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Abstract 
This Action Research study attempts to ascertain to what extent teaching high school 

physics students to acquire greater Grit, a term conceived of by Angela Duckworth to explain 
passion and persistence aimed at long-term goals, influences their performance and 
confidence. Particular attention is given to students in Advanced Placement and International 
Baccalaureate sections, as these students must display extreme amounts of Grit to succeed in 
their culminating exams. The results of the analyses are statistically inconclusive. Data shows 
a statistically significant FCI gain for the Treatment Group, while showing no statistical 
significance in the Grit gain. However, the tool used to assess Grit lacks statistical support for 
its use in evaluating pre-to-post Grit score changes. Survey data and anecdotal evidence are 
used to support the claim that students did benefit from Grit lessons, interwoven into their 
physics instruction. Therefore, these investigators suggest further investigation into sound 
methods used for assessing Grit changes and the effects of Grit instruction in high school 
physics classrooms. 
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Rationale 
Grit is passion AND perseverance aimed at long-term goals; neither of those traits are 

mindset. A person with an open mindset may be more likely to also have a high Grit Score. So, 
the question is why would we choose to study Grit? The Investigators teach high level high 
school physics courses. Such curricula place high academic demands on students and, for 
many bright students, provide one of the first major academic challenges they have while in high 
school. The pressure experienced by these students is intense. The Investigators believed the 
combination of Modeling Instruction, accompanied by a specially designed Grit curriculum, 
would help their students become “grittier”, more confident, and stronger in their physics content 
knowledge. 
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Introduction and Literature Review 
 

Often, high school physics courses are the first experiences bright students have with a 
course causing them significant academic difficulty. The American Physical Society has a 
brochure entitled “7 Myths About High School Physics” (American Physical Society 2019). Myth 
#1 deals with the idea that many students believe physics is difficult and may hurt their high 
school grade point average. If students can be helped to increase their “Grittiness” or to have 
greater persistence with physics as a difficult subject, students may be able to impact their own 
academic performance. Duckworth and Quinn showed a correlation between Grit Score and 
report card grades in a study targeting teenagers (Duckworth and Quinn, 2009). Grit is also 
shown to be a predictor for retention to the US Military Academy (Duckworth et al., 2007), 
attainment of higher-educational degrees, and success in the National Spelling Bee (Duckworth 
and Quinn, 2009). 

 
So what exactly is Grit? Angela Duckworth, of the University of Pennsylvania, is 

responsible for coining the term Grit with the definition being “...passions and persistence for 
long-term goals” (Duckworth & Quinn, 2009). Passion is a characteristic Duckworth explains as 
the ability a person has to stay committed to a goal over long spans of time, culminating in many 
years of experience (Perkins-Gough, 2013). This is a difficult topic to integrate into a high 
school classroom simply because of the age of the students. The argument could be made that 
students need a few more years to define and determine their passions. “While students might 
be passionate about some subjects or activities, they are unlikely to be passionate about all 
subjects in high school” (Ivcevic, & Brackett, 2014). Persistence is a characteristic Duckworth 
explains as the ability a person has to keep trying, even after experience, or multiple 
experiences, with failure (Perkins-Gough, 2013). This characteristic has more relevance to a 
high school physics classroom than passion, if it is true that a high school physics classroom will 
provide students with increased academic challenge. It is important to understand that Grit is 
persistence, being able to handle failure and keep trying, and passion, or being committed to 
the same endeavor or interest over long periods of time. Those two subtopics are complicated 
and multi-faceted. 

 
Duckworth’s work has been independent of Stanford University psychologist Carol 

Dweck’s work on fixed and growth mindsets, yet the two researchers find their work has areas 
of interesting overlap. Growth mindset is related to Duckworth’s Grit idea of persistence, but 
they are not the same thing. Growth mindset is the idea that “I can get better if I try harder” and 
a person with this mindset is more likely to respond to frustration by willingly trying again 
(Perkins-Gough, 2013). The willingness to respond to failure or frustration by trying again is the 
perseverance component of Grit. So, understanding growth mindset is important in the context 
that mindset could be related to a person’s tendency toward perseverance and it could be 
beneficial to explore the relationship between mindset and Grit. 
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Grit has been studied in multiple settings. According to Reed and Jeremiah, “Some 
synonyms for Grit are tenacity, persistence, resilience, stamina, and perseverance. Each of 
these by itself could certainly be considered as a predictor of achievement, but the combination 
of qualities can ‘create a whole that is greater than the sum of the parts’ (Reed and Jeremiah, 
2017). In the famous “marshmallow experiments” with preschoolers, children were rewarded 
when they controlled themselves to wait a given amount of time. According to Reed and 
Jeremiah, “follow up studies with the same students when they reach the age of SAT 
completion in high school, revealed an average of 210 points higher scores for those students 
who self-regulated” (Reed and Jeremiah, 2017). Another study investigated Grit within the 
context of a flipped classroom in a college learning environment. The study reported, “In 
general, learners with a high level of Grit have a higher degree of self-control, are less likely to 
quit learning, and thus obtain higher academic achievement. The US Department of Education 
reported that Grit is required to overcome the challenges and obstacles learners face at school 
or in life in order to achieve long-term, high-level goals” (Yoon, 2018). The research indicates 
that Grit is more important in academic environments where learning is more student-centered 
than teacher-centered. This indicates that Grit is investigated more fully in a classroom where 
student-centered instruction is emphasized. Modeling Instruction provides just such an 
environment. 

 
Modeling Instruction in high school physics began in the mid 1980’s in the Arizona 

classroom of Malcolm Wells, building upon the constructivist Learning Cycle developed in the 
1960’s by Robert Karplus and the Science Curriculum Improvement Study (Jackson, 2008). 
Karplus’s Learning Cycle consists of three types of activities with which students engage: 
exploration, invention, and discovery. During the exploration phase, students “learn through 
their own actions and reactions as they explore new materials and ideas,” raising “questions, 
complexities, and contradictions” along the way (Lawson, 2001). While in the invention stage, 
students are introduced to key terminology and concepts that allow them to piece together an 
explanation of the patterns and observations from the exploration phase. Lastly, students apply 
their new conceptual knowledge in increasingly new and novel ways. By doing so, students 
expand the organization of the concepts into a more accessible form (Lawson, 2001). Modifying 
the Learning Cycle, Wells developed a two-pronged approach called the Modeling Cycle: “in this 
method, using the computer as a scientific tool and working with simple lab equipment, students 
build conceptual and mathematical models of physical systems from their own experimental 
data and then apply these models to solve problems” (Jackson, 2008). Each unit taught with the 
Modeling Cycle begins with a hands-on paradigm experiment in which students make 
observations and develop questions. Then, in small collaborative groups, students make 
representations of what they observed. These representations take the form of diagrams, charts 
and graphs, mathematical equations, and/or written statements. These representations are the 
first iteration of the developing model. In order to refine their scientific models, students engage 
in a variety of activities that deploy the desired model. During this time, students once again 
work collaboratively to employ their developing models to solve problems (Hestenes, Wells, 
Swackhamer, 1992). The results of this initial treatment were overwhelmingly positive as 
demonstrated by above-average increases in scores on the Force Concept Inventory (FCI) 
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developed under the guidance of David Hestenes and Malcolm Wells of Arizona State 
University (Hestenes et al., 1992). The FCI is designed to determine the level at which students 
understand Newtonian Mechanics. It is a tricky survey, digging into commonsense beliefs about 
motion and force that are incompatible with Newtonian concepts. Positive results continue to be 
replicated in science classrooms the world over (Hestenes, 2010). All of the treatment groups, 
and a portion of the contrast groups, are taught using the Modeling Cycle, and as this paper 
addresses only physics classrooms, the participating teachers use a subset of Modeling 
Instruction titled Modeling Physics. However, it is important to note that the teachers 
participating in this study have a wide range of modeling experience, and as such, may have 
varying degrees of success using Modeling Methods of instruction.  Some of the contrast 
groups are taught in classrooms without the Modeling Cycle, so their data collection serves as a 
baseline comparison for the effects of the Modeling Cycle. 

 
While many studies found positive correlations between Grit and student achievement, 

not all studies reached the same conclusions. In a study of adults: “Grit predicted achievement 
and success in the expected direction; however, it could not be conclusively differentiated from 
other established self-control measures, particularly in predictive models, calling into question 
the utility of Grit as a conceptually and empirically distinct construct from self-control.” (Vazsonyi 
et al., 2019) However, previous action research projects completed by MNS students (McKeon, 
2019 and Flores, Lemons, and McTernan, 2011) provided promising evidence that a Growth 
Mindset positively influences the academic achievements of physics students. Grit, though 
often discussed alongside Mindset, is not the same concept. Grit is the application and 
extension of Mindset, and is therefore the natural research progression following Mindset 
studies. 

 
Research has shown that Modeling Instruction provides an effective overall learning 

environment for high school physics students. Since most Grit studies involve college 
classrooms, it is logical to investigate the relationship of Grit, achievement, and student 
confidence in a high school environment where such relationships have not been established. 
Therefore, we chose to teach students Grit, to see if learning Grit, in conjunction with Modeling 
Instruction, helps students develop the skills necessary to increase their Grittiness and if an 
increase in Grittiness leads to measurable increases in their achievement and confidence. 
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Treatment Methods: 
 

Investigator Statements 
Investigators A and Comparison Group Teachers (CGT) D and E teach at a large public 

high school in a mid-size, southern-Californian city. The school serves a population of 3,345 
students in grades 9-12. The population is 46% white, 26% Hispanic/Latino, 1% Native 
American, 1.8% Pacific Islander, 3% African American, 11% Asian and 11% two or more races. 
14% of enrolled students qualify for free/reduced lunch programs.  Investigator A worked with 
56 IB Physics SL1 students, split into two classes of 33 and 23 students, and 74 AP Physics 1 
students, split into three classes of 29, 26 and 19 students (Treatment Group 1). CGT D 
worked with four Physics classes having 35, 31, 36, and 34 students (Comparison Group 5). 
CGT E worked with two Physics classes having 34 and 37 students each (Comparison Group 
6). Investigator A is an experienced teacher who took an 18-year hiatus from public high school 
teaching.  This Investigator has used advanced guided inquiry methods since 1996, but has 
only been using formal Modeling Instruction for the last 3 school years. CGTs D and E are 
experienced teachers who do not use Modeling Instruction. 

