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Abstract 
 
There is a big push within the STEM community towards incorporating computer 
programming education. Being able to write code for a computer is seen as a highly 
marketable skill in the 21st century and educators are making claims that coding education 
boosts student engagement and motivation. The investigator had committed to joining 
STEM educators across the world to incorporate coding into their curriculum but was 
disappointed by the lack of evidence of improving engagement and motivation as well as 
curious to see if it could help conceptual understandings of physics. Students were 
required to participate in a two-week coding curriculum with a final project of  creating a 
videogame that demonstrates their understanding of forces and motion from class, for 
example characters can’t accelerate in mid air when there is no force to cause them to do 
so. Results indicate that students didn’t improve their motivation in school and that their 
understanding of force not improve after being exposed to a unit on coding. 
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Rationale 

 
 Conversations with school counselors, students, and parents indicate that students perceive 
physics as hard and intimidating. A student who isn’t motivated to accomplish difficult things does not 
often find success in a freshman physics course, from which many students find to be difficult to recover. 
Intrinsic motivation is what drives true learning, concept mastery, and resilience, whereas extrinsic 
motivators focus students on outcomes like grades. Motivation should be measured by their learning 
goals and mastery of concepts rather than student grades or their attempts to appear smarter than their 
peers. In order to be successful students need to persevere when they are challenged.  

The fundamental philosophy of Modeling Instruction is to challenge preconceptions about the 
natural world, encourage students to challenge their own ideas and those of others, engage students in 
constructing valid arguments, and to build and revise mental models of the natural world. Perseverance in 
the face of challenge is a hallmark of what Carol Dweck (2006) calls a “growth mindset.” An indicator of a 
growth mindset in students is when the student treats every challenge and failure as an opportunity to 
improve their skills. Challenges to the pre-existing mental models held by a student without the growth 
mindset can seem like a criticism of the student themselves rather than a criticism of the model. With this 
attitude, any criticism is perceived as an indicator that they are somehow less intelligent than their peers 
rather than as a call to revise and improve the model itself.  Previous research conducted by Holly 
McTernan, David Flores, and Allison Lemons (2011) and her colleagues has shown a positive correlation 
between student mindset and student achievement in a Modeling Instruction classrooms. 

Computer programming has been successful at engaging students and allowing them to drive 
their own learning at their own pace while including students from all backgrounds. Computer scientists, 
from professional programmers to beginning coders, know that a program rarely works the first time and 
needs constant revision and readjustment. Coding automatically rewards those who work to improve and 
master a new skill by requiring incremental improvement to the execution of the code.  

The driving idea behind this investigation is to test whether or not students can gain the benefits 
of mindset training, without explicit mindset training, while also fostering student understanding of 
kinematics concepts through the development of coding skills. Integrating a coding curriculum into a 
freshman modeling physics classroom has been seen as so important that the American Modeling 
Teachers Association has partnered with STEMteachersNYC and the American Association of Physics 
teachers to enable physical science teachers to develop these skills in their students (Megowan-
Romanowicz, 2016). 

Methods were chosen because the investigator’s classroom is highly dynamic. Classroom 
composition is highly variable with fluctuating groupings of students from day-to-day. This makes the 
implementation of a contrast group unfeasible. The mindset assessment developed by Carol Dweck has 
been vetted before and used in multiple studies, notably the study conducted by Holly McTernan, David 
Flores, and Allison Lemons (2011). This will aid the investigator in comparing the efficacy of the treatment 
to other methods. The original force concept inventory was developed by David Hestenes, Malcolm 
Wells, and Gregg Swackhamer (1992) and adapted in 1995 by Ibrahim Halloun, Richard Hake, and 
Eugenia Mosca. The simplified version has been found by research to be more appropriate to high school 
freshmen. The Force Concept Inventory is a tested tool to assess student understanding of forces, it has 
been used by hundreds of studies and can be used for comparison with the research of others. The 
Physical Science Concepts Inventory is based on an instrument constructed by the Physics 
Underpinnings Action Research Team at Arizona State University in June of 2000 . The Physical Science 
Concepts Inventory's 25 questions include released TIMSS and NAEP questions and questions from 
other research-informed inventories for grades 8 and 9. The first eight questions are paired questions on 
scientific thinking skills (conservation of mass and volume, proportional reasoning, control of variables) 
from the Classroom Test of Scientific Reasoning, an internationally used research-informed instrument by 



 

Professor Anton "Tony" Lawson, ASU School of Life Sciences (2000). Collecting data before, during, and 
after the treatment will help to triangulate the efficacy of the treatment. 

