	  and	  requires	  heat	  and	  settling	  to	  
remove	  the	  remaining	  water	  particles.	  	  
However,this	  is	  a	  lengthy	  process	  and	  
takes	  up	  to	  several	  weeks.	  	  During	  this	  
interval	  of	  time,	  biodiesel	  can	  degrade	  
and	  presents	  a	  storage	  problem.	  	  
Removing	  the	  water	  from	  the	  biodiesel	  
is	  called	  drying	  the	  biodiesel,	  and	  once	  
all	  water	  is	  removed	  and	  clear,	  it	  is	  
considered	  “dried.”	  
	  
Pictured	  here	  is	  the	  final	  design	  for	  the	  
biodiesel	  dryer	  which	  was	  constructed	  
by	  the	  students.	  	  This	  dryer	  had	  a	  
preliminary	  design	  by	  Clearman	  which	  
included	  the	  barrels	  and	  push	  cart	  to	  
hold	  them,	  but	  the	  remaining	  design	  is	  
unfinished.	  	  The	  dryer	  had	  the	  following	  
objectives.	  
	  
1.Create	  a	  method	  to	  dry	  100	  gallons	  of	  
biodiesel	  in	  less	  than	  a	  day,	  using	  readily	  
available	  parts	  from	  Home	  Depot.	  
2.	  Using	  pipes	  and	  a	  tap	  and	  die	  kit,	  
thread	  and	  construct	  the	  necessary	  
parts	  to	  install	  the	  barrels	  to	  a	  0.5	  HP	  
pump	  and	  two	  shower	  heads.	  	  	  
3.	  Follow	  the	  wiring	  diagram	  and	  wire	  
the	  pump	  such	  that	  it	  meets	  IEEE	  
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standards.	  	  This	  must	  past	  inspection	  by	  
a	  MSCD	  electrican	  before	  it	  is	  used.	  
4.	  Use	  the	  sun	  as	  a	  natural	  resource	  to	  
speed	  up	  the	  processes	  by	  collecting	  
heat.	  	  Ideally,	  the	  instructor	  can	  wheel	  
out	  the	  dryer	  in	  the	  morning,	  and	  simply	  
by	  heat	  from	  the	  sun	  have	  a	  mostly	  
completed	  dried	  batch	  of	  biodiesel.	  
	  

Mechanic	  

	  

The	  Mechanic	  team	  was	  tasked	  to	  fix	  the	  
engine	  and	  make	  the	  car	  look	  better.	  	  
They	  solved	  two	  fuel	  problems,	  
maintainted	  the	  engine,	  installed	  a	  
stereo	  system,	  and	  repainted	  the	  car.	  	  
This	  vehicle	  regularly	  drove	  and	  ran	  on	  
100%	  biodiesel	  produced	  by	  the	  
students.	  

Passive	  
Heat/Native	  
Plant	  

	  

This	  area	  has	  southern	  exposure	  and	  
absorbes	  a	  great	  deal	  of	  heat.	  	  This	  
group	  was	  tasked	  with	  designing	  a	  
visually	  appealing	  area,	  cordinate	  with	  
building,	  construction,	  and	  cistern	  
groups	  to	  have	  a	  visually	  appealing	  area	  
that	  reduced	  	  our	  cooling	  bill.	  

Solar	  House	  

	  

We	  received	  a	  grant	  for	  a	  $100,000	  solar	  
array.	  	  However,	  selection	  of	  solar	  
panels	  requires	  data	  that	  best	  suits	  our	  
area.	  	  These	  students	  constructed	  small	  
scale	  models	  of	  the	  high	  school,	  
including	  building	  wall	  thickness,	  
position	  towards	  the	  sun,	  and	  roof	  
angle.	  

Turbine	  

	  

This	  turbine	  was	  installed	  by	  me	  and	  	  
our	  school	  maintance	  team.	  	  It	  fostered	  
student	  interest	  because	  it	  is	  53	  feet	  tall	  
and	  postioned	  between	  the	  practice	  
football	  field,	  soccer	  field,	  and	  softball	  
field.	  	  I	  installed	  this	  over	  the	  period	  of	  
three	  school	  days,	  and	  it	  was	  a	  terrifying	  
experience.	  
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Appendix	  2	  
Team Name Practicum Members 

(pseudonyms) 
Gender Achievement 

Level 
Trench Group Dig a trench from 

the turbine to the 
electrical box, 24 
inches deep, three 
feet long through 
rock. 