 
Investigator B teaches at a diverse public high school serving the downtown area of a 

mid-sized city in Colorado. There are 1,817 total students enrolled: 481 in 9th grade, 455 in 10th 
grade, 435 in 11th grade, and 446 in 12th grade. The student population is very diverse with 
approximately 48% of students reporting as white, 33% Hispanic, 8% African-American, 2% 
Asian, 1% Native American/Native Alaskan, 0.5% Pacific Islander, and 8% identifying with two 
or more races. 57% of enrolled students qualify for free/reduced lunch programs. Investigator B 
worked with 43 students in IB Physics SL, split into two classes of 25 and 18 students 
(Treatment Group 2), and 44 students in general physics, split into classes of 32 and 12 
(Comparison Group 4). Investigator B is an early-career teacher who has been implementing 
Modeling Instruction for two years. 

 
CGT C teaches at a large public high school in the suburbs of a large city in northern 

California. This school includes grades 9-12 and has a total population of 1,872 total students; 
476 in 9th grade, 494 in 10th grade, 446 in 11th grade, 428 in 12th grade, 49% female, and 
51% male. The general population of the high school is American Indian/Alaskan Native 0.3%, 
Asian 8%, Black 1%, Hawaiian Native/Pacific Islander 1%, Hispanic 14%, White 70%; and two 

 
1 The International Baccalaureate (IB) Programme offers classes at the Standard Level (SL) and 
Higher Level (HL). Both SL and HL versions of a class share Core concepts, with SL containing just 
these concepts and HL going above and beyond the Core. In IB Physics, the Core is approximately 
65% of the entire HL curriculum. It is recommended by IB that all courses in the Programme take 
two years to complete, but the majority of schools in the United States designate just one year to SL 
courses. Thus, IB Physics students in a one-year SL course must learn 65% of the HL curriculum, 
but in less than 50% of the time (Headlee, 2017). 
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or more ethnicities 6%. Within the school 14% of the student population is designated 
economically disadvantaged with 9% receiving free lunch and 5% receiving reduced-price 
lunch. CGT C works with 64 students all in AP Physics 1 ranging from the 10th to the 12th 
grades (Comparison Group 3). CGT C is an experienced teacher who has been using 
Modeling Instruction for over two decades. 

 
Student subjects were divided into Treatment (Grit) Groups and Comparison Groups. 

Groups 1 and 2 were the Treatment Groups, and included AP (Advanced Placement) and IB SL 
students. Groups 3-6 were the Comparison Groups, and included students enrolled in general, 
honors, and AP classes. The investigator statements above indicate the groups associated with 
each of the investigators and comparison group teachers. All Groups took three pre surveys: 
Force Concept Inventory (FCI) described above, a combination of the Grit Test developed by 
Angela Duckworth and the Growth Mindset Test developed by Carol Dweck, and the Colorado 
Learning Attitudes About Science Survey (CLASS) developed by a team at the University of 
Colorado (Adams, Perkins, Podolefsky, Dubson, Finkelstein,Wieman, 2006). The Grit and 
Growth Mindset tests were combined to simplify what the other teachers needed to administer. 
The Grit portion determines the “grittiness” of a person on a scale of 1 to 5, with 5 being 
“extremely gritty.” The Mindset portion determines to what degree a participant displays 
characteristics of an open vs. closed mindset. This survey is out of 60 points, with higher scores 
indicating more open mindsets. The CLASS survey, designed to show student perceptions of 
science, is graded by comparing the students’ answers to the answers of professional scientists. 
The higher the student score, the more closely the student’s views of science aligns with that of 
scientists. The CLASS has over 40 individual questions, which researchers have found are best 
analyzed when sorted into these 8 categories (these categories can be seen below in Fig. 7). 
All classes took the FCI during class time in order to abide by strict security and time limits, and 
then a web link was provided to handle the Grit/Mindset survey(s) and the CLASS survey. 
These surveys could be taken in or out of class, dependent upon the decision of the teacher. 

 
In addition to the above mentioned surveys, the Treatment Groups (Groups 1-2) also 

took Anton Lawson’s Classroom Test of Scientific Reasoning (CTSR) as a pre-test (Lawson, 
1978). The CTSR was administered to assess students’ scientific reasoning ability, as research 
has shown that the CTSR pretest predicts growth in concept understanding (Coletta and 
Steinert, 2007). The first 22 multiple-choice questions in the CTSR instrument were scored in 
pairs, such that both questions in each pair must be correct to receive 1 point. Questions were 
paired in sequential order starting with question 1; e.g. 1 and 2 were paired, 3 and 4 were 
paired, and so on. Questions 23 and 24 were scored independently, which resulted in a 
maximum possible score of 13. Lower scores on the CTSR indicate more concrete thinking, 
higher scores indicating more abstract, formal thinking. Comparison groups were not asked to 
take this additional survey because teachers were already being asked to administer three 
lengthy assessments and we felt this one to be less directly focused on the research question. 

 
Groups 1 and 2 were taught using Grit/Mindset lessons accompanied by Modeling 

Instruction with each unit of the mechanics section of their IB Physics curriculum. The units 
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covered included: kinematics, balanced forces, unbalanced forces, 2D motion, circular motion, 
energy, and momentum. Groups 3-6 did not change anything about their classroom instruction. 
Groups 5 and 6 were taught using non-modeling methods and Groups 3-4 were taught using 
Modeling Instruction. 

 
The Treatment Groups used common assessments and surveys near the end of each 

mechanics unit, approximately every two weeks, to assess physics learning and Grittiness. 
These common assessments asked students to complete challenging, college-level physics 
questions related to the unit of study. The surveys had students reflect on their thinking (i.e. 
Grittiness) while working on the assessment. After these assessments, students had the 
opportunity to remediate and retake a similar assessment. The remediation process followed a 
prescribed sequence, common to Groups 1 and 2. This process required students to visit their 
teacher outside of class time, revise their first quiz, complete a second, similar assessment, and 
reflect on their Grittiness. 

 
The classroom environment for Groups 1 and 2 was established with the following 

characteristics intended to foster Grit development in students: 
● Within each unit, students had the opportunity to increase quiz grades based on the 

result of remediation and retaking similar formative assessments. Students could 
replace their first quiz grades with the second formative assessment. In order to take 
advantage of this opportunity, students had to go through the remediation process with 
their teacher, which included making corrections to the first formative assessment and 
arranging to take a similar formative assessment on their own time, based on teacher 
availability. 

● Within each unit, students had the opportunity to increase quiz grades based on the 
result of their unit test. For example, if a student scored poorly on a quiz, or portion of a 
quiz, but then scored higher on that concept on the unit test, the student had the 
opportunity, on their own time, to fill out a form showing this improvement and indicating 
to the teacher where that improvement was shown on the test. 

● Within the semester, students had the opportunity to increase a unit test grade by 
scoring higher on the semester’s final exam. The final exam grade could replace the 
lowest unit test grade. However, students must have come in to correct every unit test to 
qualify for that opportunity. 

 
Groups 3-6 had no change to the physics curriculum taught in their classrooms, with the 

teachers guiding their students through their normal, individualized mechanics sequence. 
 

While every attempt was made to include only Modeling IB Physics classrooms in the 
contrast groups, the limited number of IB Physics classes (incorporating Modeling) forced the 
investigators to gather data from non-Modeling and non-IB classrooms. While differences in FCI 
scores can most likely be attributed to the application of Modeling Instruction, this investigation 
will concentrate on correlations between FCI scores with the other evaluation instruments. 
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Grit/Mindset Lessons 
Multiple Grit lessons were compiled to be used by Investigators A and B with Groups 1 

and 2. The main idea was for students to have some element of the lesson they watched or 
read outside of class and then teachers had an activity or short discussion in class to support 
what students watched or read. All of this material was intended to educate students about Grit, 
and their own mindset, so they could choose to make modifications in their thinking processes 
(metacognition) which would be beneficial to their ability to learn in a physics classroom, or 
actually in all learning environments. The materials used are listed in Appendix I. Investigator A 
used lessons 1, 3, 5, 6, and 7 with Group 1. Investigator B used lessons 1, 2, 3, 4, 5, and 6 with 
Group 2. Investigators A and B used their understanding of the students in their classes to 
present the lessons with timing determined to be most beneficial to those students, while also 
keeping the lessons coordinated between Investigators. At the conclusion of the Grit lessons, 
students were to take a final Student Reaction Survey intended to be a Likert Scale analysis of 
the level of perceived effectiveness of the treatment. This survey was to be given near the end 
of the school year. 
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Results and Analysis 
 

Populations 
 

Fig. 1: Summary Population Data 
 

The figure above shows the results of pertinent ANOVA and t-test analyses for each of 
the evaluation instruments given prior to the start of treatment. These evaluations were 
conducted as close to the beginning of the school year as each teacher could individually 
manage. These tests establish that the treatment and control groups came from different 
populations, with regard to the FCI and CLASS, but were from the same population for the 
combined Grit/Mindset Survey. The treatment groups (Groups 1and 2) were from the same 
population for all evaluation instruments. The control groups (Groups 3-6) were from the same 
population if CGT C’s scores were disregarded. CGT C was the only CGT of the control groups 
who taught using Modeling Instruction and the scores on the Pre-FCI for CGT C’s students 
indicate a more advanced level of beginning physics understanding compared to all other 
treatment and control groups. Translating to everyday language, all the students in our 
treatment group started their physics class with relatively the same level of knowledge, as did 
our comparison students (again minus group 3). However, the level of knowledge of the 
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treatment groups was different from that of the comparison. Details of the ANOVA and t-test 
analyses used to build Fig. 1 can be found in Appendix A, figures 9 through 15. 

 
Gains and Significance 

 

Fig. 2: Summary Post-Evaluation Results - Since the treatment and control groups are from different 
populations, we were unable to use comparison of group means to draw conclusions about the effects of 

Grit education. 
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FCI 

 
 

Fig. 3: Normalized gain of averages, <g>, calculated following Dr. Richard Hake. Such gains are very 
often within 5% of individual student normalized gains, <G>, used in Fig. 6 below (Hake, 1998a; Coletta, 
Phillips, and Steinert, 2007). Within the PER community, it is agreed that normalized gains are generally 
less than 0.3 for students learning through traditional teaching and between 0.3 and 0.6 for “Interactive 
Engagement.” Normalized gains above 0.7, achieved through any teaching method, are considered large 
(McKagan, Sayre, and Madsen, 2017). It should be noted that participants in Groups 4, 5, and 6 were 
asked to complete the post-FCI after schools had been shut down due to COVID-19. Because of this, 
very few students, if any, completed it. 