Scratch was chosen over other programming languages because it is more intuitive and less 
prone to syntax errors. Students are able to drag and drop blocks of code in a visual way that is built on 
the python coding language. Scratch itself is focused on building games and animations and has a large 
community to provide support for both teachers and students. To build student understanding of 
kinematics students engaged in project based learning activity with the goal of building a videogame that 
is consistent with our understanding of physics in terms of force and acceleration.  

 
 



 

 
Literature Review and Theoretical Perspective 

 
 Traditional introductory physics courses have left a lot to be desired. Lectures, diagrams, and 
equations fall short of developing a true understanding for students (Hestenes 2010). Educational 
researchers are developing and refining new ways for students to build conceptual models of the physical 
world around them by challenging their ideas through experimentation. This “modeling” movement is 
“grounded in science, research-based, and thoroughly classroom tested” (Hestenes 2010). The process 
itself is not exclusive to the physics classroom and is applicable to “every field of science” education 
(Hestenes 1997). While a great deal of time is spent exploring the 17th century physical principles that 
govern the world, our students are entering the job markets of the 21st century. Computer science is one 
of the essential skills of the 21st century and of great utility to all scientists who are now adding 
computational models to empirical and theoretical models of understanding the universe (Guzdial 2015). 
Since the introduction of the computer and world wide web, a literate citizen is one that is computer 
literate and able to read and write code in order to communicate and accomplish difficult tasks (Guzdial 
2015). Educators have observed that a coding curriculum increases student motivation and learning 
(Dawson 2015) and so a unit on coding may add  to the accepted and tested modeling approach. 
 The Modelling Method of High School Physics developed by David Hestenes and Malcolm Wells 
at Arizona State University has led to a tremendous amount of growth on the part of both the investigator, 
other educators, and the students who take part in it. The National Science Foundation supported 
Modeling Instruction has been recommended by both the National Science Education Standards and 
National Council of Teachers of Mathematics Standards, as well as Benchmarks for Science Literacy as a 
unifying theme for science and mathematics education (Jackson et al., 2008). Members of modeling 
learning communities work together to construct models of what they observe by posing questions, 
constructing experiments, collecting and analyzing data, and communicating results. In the process 
preconceptions are challenged and ideas must stand up to the evidence provided. Often times competing 
ideas take the floor at the same time and a consensus must be reached as to which conclusions have the 
most evidence to support them.  

Holly McTernan, David Flores, and Allison Lemons note that “If the Modeling Method of Physics 
is to be maximally effective, students should hold a set of beliefs about what they should value in the 
learning setting – away from points and right answers and toward deep and well-connected 
understanding” since ideas will constantly be challenged due to the nature of instruction and dialogue 
(Megowan-Romanowicz, 2011). Students who value learning and mastering skills over looking smart and 
performing well have been studied by social psychologists, Megowan-Romanowicz, and her colleagues 
who found a positive correlation between explicitly teaching these attitudes and performance in a 
modeling setting (Megowan-Romanowicz, 2011). The training they used was developed by social 
psychologist Carol Dweck who conducted studies about students’ performance in various settings and 
found “evidence that students’ mindsets play a key role in their math and science achievement. Students 
who believe that intelligence or math and science ability is simply a fixed trait (a fixed mindset) are at a 
significant disadvantage compared to students who believe that their abilities can be developed (a growth 
mindset)” (Dweck, 2008). The types of goals students set are a strong indicator of mindset and in turn 
approaches to and achievement in learning. Students who set performance goals seek to look smart, 
avoid looking dumb, and evade attempting tasks that they may not immediately succeed at. In contrast, 
students who set learning goals want to get better at what they are doing and challenge themselves to do 
harder tasks that they may not be sure they can immediately accomplish (Dweck 2000). These goals are 
not mutually exclusive and often come into conflict within the same student. When a student writes 
performance goals though they often have a hard time adapting what they have learned to a new 
situation (Dweck 2000). Being able to apply information in new ways is critical to building mental models, 
as models are constructed more as a cohesive units that build upon each other and less as a seemingly 



 

disconnected collection of facts (Jackson 2008). Study participants have had this difference in goal 
orientation communicated to them the day school starts as “being a student” vs “being a learner (21st 
Century Learning, 2009).” Terry Heick describes the difference this way: “Students hopefully learn, but 
the word ‘student’ connotes compliance and external form more than anything intrinsic or enduring... 
...You might notice the ‘C students’ silently piecing together the learning process for themselves -- 
internalizing it, throwing out what didn't work, struggling in spots, but all the while becoming learners. 
They'd rarely question grades or ask, ‘What can I do for an A?’ Instead, they'd focus on the interaction 
between themselves and the content (2013).”  