Meranda, 
Stephanie, 
Spencer, Zach 

Mixed Low 

Video Team Create a 
documentary that 
shows the 
development of 
the 

Andree, Ben M ale Medium 

Hazmat Clean all hazards, 
such as spilled oil 
and cleaning up 
unpleasant 
messes, includes 
power washing. 

Aubrey, Gareth Mixed Medium 

D4 Paint an outside 
bay door a color to 
reduce cooling bill, 
and to convey the 
message of our 
program 

Emily, Madison, 
EJ, Chloe 

Mixed Medium 

Cabinet Construct a 
cabinet that holds 
5 gallon buckets of 

John, Sandito Male High 
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grease that get 
dropped off. 

Facilitators Get the grease 
from around town, 
and get stuff for 
groups, and drop 
off paperwork 

Shaun, Trevoi Male Medium 

Bloggers/Grant 
Writers 

Document what 
happens in an 
effective way that 
we can share to 
the outside world, 
and find and apply 
for $ 

Max, Cole Male High 

Finance Determine a 
method to keep 
track of 
purchases, 
prepare a budget, 
and analyze cost 
flows 

Amanda Female High 

Finance See above Julie Female High 
Organizers Keep in organized, 

keep track of 
student work, 
anticipate needs, 
and coordinate 
with the facilities 
and budget  

Andree, Julie Female High 

Outside Bay 
Door 

Display a 
message to 
outside visitors our 
mission and game 
plan.  Also, 
change the color 
so that we 
diminish 
heating/cooling 
loss. 

Gareth, 
Meranda, 
Stephanie, 

Mixed Medium, almost 
considered low 
 

State Farm 
Sign 

Create a sign that 
can be posted 
near the new solar 
array/turbine  

Emily, Alexi, 
Jon-Fitzick 

Mixed Low.  Did not 
complete the 
assignment, did 
not complete 
the paper. 
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Appendix	  3	  	  

	  Questions	  used	  in	  the	  CLASS	  survey	  
A	  significant	  problem	  in	  learning	  physics	  is	  being	  able	  to	  memorize	  all	  the	  information	  I	  need	  to	  know.	  

I	  am	  not	  satisfied	  until	  I	  understand	  why	  something	  works	  the	  way	  it	  does.	  
I	  think	  about	  the	  physics	  I	  experience	  in	  everyday	  life.	  

I	  study	  physics	  to	  learn	  knowledge	  that	  will	  be	  useful	  in	  my	  life	  outside	  school.	  
I	  enjoy	  solving	  physics	  problems.	  
Reasoning	  skills	  used	  to	  understand	  physics	  can	  be	  helpful	  to	  me	  everyday	  life.	  

Learning	  physics	  changes	  my	  ideas	  how	  the	  world	  works.	  
I	  do	  not	  expect	  physics	  equations	  to	  help	  my	  understanding	  of	  the	  ideas.	  	  They	  are	  just	  for	  doing	  
calculations.	  

If	  I	  get	  stuck	  on	  a	  physics	  problem	  on	  my	  first	  try,	  I	  usually	  try	  to	  figure	  out	  a	  different	  way	  that	  works.	  
Nearly	  everyone	  is	  capable	  of	  understanding	  physics	  if	  they	  work	  at	  it.	  
If	  I	  don’t	  remember	  a	  particular	  equation	  needed	  to	  solve	  a	  problem	  on	  an	  exam,	  there’s	  nothing	  much	  I	  

can	  do.	  
If	  I	  get	  stuck	  on	  a	  physics	  problem,	  there	  is	  no	  chance	  I’ll	  figure	  it	  out	  on	  my	  own.	  
I	  can	  usually	  figure	  out	  a	  way	  to	  solve	  physics	  problems.	  