 
T-tests were used to analyze the post-evaluation results. In order to use t-tests in our 

analysis, the following assumptions were maintained: random sampling, normal data 
distributions, adequate sample size and equality of variance in standard deviation. The post-FCI 
gains for the treatment group were significant when considering all students, and also when 
considering females and males separately. We also conducted a t-test comparing the FCI gains 
of the comparison group to the treatment group and found the treatment group’s higher gains 
were significant when considering males and females together, and when comparing males 
from the treatment and control groups. This result can only be used as interesting information 
since the treatment and comparison groups were shown not to be from the same populations. 
The higher gains in the treatment group are most likely associated with Modeling Instruction, as 
both investigators of the treatment group utilized Modeling Instruction, and since Modeling 
Instruction has been shown to correlate to significant gains on the FCI. We are unable to use 
these statistical analyses to conclude mathematically that the Grit/Mindset treatment contributed 
to the FCI gains. It does, however, provide additional support to the already large data 
collection showing Modeling Instruction has a positive impact on physics education. 
Investigators A and B both utilized Modeling with the treatment group. CGT C was the only 
teacher who utilized Modeling with the comparison group. Thus, Modeling Instruction is most 
likely still responsible for the greater gains in FCI scores shown by CGT C, and thus the total 
Comparison Group gain shown in Figure 3. However, since the treatment and comparison 
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groups were not shown to be from the same population, the only statistically significant result 
we can pull from the FCI data is that the FCI gains of the treatment group (Groups 1 and 2) 
were significant when considering females and males together, males alone, and females alone. 
Analysis of FCI data for the treatment group can be found in Appendix A, figures 16, 17, 24, 26, 
and 27. 

 
CLASS 

The treatment group showed gains on the CLASS survey to be significant when 
considering males and females together and females alone, but the gains were not significant 
for treatment group males alone. In order to gather more information about whether or not the 
treatment of Grit education resulted in a difference in the CLASS gains, we looked at the 
categories for the CLASS questions. The CLASS survey’s 42 questions were separated into 8 
categories which have been determined using statistical analysis (Adams, 2006). The 
categories are shown below in Fig. 7. The first graph shows the comparison of the Pre-CLASS 
and Post-CLASS results for the treatment group (Groups 1 and 2). It also shows the change. 
The second graph shows only the categories with gains and shows the sizes of those gains. 
Our results showed a statistically significant gain in CLASS scores for the female students, but 
not for male students. What we cannot say is whether that change came as a result of 
Modeling Instruction, Grit Education, or some other common factor for the treatment group. It is 
interesting, however, that females were more affected than males. Figures 18 and 25 in 
Appendix A contain analyses of statistically significant CLASS data. 

 
Grit/Mindset 

ANOVA analysis of the Grit and Mindset survey provided good news: all groups were 
found to be from the same initial population. Splitting up the survey into its two constituents 
(Duckworth’s Grit survey and Dweck’s Mindset survey), and then the entire population into just 
the treatment and just the comparison, reached the same conclusion. From this analysis we can 
conclude that all the participating students entered their physics class with similar levels of grit 
and mindset. No mathematically significant results were found when analyzing the Grit and 
Mindset post scores for the treatment group. Finding a significant difference in the Grit or 
Mindset scores would have helped us determine the treatment had a positive effect on the 
learning in the treatment group’s classrooms. However, no statistical support was present in the 
analysis. Having said that, there is discussion of whether or not the Grit Scale works well for 
analysis of personal changes due to an applied treatment. In other words, the Grit score itself 
has been shown to work well as a predictor of behavior, but it is unclear whether or not 
treatments aimed at raising Grit Scores can accurately be assessed by using the pre-to-post 
changes in Grit Score.  The STEM Learning and Research Center (STELAR) is led by 
Education Development Center, Inc. (EDC) and is supported by a grant from the National 
Science Foundation.  This organization has provided the following information about Grit 
Scores: “Thus, it is uncertain whether they are valid indicators of pre- to post-change as a 
consequence of interventions” (STELAR, 2020). Without a purely quantitative mathematically 
appropriate way to analyze the Grit Score changes, it is important to utilize qualitative 
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observations and anecdotal evidence. A detailed analysis for all Grit and Mindset data can be 
found in Appendix A, figures 19 through 21. 

 
CTSR 
Comparing the pre and post scores of the CTSR shows a slight but statistically significant 
decrease in the CTSR scores of Treatment Group 1, but no significant change in scores for 
Treatment Group 2 or for the entirety of the Treatment group. Further inspection of the data 
showed that the drop in Group 1 scores can be equally attributed to drops in both the male and 
female scores. The slight increase in Group 2 scores, though insignificant, can be attributed to 
a rise in female scores. Special attention needs to again be drawn to the small sample size of 
Group 2. Figure 22 in Appendix A contains analysis of CTSR data. 

 
Gender Comparisons 

 

Fig. 4: Treatment Females Compared to Treatment Males 
 

The figure above shows the results of t-tests performed to compare the pre and post 
gains for each of the four evaluation instruments on the males and females of the treatment 
group. When gender gains were compared, no significant difference was found for any of the 
four evaluation instruments. This result indicates there is no statistical difference in the gains for 
males and females in the physics classroom, which we have chosen to interpret means males 
and females are taught in such a way that similar gains are experienced. In other words, the 
treatment group investigators’ teaching methods do not favor one gender over the other. The 
results of the Grit and Mindset Surveys could be interpreted as showing statistically significant 
differences in males and females. However, it is important to note the uncertainty surrounding 
the use of pre-to-post changes in these scores. Therefore, we have chosen not to recognize 
any significance in the analysis of the changes in the mean Grit or Mindset scores. The results 
of the statistical tests used to build Fig. 4 can be found in Appendix A, figures 23 through 32. 
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Correlations and Qualitative Research Observations 
In the absence of statistically significant results, we looked for information through 

correlations to ascertain the potential relationships among the analysis instruments. Since the 
treatment group supported a large and statistically significant FCI gain, we analyzed the 
correlations between FCI gains and the Pre-Grit, Pre-Mindset, Pre-CLASS and Pre-CTSR 
scores for students in the treatment group. Additionally, we analyzed the correlation between 
student normalized FCI gains, <G>, and pre-CTSR scores following the advice of Coletta, 
Phillips, and Steinert: 

 
Loosely speaking, <G> is the fraction of the concepts that a student learns that were not 
already known at the start of the course. It should be emphasized that <G> is the single 
student normalized gain and is not the same as Hake’s normalized gain <g>, obtained 
from the class averages of pre-test and post-test scores...The interpretation of <G> as a 
measure of learning, independent of a student’s initial state of knowledge, is justified by 
the fact that when other important factors such as reasoning ability are either accounted 
for or averaged over, students’ normalized gains are not correlated with pre-instruction 
scores. For example, in a study of 12,000 high school students’ FCI scores, Hestenes 
found that there was no significant correlation between <G> and FCI prescore 
(correlation coefficient r = 0.00). (Coletta et al., 2007) 

 
The relationship has shown to hold true, as shown in Coletta and Steinert’s article, Why 
normalized gain should continue to be used in analyzing preinstruction and postinstruction 
scores on concept inventories, published in February 2020: 

 
From 2007 to the present, FCI and Lawson data have been collected from 36 high 
school physics classes, taught by one of us at Arizona School for the Arts (ASA). Class 
average Lawson scores varied greatly and so did the values of class FCI g, which were 
very strongly correlated with Lawson scores. FCI normalized gain g was completely 
uncorrelated with FCI prescore.  This is yet another example showing no prescore bias 
in normalized gain g ....The strongest correlation is between FCI g-ind and Lawson score 
(r = 0.55, p < 10−4). (Coletta and Steinert, 2020) 
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Correlations 

Fig. 5: Correlations of Treatment Group FCI gains to Pre-Mindset and Pre-Grit Scores. 



19  

 

Fig. 6: Correlations of Treatment Group FCI gains to Pre-CLASS and Pre-CTSR scores. 
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Fig. 7: Pre and Post CLASS Categories; CLASS category gains. Note that “PS” stands for “Problem 
Solving.” The first chart shows the pre and post survey scores, along with an indication of the loss or gain 
in the score.The second chart shows only the categories with the greatest gains. Only one of the three 

problem solving categories showed gains. 
 

Fig 5 shows the correlations for the Pre-Grit and Pre-Mindset. Since we administered 
the Grit and Mindset in a combined format, we show results for the combination as well as each 
of the separate subscores. Each of the scatterplots displays a weak positive correlation 
between FCI gains and the pre-score. The strongest correlation, for this set of correlations, was 
between FCI gains and Pre-Mindset score. We cannot draw any causal conclusions from this 
information, but we can observe that students who entered the class with higher Grit and 
Mindset scores tend to have higher gains on the FCI. 

 
Correlations between FCI gains and the Pre-CLASS and Pre-CTSR are shown in Fig 6. 

The correlation is highest between FCI gains and the Pre-CLASS score, so students whose 
views are more closely aligned with those of professional physicists and scientists also tend to 
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have higher gains on the FCI. Another interesting note here is that female students’ 
Post-CLASS scores showed a significant gain. So female students coming into these 
classrooms, with thinking more aligned with the scientific community, also tend to become even 
more scientifically aligned in their thinking. However, our data analysis cannot identify the 
cause for the female CLASS gains. The source could be Modeling Instruction, Grit Education, 
or some other common factor for these classrooms. The correlation between FCI gains and 
Pre-CTSR is also weakly positive, with the explanation being that students with stronger 
scientific reasoning skills also tend to attain higher gains on the FCI. 
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Discussion and Conclusions 
All of these analyses provide interesting information, but we must use this information to 

attempt to answer our original research question: To what extent does teaching AP and IB 
Physics students about Grit, in a thoughtful and consistent manner coordinated with physics 
mechanics units, affect student performance and confidence? Technically, statistics requires us 
to say either that there is no effect or that we simply do not have enough data to make any 
claims. Certainly our data did not show a significant gain in Grit score or Mindset score. An 
increase in either of those parameters would be stronger evidence for a correlation between 
increased Grit and FCI scores as, at least partially, a result of Grit Education. Instead, we show 
only weak positive correlations between higher scores on Grit, Mindset, CLASS and CTSR 
pre-scores with FCI gains. 

 
For each of the mechanics units taught in the treatment classrooms, a common 

assessment was administered. Each time students took one of those common assessments, 
they also filled out a Likert Scale survey with questions pertaining to their Grit and mindset in 
coordination with their preparation and success on the quiz (the common assessments and 
Likert Scale survey are found in Appx. F). Examinations of the survey data did not help to 
clarify any of the other quantitative score data, as no distinct patterns appeared. Nothing of 
significance emerged from student comments, either. Many generic comments were seen over 
and over again, such as “study more next time,” “ask more questions in class,” “do the 
homework,” and a favorite of the Investigators: “write down we’re having a quiz, so I don’t 
forget.” We were, however, reassured by the high scores seen on question 2: “How well do you 
feel this assessment connected with the concepts covered in class?” This showed us that the 
questions on the common assessments were well connected to the concepts covered in class. 
One difficulty in our investigation was that the treatment and comparison classrooms had 
in-person school abruptly end in March 2020 instead of June 2020, due to COVID-19. Students 
were taught in online environments for the remainder of the school year. With this interruption, 
very few students in the comparison groups completed the entire battery of post-surveys. The 
sample size from our comparison group went from approximately 350 students at the beginning 
of the year to just 70 by the end. Additionally, most students in the treatment groups were not 
given the final Grit/Mindset survey, called the Student Reaction Survey, intended to provide us 
with additional information about the change in student perspective during the course of the Grit 
lessons.  The survey was sent out electronically after the end of the school year to students 
from Investigator A’s classes. Investigator B was unable to distribute the surveys due to a major 
end-of-year technology overhaul issued by the school district in which they work.  The full 
survey is listed in Appendix G, but the quantifiable results from a section of the survey are 
shown below in Fig. 8. 

 
For each of the listed questions, students chose a number from 1 to 5, with 1 being 

associated with “strongly agree” and 5 being associated with “strongly disagree”. “No opinion” 
would be a 3 on this scale. This sample of students only represents about 25% of Group 1’s 



23  

students, so it is not a majority of students from the treatment group, but the results provide 
strong evidence that the research question has merit and should continue to be studied. For 
each of these questions, students averaged an answer somewhere between “strongly agree” 
and “agree”, so for these students, being taught about Grit in their AP and IB physics classroom 
has made a positive impact in their lives. This type of Likert Scale survey is very likely to be a 
better measure of effects of treatments aimed at raising Grit Scores. If this is true, then this 
partial sample result provides strong, yet limited, evidence that the treatment was successful in 
changing student Grit. 

 
 

Learning about 
Grit was helpful to 

me. 

 
I will try to have a 
growth mindset in 

the future. 

Having a growth 
mindset can be 
helpful to me, 

outside of school. 

Learning about 
Grit has helped 

me to better face 
a challenging 

situation. 

I feel confident 
about my ability to 
do well in future 

classes. 

1.7 1.3 1.3 1.8 1.7 
Fig. 8: Student Reaction Survey Summary Likert Scale Averages (based on a 1-5 scale, 1 being “strongly 

agree”) 

 
From the investigator perspective, we saw evidence of positive classroom impacts of 

teaching Grit. Both Investigators A and B observed that many students took the opportunity to 
retake formative and summative assessments. Students began to embrace the idea that 
understanding coming later than expected was not a negative reflection of their academic 
ability. Here are a few of the comments received from students about Grit lessons when asked 
about suggestions for helping their teacher improve in the teaching of Grit (italics added for 
emphasis): 

 
“I don’t have any suggestions. However something that helped me and I think you should continue doing 
is repeating Grit a lot and tying it into what we’re learning. That was very helpful for me. “ - Student from 
the Treatment Group 

 
“(Teacher-name removed) has been one of my favorite teachers because she practices what she 
teaches. She constantly tells her students that it is okay to fail because failing helps you take a step back 
and learn from the mistakes that were made. Every time she messes something up or accidentally writes 
something down incorrectly she always takes ownership of the mess up, fixes it and moves on. She 
normalizes the idea that getting something wrong is not the end of the world if you take the time to learn 
from it. She role models Grit to her students on a daily basis and I think that is the best teaching of a 
concept that a teacher can do. I would also like to mention how (Teacher-name removed), through 
distance learning and all of the technical difficulties that came with it, was still able to provide a high level 
of teaching which again shows how she role modeled the concept of Grit to her classes on a daily basis. 
She never gave up or settled for less when it came to her goal of teaching her students despite her 
having to adapt to a whole new way of teaching due to the pandemic.” - Student from the Treatment 
Group 
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“The physics problems that we worked on this year were designed to challenge us and you knew that we 
could figure it out, but it was up to us to persevere and build up confidence in our own capabilities. For 
that, I am eternally grateful. Please never get rid of the flying pigs problem!!! That one was such a 
challenge, but once we figured it out, we realized that we knew a lot more than we gave ourselves credit 
for. I know for my group, we probably tried ten different methods and failed all except the last one, but it 
was the nine failed trials that allowed us to succeed on the tenth.” - Student from the Treatment Group 

 
Early in the school year, one of the investigators adopted the motto “we’ll get there” and 

quoted it whenever students began to show signs of frustration. The investigator hoped this 
class motto would remind students of the collaborative nature of learning and of the main 
precepts of Grit: perseverance when facing an obstacle and a passion for working towards 
long-term goals. Towards the end of the year, a student offered this unsolicited comment to the 
Investigator about the adoption of this motto: 

 
“When I started physics, I hated your motto and was actually really annoyed every time you said it. Your 
class was so hard, and I didn’t feel like I was making any progress in your class. But as time went on, I 
started to buy-in to what you were saying. I could tell I was learning and things were starting to make 
more sense. I can do things and understand things now I never thought possible at the beginning of the 
year. I’ve come to really appreciate the “we’ll get there” attitude.” --Paraphrased comment from a student 
in the Treatment Group. 

 
A parent recently emailed the following to one of the treatment group investigators: 

 
“I just wanted to take a few minutes to thank you for your time, energy, and dedication to your career and 
to the children who you teach. Most specifically, thank you for your presence in students’ lives this past 
school year. Your love for the subject you teach was infectious. The genuine transparency in your 
interactions, I believe, created an environment for my sons to feel safe to fail and thus to learn. I have 
observed this dynamic all year in their class with you. It was consistent even during distance learning 
which I must say was quite an accomplishment! I just want you to know that I noticed and am eternally 
grateful that you were their teacher this last year.” - parent of students in two different classrooms from 
the treatment group 

 
This final piece of anecdotal evidence is a letter, unassociated with the student data collection, 
received by one of the investigators of the treatment group. This student was probably 
misplaced at the beginning of the school year and would have been very successful, with much 
less work, in a less demanding physics course. Here is what she says about her experience in 
an IB physics classroom employing Grit education: 

 
“IB physics was the hardest class I've ever taken. With work and athletics, coming home to have a pile of 
physics work was the hardest thing to manage. But for some reason, I still fell in love with the concept and 
the challenge it gave me. I've been reflecting my time in this class and I think the biggest thing I learned 
from this class wasn't physics itself but Grit. Grit really stood out to me. This class taught me how to 
breathe and put everything down to work on one thing at a time. It taught me that no matter how hard the 
concept was I was willing to spend hours studying and I never realized that this would lead me to continue 
this in my life. For whatever you want in life, you have to spend hours and time focusing on what you want 
to achieve. You've taught me that it's not about the letter grade you receive but the work that you put 



25  

behind it. I never did well on any of these physics tests or quizzes but the amount of time and work I spent 
studying for them, taught me the value of Grit. The time I spent studying or doing the work you assigned, I 
knew I loved physics so I would spend so much time doing that even if I would fail. But you never looked 
at me any differently if I did. Which kept me going. I never wanted to quit because I was trying to do better 
than how I did before because you were so encouraging on growth .....No matter how hard and how 
stressed I was, I walked out of that class knowing more and more every day. I am now going to attend the 
University of California, Riverside to study business management with a minor in international relations. 
With your teachings, I will walk away...with the constant thought of growth. There's no such thing as 
failure when it comes to your class but always room for improvement. Thank you for continuing to treat 
me like every other person in that class even when I was failing and not doing well. Thank you for 
teaching me that the letter you get doesn't matter but the corrections that come with it will help me    
grow ..Thank you for everything you've taught me.” - Student from the Treatment Group; This student just 
found out she passed her AP Physics 1 Exam. 

 
Mathematically, our research did not show support for the idea that Grit scores increased for 
students taught using Modeling Instruction and Grit lessons in high school AP and IB Physics 
classrooms. Our continued reading has suggested the Grit Score itself should not be used to 
analyze pre-to-post changes as a result of an applied treatment. In other words, finding no 
significance in the difference between pre and post Grit score means may not provide us with 
adequate information for analyzing the treatment effect. However, our research question was 
about how Grit lessons affect student performance and confidence. Our limited final Likert 
Scale survey indicated that, potentially, the population’s confidence increased and that, at least 
for a number of individual students, the Grit lessons were impactful in ways we simply cannot 
measure. In the world of education, we prefer to observe solid statistical evidence, but we 
should not ignore the strong qualitative observational and anecdotal evidence supporting the 
positive effects of Grit lessons in the AP and IB Physics classroom. It is our hope that other 
educators find this information helpful and study the effects of such lessons in their own 
classrooms. 
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Implications for Further Research and Instruction 
Hoping that our research assists other educators investigating the topics of Grit and Mindset in 
their physics classrooms, we offer the following observations: 

 
Comparison Group Populations: We needed multiple comparison groups and looked for 
others teaching the AP and IB curricula, while also using Modeling Instruction. Unfortunately, 
we did not have success in gaining the cooperation of teachers fitting that very specific 
professional mold. To be able to truly find an effect from Grit lessons, we need to show a 
statistically significant gain in analyses for treatment groups compared with comparison groups 
from the same population. 