If	  I	  want	  to	  apply	  a	  method	  used	  for	  solving	  one	  physics	  problem,	  the	  problems	  must	  involve	  very	  similar	  
situations.	  
In	  doing	  a	  physics	  problem,	  if	  my	  calculation	  gives	  a	  result	  different	  from	  what	  I’d	  expect,	  I’d	  trust	  the	  

calculation	  rather	  than	  going	  back	  through	  the	  problem.	  	  
The	  subject	  of	  physics	  has	  little	  relation	  to	  what	  I	  experience	  in	  the	  real	  world.	  
To	  understand	  physics,	  I	  sometimes	  think	  about	  my	  personal	  experiences	  and	  relate	  them	  to	  the	  topic	  

being	  analyzed.	  
When	  studying	  physics,	  I	  relate	  the	  important	  information	  to	  what	  I	  already	  know	  than	  just	  memorizing	  
it	  in	  the	  way	  it	  is	  presented.	  

Doing	  projects	  in	  alternative	  energy	  makes	  me	  more	  interested	  in	  physics.	  
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Graphs	  of	  the	  student	  responses	  for	  the	  CLASS	  questions	  

Contrast	  Group	   Treatment	  Group	  

Conceptual	  Understanding	  Questions	  

	  
	  

The	  contrast	  	  group	  had	  a	  22.3%	  agreement	  with	  the	  expert’s	  view.	  
The	  treatment	  group	  had	  a	  22	  %	  agreement	  with	  the	  expert’s	  view.	  

This	  represented	  a	  	  -‐0.3	  %	  difference	  (Treatment	  –	  Contrast).	  
	  

	  
	  

The	  contrast	  	  group	  had	  a	  77.4%	  agreement	  with	  the	  expert’s	  view.	  

The	  treatment	  group	  had	  a	  65.8	  %	  agreement	  with	  the	  expert’s	  view.	  
This	  represented	  a	  -‐11.6	  %	  difference	  (Treatment	  –	  Contrast).	  
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Personal	  Interest	  Questions	  

These	  questions	  are	  used	  to	  measure	  “personal	  interest”	  in	  physics.	  

	  
	  

The	  contrast	  	  group	  had	  a	  63%	  agreement	  with	  the	  expert’s	  view.	  
The	  treatment	  group	  had	  a	  58.5	  %	  agreement	  with	  the	  expert’s	  view.	  

This	  represented	  a	  	  -‐4.5	  %	  difference	  (Treatment	  –	  Contrast).	  

	  
	  

The	  contrast	  	  group	  had	  a	  59.3%	  agreement	  with	  the	  expert’s	  view.	  
The	  treatment	  group	  had	  a	  53.7	  %	  agreement	  with	  the	  expert’s	  view.	  

This	  represented	  a	  	  -‐5.6	  %	  difference	  (Treatment	  –	  Contrast).	  
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The	  contrast	  	  group	  had	  a	  50%	  agreement	  with	  the	  expert’s	  view.	  
The	  treatment	  group	  had	  a	  26.9%	  agreement	  with	  the	  expert’s	  view.	  
This	  represented	  a	  -‐23.1	  %	  difference	  (Treatment	  –	  Contrast).	  

	  

	  

The	  contrast	  	  group	  had	  a	  92.6%	  agreement	  with	  the	  expert’s	  view.	  
The	  treatment	  group	  had	  a	  87.8%	  agreement	  with	  the	  expert’s	  view.	  

This	  represented	  a	  -‐4.8	  %	  difference	  (Treatment	  –	  Contrast).	  

	  

	  

The	  contrast	  	  group	  had	  a	  83.4%	  agreement	  with	  the	  expert’s	  view.	  
The	  treatment	  group	  had	  a	  70%	  agreement	  with	  the	  expert’s	  view.	  
This	  represented	  a	  -‐13.4	  %	  difference	  (Treatment	  –	  Contrast).	  

38.9%	  
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General	  Problem	  Solving	  

	  
	  

The	  contrast	  	  group	  had	  a	  57.4%	  agreement	  with	  the	  expert’s	  view.	  
The	  treatment	  group	  had	  a	  58.5%	  agreement	  with	  the	  expert’s	  view.	  

This	  represented	  a	  1.1	  %	  difference	  (Treatment	  –	  Contrast).	  

	  
	  

The	  contrast	  	  group	  had	  a	  79.6%	  agreement	  with	  the	  expert’s	  view.	  

The	  treatment	  group	  had	  a	  82.9%	  agreement	  with	  the	  expert’s	  view.	  
This	  represented	  a	  3.3%	  difference	  (Treatment	  –	  Contrast).	  
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The	  contrast	  	  group	  had	  a	  69.8%	  agreement	  with	  the	  expert’s	  view.	  
The	  treatment	  group	  had	  a	  75.7%	  agreement	  with	  the	  expert’s	  view.	  

This	  represented	  a	  5.9	  %	  difference	  (Treatment	  –	  Contrast).	  

	  

	  

The	  contrast	  	  group	  had	  a	  44.5%	  agreement	  with	  the	  expert’s	  view.	  
The	  treatment	  group	  had	  a	  43.9%	  agreement	  with	  the	  expert’s	  view.	  
This	  represented	  a	  -‐0.6	  %	  difference	  (Treatment	  –	  Contrast).	  

39.1%	  
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The	  contrast	  	  group	  had	  a	  36.5%	  agreement	  with	  the	  expert’s	  view.	  
The	  treatment	  group	  had	  a	  26.8%	  agreement	  with	  the	  expert’s	  view.	  

This	  represented	  a	  -‐9.7	  %	  difference	  (Treatment	  –	  Contrast).	  

	  
	  

The	  contrast	  	  group	  had	  a	  64.8%	  agreement	  with	  the	  expert’s	  view.	  
The	  treatment	  group	  had	  a	  68.3%	  agreement	  with	  the	  expert’s	  view.	  
This	  represented	  a	  3.5	  %	  difference	  (Treatment	  –	  Contrast).	  

	  
	  

The	  contrast	  	  group	  had	  a	  70.4%	  agreement	  with	  the	  expert’s	  view.	  
The	  treatment	  group	  had	  a	  70%	  agreement	  with	  the	  expert’s	  view.	  

59.3%	  
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Effort	  

	   	  

The	  contrast	  	  group	  had	  a	  87.1%	  agreement	  with	  the	  expert’s	  view.	  

The	  treatment	  group	  had	  a	  80.5%	  agreement	  with	  the	  expert’s	  view.	  
This	  represented	  a	  -‐6.6%	  difference	  (Treatment	  –	  Contrast).	  

	  

Real	  World	  Connection	  

	  
	  

The	  contrast	  	  group	  had	  a	  88.9%	  agreement	  with	  the	  expert’s	  view.	  
The	  treatment	  group	  had	  a	  70.8%	  agreement	  with	  the	  expert’s	  view.	  

This	  represented	  a	  -‐18.1%	  difference	  (Treatment	  –	  Contrast).	  

	   	  

59.3%	  
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The	  contrast	  	  group	  had	  a	  70.4%	  agreement	  with	  the	  expert’s	  view.	  
The	  treatment	  group	  had	  a	  73.9%	  agreement	  with	  the	  expert’s	  view.	  

This	  represented	  a	  2.9	  %	  difference	  (Treatment	  –	  Contrast).	  

	  
	  

The	  contrast	  	  group	  had	  a	  72.2%	  agreement	  with	  the	  expert’s	  view.	  
The	  treatment	  group	  had	  a	  82.9%	  agreement	  with	  the	  expert’s	  view.	  

This	  represented	  a	  10.7%	  difference	  (Treatment	  –	  Contrast).	  