 
COVID-19: Unfortunately, our research was impacted by a global pandemic. Generally, we 
would have waited until the end of the school year to do post-tests. Instead, we did them at the 
conclusion of the common mechanics units.  This had the positive impact of actually providing 
us with data since we would have had no test results if we had waited until the end of the school 
year. In fact, this was one of the difficulties associated with our comparison groups. The 
comparison group teachers had not finished their mechanics unit teaching when schools 
transitioned to distance learning. They completed their final post-tests in an online learning 
format, which may or may not have compromised the quality of the post-test results. Another 
issue with the online format is that many fewer students completed the post-assessments. In 
addition, testing the treatment population before the end of the school year meant students were 
completing post-tests while in the middle of our next curricular unit, which happened to be 
rotational motion. Since rotational motion is a conceptually difficult unit, this could have affected 
the outlooks of the students as they took surveys related to their passion and perseverance. 
We would recommend waiting until the end of the school year so students have had an 
opportunity to work through all units and better judge their own success over the course of the 
academic year. 

 
Survey Changes: We provided students with Grit, Likert Scale, surveys each time they took an 
assessment common to all treatment groups. However, those surveys did not provide us with 
useful information. Instead, we suggest providing the Likert Scale surveys only to students who 
choose to take advantage of the opportunities to retake formative and summative assessments. 
Since we were only interested in ways a student’s Grit changed and how that correlated to their 
performance and confidence, we feel it would be better to survey the students who are going 
through the motions associated with the behavior expected of students with higher Grit scores. 
In addition, using pre-to-post Grit Score changes may not be a sound measurement approach. 
Thus, using Likert Scale surveys at the conclusion of the treatment may have more merit for 
determining the effectiveness of treatment. 
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Appendix A: Data 
 

Pre-Test Results for Treatment and Comparison Groups 
(Groups 1-6): Male and Female Combined 

 
Pre-FCI Results (Groups 1-6): Male and Female Combined 

Fig. 9: Pre-FCI ANOVA with α=0.05. The results showed F(5,529)=28.285 with a p-value=0.00, which 
indicates significance since the p-value is less than 0.05. The results show Groups 1-6 are not from the 
same population. Comparison Group Teacher C’s results (Group 3) made us look at the data a little 

more closely. Comparison Group Teacher C teaches using Modeling Physics and the average Pre-FCI 
score was significantly higher than for any other group. We removed this data from the Comparison 

Group to see if all other groups were from the same population and concluded that Groups 4, 5 and 6, 
were from the same population. Also, Group 2 had a small population size for analyses where paired 
pre-post survey data was required. This simply means that only a part of the total Group took both the 

pre and post survey. Those circumstances are denoted by an asterisk in the population size column (N) 
of the tables. 

 
 

Fig. 10: Pre-FCI results for Groups 1 and 2 tested using ANOVA with α=0.05. The results showed 
F(1,174)=1.431 with a p-value=0.233, which indicates no significant difference in the group means since 

the p-value is greater than 0.05. The results show Groups 1 and 2 are from the same population. 
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Fig. 11: Pre-FCI results( tested using ANOVA with α=0.05. The results showed F(2,289)=1.538 with a 

p-value=0.217, which indicates no significance since the p-value is greater than 0.05. 
 
 

Pre-Grit/Mindset Results (Groups 1-6): Male and Female Combined 
 
 

 
Fig. 12: For the combined Pre-Grit/Mindset, the results 
were tested using ANOVA with α=0.05. The results 
showed F(5,387)=1.424 with a p-value=0.215, which 
indicates no significance since the p-value is greater 
than 0.05. All of the Treatment and Comparison 
Groups test to be from the same population of 
students. 
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Pre-CLASS Results (Groups 1-6): Male and Female Combined 
 
 

 
Fig. 13: For the Pre-CLASS, the results were tested 
using ANOVA with α=0.05. The results showed 
F(5,396)=25.412 with a p-value=0.000, which indicates 
significance since the p-value is less than 0.05. Groups 
3, 5 and 6 are from the same population. 

 
 
 
 
 
 
 

 
Fig. 14: A t-test with zero within the 95% confidence interval of the difference, and a p-value=0.091 
showed Groups 1 and 2 were also from the same population for the Pre-CLASS. 
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Pre-Test Results for Treatment Groups (Groups 1 and 2): Male 
and Female Combined 

 
Pre-CTSR Results (Groups 1 and 2): Male and Female Combined 

 

Fig. 15: For the CTSR Pre-Test, the results were tested using ANOVA with α=0.05. The results showed 
F(1,155)=1.693 with a p-value=0.195, which indicates no significance since the p-value is greater than 
0.05. Therefore,the Groups 1 and 2 are from the same population for the Pre-CTSR. 

 

Post-Test Results for Treatment Groups (Groups 1 and 2): Male 
and Female Combined 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 16: Histograms showing the normal distribution of Treatment Group (Groups 1 and 2) scores. 
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Post-FCI Results (Groups 1 and 2): Male and Female Combined 

Fig. 17: Using a paired t-test at the α=0.05 level, the difference between the pre and post FCI means for 
Groups 1 and 2 is significant. The gains are significant for Group 1 alone, Group 2 alone, and the 
combination of Groups 1 and 2. Zero does not fall within the 95% confidence interval of the difference 
and the test reported a p-value=0.000, which is less than 0.05. This indicates the gains in the FCI are 
significant. 

 
Post-CLASS Results (Groups 1 and 2): Male and Female Combined 

Fig. 18: Using a paired samples test at the α=0.05 level, the difference between the pre and post CLASS 
means for Groups 1 and 2 is significant. The difference is also significant for Group 1 alone, but not for 
Group 2. Zero does not fall within the 95% confidence interval of the difference for the combined total 
Treatment Group, or for Group 1, and the test reported a p-value=.04 for the total Treatment Group and 
p-value=0.03 for Group 1, which is less than 0.05 in both cases. This means the CLASS gains are 
significant in these cases. 
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Post-Grit/Mindset Results (Groups 1 and 2): Male and Female Combined 

Fig. 19: Using a paired samples test at the α=0.05 level, the difference between the pre and post Grit 
means is not significant for the Grit Score, which was a subset of the combined Grit/Mindset Survey. Zero 
does fall within the 95% confidence interval of the difference and the test reported p-values=0.34, 0.75, 
and 0.45, which are all greater than 0.05. 

 
Fig. 20: Using a paired samples test at the α=0.05 level, the difference between the pre and post Mindset 
means is not significant for the Mindset Score, which was a subset of the combined Grit/Mindset Survey. 
Zero does fall within the 95% confidence interval of the difference and the test reported p-values=0.34, 
0.75, and 0.45, which are all greater than 0.05. 

 

Fig. 21:Using a paired samples test at the α=0.05 level, the difference between the pre and post Mindset 
means is not significant for the combined Grit Score/Mindset portion of the survey. Zero does fall within 
the 95% confidence interval of the difference and the test reported p-values=0.28, 0.46, and 0.39, which 
are all more than 0.05. 
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Post-CTSR Results (Groups 1 and 2): Male and Female Combined 
 
 

Fig. 22: Using a paired samples test at the α=0.05 level, the difference between the pre and post CTSR 
means is not significant for Group 2 and for Groups 1 and 2 combined. Zero does fall within the 95% 
confidence interval of the difference and the test reported p-values=0.79 and 0.98 are both greater than 
0.05. Group 1’s loss is statistically significant. It is of note that both the pre and post means indicate 
students are in the late transitional stage of scientific reasoning development, which falls between scores 
of 8-10 (Deming, 2012). Additionally, scores in the range demonstrated above fall between the 72nd and 
82nd percentile of students grade 10-12, established by a survey of over 5,000 students (Deming, 2010). 

 
Comparison of Post-Test Results for Treatment and Comparison 
Groups (Groups 1-6); Male and Female Combined 

 
Post-FCI Results - Comparison of Treatment and Comparison Groups; Male and 
Female Combined 

Fig. 23: Using an independent samples t-test at the α=0.05 level, the difference between the pre and post 
test gains for the Treatment Groups and Contrast Groups is significant for the combined FCI Test. Zero 
does not fall within the 95% confidence interval of the difference and the test reported a p-value=0.00, 
which is less than 0.05. The treatment group’s higher gains, when compared to control means, are 
significant. However, these results are not statistically reliable because the treatment and comparison 
groups are not from the same population. 
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Post-Test Results for Treatment Groups (Groups 1 and 2): 
Female Only 

 
Post-FCI Results (Groups 1 and 2): Female Only 

 

Fig. 24: Using a paired t-test at the α=0.05 level, the difference between the pre and post FCI means for 
the female students of Groups 1 and 2 is significant. Zero does not fall within the 95% confidence interval 
of the difference and the test reported p-values=0.00, which is less than 0.05. This indicates the gains in 
the test, for female students in Groups 1 and 2 combined, and for each Group alone, are significant. 

 
Post-CLASS Results (Groups 1 and 2): Female Only 

 

Fig. 25: Using a paired samples test at the α=0.05 level, the difference between the pre and post CLASS 
means for the female students in Groups 1 and 2 combined and Group 1 alone is significant. Zero does 
not fall within the 95% confidence interval of the difference and the test reported p-values=0.03 and 0.02 
are both less than 0.05. 
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Post-Test Results for Treatment Groups (Groups 1 and 2): Male 
Only 

 
Post-FCI Results (Groups 1 and 2): Males Only 

 

Fig. 26: Using a paired t-test at the α=0.05 level, the difference between the pre and post FCI means for 
the male students of Groups 1 and 2 is significant for the FCI. Zero is not within the 95% confidence 
interval of the differences and the p-value=0.000, less than 0.05, indicates the gains in the test are 
significant. 

 
Comparison of Post-Test Results for Females and Males of the 
Treatment Groups (Groups 1 and 2) 

 
Post-FCI Results - Comparison of Females and Males of Groups 1 and 2 

 

Fig. 27: Using an independent samples t-test at the α=0.05 level, the difference between the FCI mean 
gains for the Females compared to the Males of the Treatment Groups is not significant for the FCI Test. 
Zero is within the 95% confidence interval and p-values=0.87, 0.83, and 0.78 are all greater than 0.05. It 
is notable that Group 1 females, who were taught by a female teacher, showed larger post-FCI means 
than their male counterparts. The results from Group 2, taught by a male teacher, showed the opposite 
effect. However, the differences in the male/female means from both groups are statistically insignificant. 
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Post-CLASS Results - Comparison of Females and Males of Groups 1 and 2 

Fig. 28: Using an independent samples t-test at the α=0.05 level, the difference between the mean gains 
for the Males and Females of the Treatment Groups is not significant for the CLASS Survey. Zero is 
within the 95% confidence interval of the difference and p-values=0.63, 0.56, and 0.52 are all greater 
than 0.05. 

 
Post-Grit/Mindset Results - Comparison of Females and Males of Groups 1 and 2 

 

Fig. 29: Using an independent samples t-test at the α=0.05 level, the difference between the mean gains 
for the Males and Females of the Treatment Groups is significant for the Grit Survey for Group 1 alone 
and for Groups 1 and 2 combined. Zero is not within the 95% confidence interval of the difference and 
p-values=0.03 and 0.02 are less than 0.05. 
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Fig. 30: Using an independent samples t-test at the α=0.05 level, the difference between the mean gains 
for the Males and Females of the Treatment Groups is not significant for the Mindset Survey when looking 
at the . Zero is within the 95% confidence interval of the difference and p-values=0.06 is greater than 
0.05. 

 
Fig. 31: Using an independent samples t-test at the α=0.05 level, the difference between the mean gains 
for the Males and Females of the Treatment Groups is not significant for the Combined Grit/Mindset 
Survey. Zero is within the 95% confidence interval of the difference and p-values=0.07, 0.72, and 0.06 are 
all greater than 0.05. 

 
Post-CTSR Results - Comparison of Females and Males of Groups 1 and 2 

 

Fig. 32: Using an independent samples test at the α=0.05 level, the difference between the mean gains 
for the Males and Females of the Treatment Groups is not significant for the CTSR Survey. Zero is within 
the 95% confidence interval of the difference and p-values=0.65, 0.40, and 0.49 are all greater than 0.05. 
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Appendix B: Aggregated CTSR Data 

Fig. 33: CTSR Pre and Post Assessment Data showing number of students who correctly answered each 
question pair. 



44  

 

 
 

12- Item Grit Scale 

Appendix C: Grit Scale Survey 

Directions for taking the Grit Scale: Please respond to the following 12 items. Be honest – there 
are no right or wrong answers! 
1. I have overcome setbacks to conquer an important challenge. 

 
❑ Very much like me 
❑ Mostly like me 
❑ Somewhat like me 
❑ Not much like me 
❑ Not like me at all 

 
 

2. New ideas and projects sometimes distract me from previous ones. 
 

❑ Very much like me 
❑ Mostly like me 
❑ Somewhat like me 
❑ Not much like me 
❑ Not like me at all 

 
3. My interests change from year to year. 

 
❑ Very much like me 
❑ Mostly like me 
❑ Somewhat like me 
❑ Not much like me 
❑ Not like me at all 

 
 

4. Setbacks don’t discourage me. 
 

❑ Very much like me 
❑ Mostly like me 
❑ Somewhat like me 
❑ Not much like me 
❑ Not like me at all 

 
 

5. I have been obsessed with a certain idea or project for a short time but later lost interest. 
 

❑ Very much like me 
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❑ Mostly like me 
❑ Somewhat like me 
❑ Not much like me 
❑ Not like me at all 

 
 

6. I am a hard worker. 
 

❑ Very much like me 
❑ Mostly like me 
❑ Somewhat like me 
❑ Not much like me 
❑ Not like me at all 

 
 

7. I often set a goal but later choose to pursue a different one. 
 

❑ Very much like me 
❑ Mostly like me 
❑ Somewhat like me 
❑ Not much like me 
❑ Not like me at all 

 
 

8. I have difficulty maintaining my focus on projects that take more than a few months to 
complete. 

 
❑ Very much like me 
❑ Mostly like me 
❑ Somewhat like me 
❑ Not much like me 
❑ Not like me at all 

 
 

9. I finish whatever I begin. 
 

❑ Very much like me 
❑ Mostly like me 
❑ Somewhat like me 
❑ Not much like me 
❑ Not like me at all 

 
10. I have achieved a goal that took years of work. 

 
❑ Very much like me 
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❑ Mostly like me 
❑ Somewhat like me 
❑ Not much like me 
❑ Not like me at all 

 
11. I become interested in new pursuits every few months. 

 
❑ Very much like me 
❑ Mostly like me 
❑ Somewhat like me 
❑ Not much like me 
❑ Not like me at all 

 
 

12. I am diligent. 
 

❑ Very much like me 
❑ Mostly like me 
❑ Somewhat like me 
❑ Not much like me 
❑ Not like me at all 

Scoring: 

For questions 1, 4, 6, 9, 10 and 12 assign the following points: 
 

5 = Very much like me 
4 = Mostly like me 
3 = Somewhat like me 
2 = Not much like me 
1 = Not like me at all 

For questions 2, 3, 5, 7, 8 and 11 assign the following points: 

1 = Very much like me 
2 = Mostly like me 
3 = Somewhat like me 
4 = Not much like me 
5 = Not like me at all 

 
Add up all the points and divide by 12. The maximum score on this scale is 5 (extremely Gritty), 
and the lowest scale on this scale is 1 (not at all Gritty). 
Duckworth, A.L., Peterson, C., Matthews, M.D., & Kelly, D.R. (2007). Grit: Perseverance and 
passion for long-term goals. Journal of Personality and Social Psychology, 9, 1087-1101. 
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Appendix D: Personal Beliefs Survey/Growth 
Mindset Survey 

Please answer these survey questions about intelligence and personal qualities. You are asked 
to identify how much you agree or disagree with a statement. Select a number that best 
corresponds to your beliefs about the truth of the statement. If you believe completely in a 
statement you would mark a “1” and if you thought the statement was totally wrong, you would 
mark a “4”. 

 

Part I: 

“1” indicates you strongly agree and “4” indicates you strongly disagree. “2” and “3” are in 

between “agree” and “disagree”. 

 

1. You can learn new things, but you can’t really change how intelligent you are. 

2. You can always change basic things about the kind of person that you are. 

3. No matter how much intelligence you have, you can always change it quite a bit. 

4. You can do things differently, but the important parts of who you are can’t really be 

changed. 

5. No matter what kind of person you are, you can always change substantially. 

6. You are a certain kind of person, and there is not much that can really be done to change 

that. 

7. You can always substantially change how intelligent you are. 

8. Your intelligence is something very basic about you that can’t change very much. 
 
 

Part II: 
Read the situations. There are three situations given. Choose 2 of the situations that you can 
most relate to and respond to both. Be as clear as you can, and use complete sentences. For 
each answer choice try to include the following: 
1. Identify 3-4 feelings you would have in this situation. 
2. Identify at least two options for how you would respond. 

 

Situation A: 
You have started a class to learn a language about which you know little to nothing. After 2 
classes, the instructor calls you to the front of the room and starts throwing questions at you one 
after another. 
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Situation B: 
You are given math problems to solve for homework. At home you try the first problem and it 
looks really difficult. You skip to the second and it looks harder than the first! You are not sure 
where to begin. A quick glance at the others in the assignment reveals they are about the same 
difficulty. 

 

Situation C: 
You go to your favorite but most difficult class and wait in anticipation to get your test back. You 
thought you did really well on it. But when you receive it, you find out you got a C+ on it. After 
school in baseball practice you struck out twice, popped out and dropped a relay throw. You 
head home and get caught speeding. The officer gives you a ticket. When you get home you 
call your best friend but the friend says “I’m at work and can’t talk to you right now.” and hangs 
up. 
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Appendix E: CLASS (Colorado Learning Attitudes 
about Science Survey) 

 
Introduction 
Here are a number of statements that may or may not describe your beliefs about learning 
physics. You are asked to rate each statement by circling a number between 1 and 5 where the 
numbers mean the following: 

 
1. Strongly Disagree 
2. Disagree 
3. Neutral 
4. Agree 
5. Strongly Agree 

 
Choose one of the above five choices that best expresses your feeling about the statement. If 
you don't understand a statement, leave it blank. If you understand, but have no strong opinion, 
choose 3. 
Survey 

 
1. A significant problem in learning physics is being able to memorize all the information I 

need to know. 
 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

2. When I am solving a physics problem, I try to decide what would be a reasonable value 
for the answer. 

 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

3. I think about the physics I experience in everyday life. 
 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

4. It is useful for me to do lots and lots of problems when learning physics. 
 

Strongly Disagree 1 2 3 4 5 Strongly Agree 
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5. After I study a topic in physics and feel that I understand it, I have difficulty solving 
problems on the same topic. 

 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

6. Knowledge in physics consists of many disconnected topics. 
 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

7. As physicists learn more, most physics ideas we use today are likely to be proven 
wrong. 

 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

8. When I solve a physics problem, I locate an equation that uses the variables given in the 
problem and plug in the values. 

 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

9. I find that reading the text in detail is a good way for me to learn physics. 
 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

10. There is usually only one correct approach to solving a physics problem. 
 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

11. I am not satisfied until I understand why something works the way it does. 
 

Strongly Disagree 1 2 3 4 5 Strongly Agree 
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12. I cannot learn physics if the teacher does not explain things well in class. 
 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

13. I do not expect physics equations to help my understanding of the ideas; they are just for 
doing calculations. 

 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

14. I study physics to learn knowledge that will be useful in my life outside of school. 
 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

15. If I get stuck on a physics problem my first try, I usually try to figure out a different way 
that works. 

 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

16. Nearly everyone is capable of understanding physics if they work at it. 
 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

17. Understanding physics basically means being able to recall something you've read or 
been shown. 

 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

18. There could be two different correct values to a physics problem if I use two different 
approaches. 

 

Strongly Disagree 1 2 3 4 5 Strongly Agree 
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19. To understand physics I discuss it with friends and other students. 
 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

20. I do not spend more than five minutes stuck on a physics problem before giving up or 
seeking help from someone else. 

 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

21. If I don't remember a particular equation needed to solve a problem on an exam, there's 
nothing much I can do (legally!) to come up with it. 

 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

22. If I want to apply a method used for solving one physics problem to another problem, the 
problems must involve very similar situations. 

 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

23. In doing a physics problem, if my calculation gives a result very different from what I'd 
expect, I'd trust the calculation rather than going back through the problem. 

 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

24. In physics, it is important for me to make sense out of formulas before I can use them 
correctly. 

 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

25. I enjoy solving physics problems. 
 

Strongly Disagree 1 2 3 4 5 Strongly Agree 
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26. In physics, mathematical formulas express meaningful relationships among measurable 
quantities. 