Alternative	  Energy	  in	  Physics	  

	  
	  

The	  contrast	  	  group	  had	  a	  70.3%	  agreement	  with	  the	  expert’s	  view.	  
The	  treatment	  group	  had	  a	  90%	  agreement	  with	  the	  expert’s	  view.	  
This	  represented	  a	  19.7%	  difference	  (Treatment	  –	  Contrast).	  
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Analysis of Positive Statements, Negative Statements, or Neither Statements 

Gender Positive 
Statements 
(N) 

Positive 
Statements 
(n, %) 

Negative 
Statements 
(N) 

Negative 
Statement 

Neither 
Statements 
(N) 

Neither 
Statements 
(%) 

Female 
Group 

13  21 % 5 8 % 45 71% 

Male 
Group 

6 6 % 13 13 % 84 81% 

Mixed 
Group 

11 10 % 6 6 % 88 84% 

 
 

Team Name Gender Achievement  
Level 

Positive 
Comments 

Negative 
Comments 

Intrinsic 
Motivation 

Extrinsic 
Motivation 

Finance Female High 9 2 1 0 
Finance Female High 1 1 1 0 
Organizers Female High 3 2 3 0 
Cistern Female Low 0 0 0 0 
       
Cabinet Male High 0 0 0 2 
Bloggers/Grant 
Writers 

Male High 2 8 2 0 

Facilitators Male Medium 4 2 1 1 
Video Project Male Medium 0 3 1 0 
       
Hazmat Mixed High 0 0 0 1 
D4 Mixed Medium 5 4 3  
Outside Bay 
Door 

Mixed Medium 6 2 1  

Trench Group Mixed Low 0 0 1  
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Lawson 
Test 

FCI 
Pre 

 FCI 
Post 

 %Gain 

3      
            

16 6 20% 15 50% 38% 
10 4 13% 9 30% 19% 
11 4 13% 10 33% 23% 
18 10 33% 21 70% 55% 
14 5 17% 24 80% 76% 
18 5 17% 16 53% 44% 
21 17 57% 26 87% 69% 
17 2 7% 6 20% 14% 
19 14 47% 29 97% 94% 
19 9 30% 27 90% 86% 

8  0% 12 40% 40% 
11 4 13% 11 37% 27% 

    23 77% 77% 
20 7 23% 16 53% 39% 

            
13 7 23% 11 37% 17% 
18 8 27% 23 77% 68% 
21 9 30% 15 50% 29% 
15 10 33% 22 73% 60% 
21 6 20% 25 83% 79% 
14  0% 27 90% 90% 
13  0% 20 67% 67% 
19 16 53% 18 60% 14% 
18 6 20% 11 37% 21% 
14  0% 13 43% 43% 
15 3 10% 6 20% 11% 
20  0%  0% 0% 
15 5 17% 20 67% 60% 
14 5 17% 23 77% 72% 

            
9 7 23%  0 0% 

16 3 10% 25 83% 81% 
17 12 40% 20 67% 44% 
11 10 33% 20 67% 50% 
16 6 20% 24 80% 75% 
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17 7 23% 24 80% 74% 
19 10 33% 26 87% 80% 
18 7 23% 24 80% 74% 
17 9 30% 22 73% 62% 
15 6 20% 21 70% 63% 
14 15 50% 24 80% 60% 
10 9 30% 23 77% 67% 
13 10 33% 19 63% 45% 
10 6 20% 23 77% 71% 

9 9 30% 21 70% 57% 
15 9 30% 26 87% 81% 
16 9 30% 21 70% 57% 
14 6 20% 24 80% 75% 
16 5 17% 23 77% 72% 

7 7 23% 21 70% 61% 
14 9 30% 22 73% 62% 
13 10 33% 25 83% 75% 

3 6 20% 2 7% -17% 
7 6 20% 24 80% 75% 

18 14 47% 23 77% 56% 
  0% 20 67% 67% 
  0% 23 77% 77% 

17  0% 23 77% 77% 
  0% 22 73% 73% 

18 11 37% 26 87% 79% 
  0% 20 67% 67% 
   7 23% 23% 

13 3     

 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
i	  The	  longest	  barrier	  reefs,	  in	  order,	  are	  the	  Great	  Barrier	  Reef	  in	  Australia,	  the	  barrier	  reef	  off	  the	  coast	  of	  Belize	  
and	  surrounding	  Central	  America,	  and	  finally	  the	  Florida	  Keys,	  which	  stretch	  from	  Miami,	  FL	  to	  the	  Dry	  Tortugas,	  75	  
miles	  offshore.	  
ii	  Source:	  www.NOAA.gov.	  	  NOAA	  –	  National	  Oceanic	  Atmospheric	  Administration	  