 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

27. It is important for the government to approve new scientific ideas before they can be 
widely accepted. 

 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

28. Learning physics changes my ideas about how the world works. 
 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

29. To learn physics, I only need to memorize solutions to sample problems. 
 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

30. Reasoning skills used to understand physics can be helpful to me in my everyday life. 
 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

31. We use this statement to discard the survey of people who are not reading the 
questions. Please select agree-option 4 (not strongly agree) for this question to preserve 
your answers. 

 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

32. Spending a lot of time understanding where formulas come from is a waste of time. 
 

Strongly Disagree 1 2 3 4 5 Strongly Agree 
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33. I find carefully analyzing only a few problems in detail is a good way for me to learn 
physics. 

 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

34. I can usually figure out a way to solve physics problems. 
 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

35. The subject of physics has little relation to what I experience in the real world. 
 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

36. There are times I solve a physics problem more than one way to help my understanding. 
 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

37. To understand physics, I sometimes think about my personal experiences and relate 
them to the topic being analyzed. 

 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

38. It is possible to explain physics ideas without mathematical formulas. 
 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

39. When I solve a physics problem, I explicitly think about which physics ideas apply to the 
problem. 

 

Strongly Disagree 1 2 3 4 5 Strongly Agree 
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40. If I get stuck on a physics problem, there is no chance I'll figure it out on my own. 
 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

41. It is possible for physicists to carefully perform the same experiment and get two very 
different results that are both correct. 

 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

 
 

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

 

Strongly Disagree 1 2 3 4 5 Strongly Agree 
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Appendix F: Common Assessments and Common 
Assessment Survey 

 
Kinematics Quiz 1 

Name:   

Date:    

P.:    
 

A driver has a reaction time of 0.50 s and the maximum deceleration of her car is 6.0 ms-2. She 
is driving at 20 ms-1 when suddenly she sees an obstacle in the road 50 m in front of her. Can 
she stop in time to avoid a collision? 

 
 

Kinematics Quiz 2 

Name:   

Date:    

P.:    
 

Chameleons catch insects with their tongues, which they can rapidly extend to great lengths. In 
a typical strike, the chameleon’s tongue accelerates at a remarkable 250 ms-2 for 20 
milliseconds, then travels at a constant speed for another 30 milliseconds. During the total time 
of 50 milliseconds, or 1/20 of a second, how far does the tongue reach? 

 
 

Balanced Forces Quiz 1 
Name:   

Date:    

P.:    

The traffic light has a mass of 50.5 kg. What are the tensions in the two cables? 
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Balanced Forces Quiz 2 
Name:   

Date:    

P.:    
 
 

A 95 kg mass is supported by three cables. The two cables anchored to the ceiling make 

an angle of 30° with the ceiling. What are the values of T1 and T2? What is the value of 

T3? 

 
Unbalanced Forces Quiz 1 

Name:   

Date:    

P.:    
 
 

A cyclist and his bicycle travel at a constant velocity along a horizontal 
road. 

 
a. State the value of the resultant force acting on the cyclist. 

 
i. Draw labelled arrows to represent the vertical forces acting on the 

bicycle. 

ii. Explain why the cyclist and bicycle are travelling at constant velocity. 
 

b. The total mass of the cyclist and bicycle is 70 kg and the total resistive force acting on them 
is 40 N. The initial speed of the cycle is 8.0 m s–1. The cyclist stops pedalling and the bicycle 
comes to rest. 

 
i. Calculate the magnitude of the initial acceleration of the bicycle and rider. 

 
ii. Estimate the distance taken by the bicycle to come to rest from the time the cyclist stops 

pedalling. 

iii. State and explain one reason why your answer to b)(ii) is an estimate. 
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2D Motion Quiz 1 
Name:   

Date:    

P.:    
 

Christina stands close to the edge of a vertical cliff and 
throws a stone at 15 ms-1 at an angle of 45° to the 
horizontal. Air resistance is negligible. Point P on the 
diagram is the highest point reached by the stone and 
Point Q is at the same height above sea level as Point 
O. Christina’s hand is at a height of 25 m above sea 
level. 

a. At Point P, draw arrows to represent: 
i. The acceleration of the stone, A 
ii. The velocity of the stone, V 

b. Determine the speed with which the 
stone hits the sea. 

 
 
 
 
 
 
 
 
 

2D Motion Quiz 2 
Name:   

Date:    

P.:    
 

Look at the diagram to the right. Using the 
given information and a launch angle of 62°, 
find: 

a. The maximum height the projectile 
can reach 

b. Horizontal distance it covers 
c. Total time in the air 
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Circular Motion Quiz 1 

Name:   

Date:    

P.:    
 
 

A school bus of total mass 6500 kg is carrying some children to school. During the journey the 
bus needs to travel round in a horizontal curve of radius 150 m. The dynamic coefficient of 
friction between the tyres and the road surface is 0.7. Estimate the maximum speed at which 
the driver should attempt the turn. 

Circular Motion Quiz 2 

Name:   

Date:    

P.:    
 
 

A school bus of total mass 6500 kg is carrying some children to school. At one point during the 
trip, the bus needs to drive across a curved bridge with a radius of curvature of 75 m. Estimate 
the maximum speed the bus can go if the bus is to remain in contact with the road, given the 
coefficient of dynamic friction between the bridge and the tyres is 0.65. 

 
 

Energy Quiz 1 
Name:   

Date: 
 

P.:    
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Energy Quiz 2 
 

Name:   

Date:    

P.:    
 
 
 

The pendulum bob is moved to one side 
until its centre is 25 mm above its rest 
position and then released. 

a. Show that the speed of the 
pendulum bob at the midpoint of the 
oscillation is 0.70 m s–1. 

 
 

 
 

Momentum Quiz 1 

Name:   

Date:    

P.:    
 

Railway truck A moves along a horizontal track and 
collides with a stationary truck B. The two join 
together in the collision. Immediately before the 
collision, truck A has a speed of 5.0 m s–1. 
Immediately after the collision, the speed of the 
trucks is v. 
a. The mass of truck A is 800 kg and the mass of 

truck B is 1200 kg. 
i. Calculate v. 

 

ii. Calculate the total kinetic energy lost during the collision. 
 

b. Suggest where the lost kinetic energy has gone. 
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Momentum Quiz 2 

Name:   

Date:    

P.:    

During an in-class demonstration, Michael (102 kg) and Alex (98 kg) sit on a large 14-kg skate 
cart. Maya (44 kg) sits on a second 14-kg skate cart. The two carts are placed on low friction 
boards in the hallway. Michael pushes off of Maya's cart. Measurements are made to determine 
that Maya's cart acquired a post-impulse speed of 9.6 m/s. Determine the expected recoil speed 
of Micheal and Alex’s cart. 

 
 

Common Assessment Survey 
Name:   

Date:    

P.:    

1. How comfortable did you feel with the content on this assessment? 
 

Not at all comfortable 1 2 3 4 Very comfortable 

2. How well do you feel this assessment connected with the concepts covered in class? 
 
 

Not at all 1 2 3 4 Totally connected 

3. Do you think this assessment went well for you? 
 
 

Did not go well at all 1 2 3 4 I aced it! 

4. How much did you study for this assessment? 
 
 

None 1 2 3 4 I neglected other classes 

a. What did you do to study? 
 
 

5. Did you do anything different from the last assessment to prepare for this one? 
 

6. What could you do next time to help yourself improve? 
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Appendix G: Student Reaction Survey 
 

Please answer all questions openly and honestly. Your responses will not impact your course grade. 
 
 

1. Had you heard of Grit before this school year? If so, where did you hear it from? 

a. Never heard of it 
b. A teacher at this school 
c. At another school 
d. At home 
e. Other (please specify):    

 
 

2. On average, how often do you remember THIS teacher mentioning Grit in this school year? 

a. More than once a class period 
b. Once a class period 
c. Once a week 
d. Once a month 
e. Once a quarter 
f. Less than once a quarter 
g. Never 

 

3. On average, how often do you remember other teachers mentioning growth mindset in this school 

year? 

a. More than once a class period 
b. Once a class period 
c. Once a week 
d. Once a month 
e. Once a quarter 
f. Less than once a quarter 
g. Never 

 

Please say how strongly you agree or disagree with a statement. “1” indicates you strongly agree and “4” 

indicates you strongly disagree. “2” and “3” are in between, at “agree” and “disagree”. 

 

4. Learning about Grit was helpful to me. 
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5. I will try to have a growth mindset in the future. 

 
 

6. Having a growth mindset can be helpful to me, outside of school. 
 
 
 

7. Learning about Grit has helped me to better face a challenging situation. 
 
 
 

8. I feel confident about my ability to do well in future classes. 
 
 
 

Please answer the following questions in complete sentences. 
 
 

9. What is your current attitude (positive or negative) about Grit? 
 
 
 
 
 
 
 
 

10. Discuss a time when your awareness or and application of the principles learned in Grit lessons has 

been beneficial to you. This could be in an academic class or outside of school in an extracurricular 

activity or any other facet of your life. 

 
 
 
 
 
 
 
 

11. Help THIS teacher to do a better job teaching Grit. What suggestions do you have to improve the 

teaching of Grit? 
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Appendix H: Parental Permission Form 
The effect of teaching about Grit, in a high school Physics Classroom, on 

the academic performance and confidence of high school students. 

PARENTAL LETTER OF PERMISSION - COMPARISON GROUPS 
 

Dear Parent: 
 

We are a graduate team under the direction of Professor Robert Culbertson in the Department 
of Physics at Arizona State University. We are conducting a research study that measures the 
effects of teaching students about Grit (perseverance and passion) on student academic 
performance and confidence. Your child’s classroom will not be a treatment group and will not 
be taught the supplemental lessons on Grit. Nothing about your child’s physics curriculum will 
be changed in any way. 

 
We are inviting your child's participation, which will involve pre- and post-study assessments 
and surveys, conducted by your child’s physics instructor, in class and using Google Forms, 
between August 2019 and January 2019. Your child's participation in this study is voluntary. If 
you choose not to have your child participate or to withdraw your child from the study at any 
time, there will be no penalty (it will not affect your child's grade). Likewise, if your child chooses 
not to participate or to withdraw from the study at any time, there will be no penalty. The results 
of the research study may be published, but your child's name will not be used. In fact, you 
child’s name we never be recorded. 

 
There may be no direct benefit to your child participating in the study. There are no foreseeable 
risks or discomforts to your child’s participation. 

 
Any student assessments, surveys, or other sensitive information used in the study will be 
secured in key-locked locations or in a password-protected electronic format. Only members of 
the research team will have access to this information. When information is shared electronically 
only the codes for students will be transmitted and not their names. All information will be 
properly disposed of once the action research project has been officially completed. The results 
of this study may be used in reports, presentations, or publications but your child’s name, or 
other identifiable information, will not be used. 

 
If you have any questions concerning the research study or your child's participation in this 
study, please contact any member of the research team: (principal investigator) Dr. Robert 
Culbertson at (480) 965-0945 email: robert.culbertson@asu.edu, Tammy Draughon at (951) 
email: tdraughon@tvusd.k12.ca.us, or Nathaniel Lohmann at (719)-328-5000 email: 
nathaniel.lohmann@d11.org. 

 
Sincerely, 
Tammy Draughon and Nathaniel Lohmann 
Please sign the reverse side giving consent for your child to participate in this study. 
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The effect of teaching about Grit, in a high school Physics 
Classroom, on the academic performance and confidence 

of high school students. 
 

PARENTAL LETTER OF PERMISSION 
 
 

By signing below, you are giving consent for your child  (child’s 
name) to participate in the study outlined on the reverse side. 

 
 
 
 
 
 

Signature Printed Name 
Date 

 
 

If you have any questions about you or your child's rights as a subject/participant in this 
research, or if you feel you or your child have been placed at risk, you can contact the Chair of 
the Human Subjects Institutional Review Board, through the Office of Research InteGrity and 
Assurance, at (480) 965-6788. 
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The effect of teaching about Grit, in a high school Physics 
Classroom, on the academic performance and confidence 

of high school students. 
PARENTAL LETTER OF PERMISSION - TREATMENT GROUPS 

 
Dear Parent: 

 
We are a graduate team under the direction of Professor Robert Culbertson in the Department 
of Physics at Arizona State University. We are conducting a research study in your child’s 
physics classroom that measures the effects of teaching students about Grit (perseverance and 
passion) on student academic performance and confidence. This study seeks to identify 
whether the supplemental lessons on Grit produce gains in student academic performance and 
confidence in high school physics courses. 

 
We are inviting your child's participation, which will involve pre- and post-study assessments 
and surveys conducted by your child’s physics instructor in class and using Google Forms 
between August 2019 and January 2019. Your child's participation in this study is voluntary. If 
you choose not to have your child participate or to withdraw your child from the study at any 
time, there will be no penalty (it will not affect your child's grade). Likewise, if your child chooses 
not to participate or to withdraw from the study at any time, there will be no penalty. The results 
of the research study may be published, but your child's name will not be used. 

 
Although there may be no direct benefit to your child, participation in the study may help your 
child develop a stronger awareness of their own mindset and Grit, help them apply those ideas 
in academic and other life situations, and become generally more successful in physics 
coursework. There are no foreseeable risks or discomforts to your child’s participation. 

 
Any student assessments, surveys, or other sensitive information used in the study will be 
secured in key-locked locations or in a password-protected electronic format. Only members of 
the research team will have access to this information. When information is shared electronically 
only the codes for students will be transmitted and not their names. All information will be 
properly disposed of once the action research project has been officially completed. The results 
of this study may be used in reports, presentations, or publications but your child’s name, or 
other identifiable information, will not be used. 

 
If you have any questions concerning the research study or your child's participation in this 
study, please contact any member of the research team: (principal investigator) Dr. Robert 
Culbertson at (480) 965-0945 email: robert.culbertson@asu.edu, Tammy Draughon at (951) 
email: tdraughon@tvusd.k12.ca.us, or Nathaniel Lohmann at (719)-328-5000 email: 
nathaniel.lohmann@d11.org. 

 
Sincerely, 

 
Tammy Draughon and Nathaniel Lohmann 
Please sign the reverse side giving consent for your child to participate in this study. 
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The effect of teaching about Grit, in a high school Physics 
Classroom, on the academic performance and confidence 

of high school students. 
 

PARENTAL LETTER OF PERMISSION 
 
 

By signing below, you are giving consent for your child  (child’s 
name) to participate in the study outlined on the reverse side. 

 
 
 
 
 

 

Signature Printed Name 
Date 

 
 

If you have any questions about you or your child's rights as a subject/participant in this 
research, or if you feel you or your child have been placed at risk, you can contact the Chair of 
the Human Subjects Institutional Review Board, through the Office of Research Integrity and 
Assurance, at (480) 965-6788. 
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Appendix I: Grit/Mindset Lessons 
 

Lesson Description Links/Sources Notes 

#1 
Angela 
Duckworth - Grit 

What separates 
successful students from 
those who struggle? In 
this video Angela Lee 
Duckworth explains her 
theory of "Grit" as a 
predictor of success. 

https://ed.ted.com/lesso 
ns/grit-the-power-of-pas 
sion-and-perseverance- 
angela-lee-duckworth#re 
view 

Have students watch the 
video and then answer the 
question: What is GRIT? 
Have a discussion with 
students to make sure they 
understand the concept and 
how it applies to their physics 
classroom. 

#2 
Grit Playbook 

E xpert Practice 
 
This is the lesson 
material provided by 
Angela Duckworth on her 
site. 

https://characterlab.org/ 
playbooks/Grit/ 

Use the overview video and 
then page 11 from the Grit 
Playbook. Have students 
write answers to the 
questions associated with 
page 11 in addition to a 
question about how it relates 
to physics. Use page 24 to 
guide discussion after 
students answer questions. 

 
Link to reflection document 
for students. 

#3 
Why perfect 
grades don’t 
matter. 

Most American students 
strive for a 4.0 GPA and 
the highest test scores, 
but research shows that 
this quest for perfection 
actually discourages 
creativity and reduces 
academic risk-taking. In 
this episode of “School 
Myths” by The Atlantic, 
Alice Roth investigates 
why grades aren’t 
everything when it comes 
to education. 

https://ed.ted.com/featur 
ed/ltryN5j7#watch 

This is a TEDEd Lesson and 
works well to generate 
discussion about learning in 
the classroom. Have 
students watch the video 
and answer the THINK 
questions separately or in 
groups. Have a group 
discussion based on the 
questions posed in 
DISCUSS and end the 
lesson with the information 
provided in ..And Finally 

#4 
Grit Playbook 

T wo Stories 

This is the lesson 

https://characterlab.org/ 
wp-content/uploads/sites 
/10/2019/03/Grit_twostor 

Have students use page 2 to 
think about their own 
success and failure. Hold a 
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 material provided by 
Angela Duckworth on her 
site. 

ies.pdf class discussion to help 
students make a connection 
between what they have 
learned with their success 
and failure and their physics 
classroom performance. 

#5 
The First 20 
Hours 

Success is in the eye of 
the beholder. Whether 
achieved through 
conventional or 
unconventional means, 
everyone has the 
opportunity to be 
successful. You are to 
watch "The First 20 Hours" 
by Josh Kaufman, answer 
the questions, review two 
success stories, 
participate in a discussion, 
and then complete an 
assignment that is to be 
turned in. 

https://ideas.ted.com/do 
nt-have-10000-hours-to-l 
earn-something-new-tha 
ts-fine-all-you-need-is-2 
0-hours/ 

 
https://ed.ted.com/on/Im 
q14bHp 
This is a lesson 
someone else created 
with this TEDTalk but 
with other resources 
attached. 

This lesson could be used 
after students have had an 
opportunity to become 
frustrated by physics being 
hard. It might be appropriate 
after circular motion or 
anywhere the teacher feels 
some students have had 
multiple “failure” experiences 
and need an additional 
boost. It could be helpful to 
use an “expert” 
whiteboarding activity with 
students to reflect on this 
TEDTalk. 

#6 
Carol Dweck - 
Mindset TEDTalk 

Carol Dweck researches 
“growth mindset” — the 
idea that we can grow 
our brain's capacity to 
learn and to solve 
problems. In this talk, she 
describes two ways to 
think about a problem 
that’s slightly too hard for 
you to solve. Are you not 
smart enough to solve it 
… or have you just not 
solved it yet? A great 
introduction to this 
influential field. 

https://www.ted.com/talk 
s/carol_dweck_the_pow 
er_of_believing_that_yo 
u_can_improve 

This is the “author” of 
mindset discussing it. 

 
Have students watch the 
video and then have a class 
discussion about the “Power 
of Yet”. 

#7 
Growth vs Fixed 
Mindset 

This lesson introduces the 
ideas of the fixed and 
growth mindsets to 
students. What are the 
benefits of a growth 
mindset? Watch to find 

https://ed.ted.com/featur 
ed/qrZmOV7R 

This is a TEDEd Lesson and 
works well to generate 
discussion about learning in 
the classroom. Have 
students watch the video 
and answer the THINK 
questions separately or in 



 

 out!  groups. Have a group 
discussion based on the 
questions and end the lesson 
with the information provided 
in ..And Finally, giving 
students a challenge. 

#8 
Grit Thoughts of 
the Week 

These are short quotes 

or thoughts associated 

with Grit. 

https://characterlab.org/t 
houghts-of-the-week/ 

I think it would be great to 
have these on view for 
students each week 
somewhere or somehow in 
the classroom. 

#9 
Grit Success 
Stories 

15 Famously Successful 

people who failed at their 

first try. 

https://greatperformersa 
cademy.com/motivation/ 
15-famously-successful- 
people-who-failed-at-thei 
r-first-try 

These could be used as 
short motivational moments 
in the classroom to connect 
students to Grit. 

#10 Coach Carter https://www.youtube.co This could be shown to 
Grit Success 
Stories 

 
From Wikipedia, the free 
encyclopedia 

m/watch?v=6p3GaCwvU 
oE 

generate discussion about 
Grit and to then make a 
connection to success in the 

 Coach Carter is a 2005 
American biographical sports 
drama film directed by 
Thomas Carter. It is based on 
the true story of Richmond 
High School basketball coach 
Ken Carter (portrayed by 
Samuel L. Jackson), who 
made headlines in 1999 for 
suspending his undefeated 
high school basketball team 
due to poor academic 
results.[2][3][4] 

 classroom. The story could 
be shared if showing a video 
clip violates copyright laws or 
school policies. 

 