Modeling Instruction relies heavily on the use of technology to collect and analyze data and Dr. 
Hestenes has stated that  

“An expert system is a computer program capable of skilled problem-solving performance in 
some specific domain. Clearly, such a program cannot be written until the necessary procedural 
knowledge can be precisely described. The development of expert systems for specialized 
applications, from the daily adjustment of airline fares to medical diagnoses, is expanding rapidly. 
This will undoubtedly have a major economic and social impact over the next two decades 
(Hestenes, 1997).”  
This statement seems to lend itself to the idea that more computer literacy should be developed 

within the modeling environment. Mark Guzdial makes a strong call to action on the part of science 
educators “If science educators are really in the business of training scientists, it is essential that they 
make sure students are computer literate (Guzdial, 2015).”  

Computer literacy has a variety of really profound benefits for education. Gerard Dawson argues 
that because code rarely works correctly the first time students learn confidence through failure and to 
ask for help while solving real world problems (2015). Dweck found that changing mindsets of students 
towards failure closed the achievement gap for women and minorities (2011) and Merle Huerta argues 
that coding also provides opportunities for creativity and inclusion (2015). A study conducted by John 
Sweller supports Hestenes’ assertion (1997) that computational thinking improves problem solving skills 
by having them decompose problems into abstract components (Sweller, 1988). Learning any second 
language, including coding, increases the brain’s neuroplasticity, its ability to reorganize and adapt 
(Mechelli, 2004). This is seen as so beneficial that coding has been proposed to be accepted as a foreign 
language by the Florida State Senate (Ring, 2016).     

Florida isn’t only seeking more adaptive students but more employable students. They aren’t the 
only group of people who see the value in coding. New York mayor Bill de Blasio has proposed a 
comprehensive effort to expose every student to computer science (Equity and Excellence: Mayor de 
Blasio Announces Reforms to Raise Achievement Across all Public Schools 2015) because computer 
literacy is also a highly demanded skill in a 21st century job market. After De Blasio’s announcement “an 
open letter was released signed by over two dozen technology industry representatives, including the 
President of Microsoft, the CIO of Google, and a co-founder of Facebook. They praised the 
announcement and wrote: We need talent, we need it now, and we simply cannot find enough (Guzdial 
2015).” Anecdotal evidence from three employers about the future state of the job market is one thing, but 
on a national scale the Bureau of Labor Statistics expects the employment of software developers to grow 
at much faster than the average rate of all occupations, 17% from 2014 to 2024. They attribute this 
increase to a growing demand for computer software (n.d.).  U.S. News and World Report listed the top 
25 STEM jobs and 3 of the top 5 and 8 of the top 25 involve looking at, revising, and creating computer 
programs. What about the other 17 STEM jobs? Guzdial argues that these are what he refers to as end-
user-programmers and that “for every professional software developer, there are at least four end-user 
programmers—and possibly as many as nine, depending on how you define “programming” by end-users 
(e.g., is creating a spreadsheet programming?)... ...It’s harder to use the computer to be an end-user 
programmer than to be an end-user (2015).”  



 

Modeling Instruction has changed the way science is taught. Changing students’ approach to 
school and the goals they want to accomplish changes their educational success. Learning to code can 
change a student’s way of approaching school and provide them with an incredibly valuable skill set as 
learners, communicators, and employees. The need to incorporate and integrate coding into our physics 
classrooms is so great that the “American Modeling Teachers Association (AMTA) announced that the 
organization was selected, in partnership with lead organization STEMteachersNYC, and the American 
Association of Physics Teachers (AAPT), to receive a $195,000 grant from 100Kin10” to start working to 
make it a reality. The possibility that learning to code will also increase overall success through changing 
student mindsets is very exciting and worthy of investigation.  

 



 

 
Method 
  

1. Jared Washburn is a teacher at Bioscience High School, a Phoenix Union High School District 
(PUHSD) specialty school focused on math and science. It is located in downtown Phoenix and 
serves a total population of roughly 300 students. Student ethnicities include 73% Hispanic, 14% 
Anglo, 5% African American, 2% Native American, and 7% Asian. Bioscience is a Title I school 
and 100% of students receive free or reduced lunch. This investigator worked with approximately 
19 freshmen enrolled in a freshman level conceptual physics course. 
 

2. No contrast group was used in this method. The investigator did not have classes with 
consistent groupings of students, thus comparing a group which received treatment to 
one which did not was not possible.  

 
3. Permission 

a. All students/participants in the study were under 18 years of age and provided written 
consent to participate in the study, signed by their parent or legal guardian. 
  

4. Pre-Treatment 
a. At the beginning of the course, Carol Dweck’s Mindset Assessment Profile was 

administered to students in order to assess their attitudes toward learning. 
b. At the beginning of the course the Simplified Force Concept Inventory was administered 

to students in order to assess their understanding of kinematics and Newton’s Laws. 
c. At the beginning of the course the Physical Science Concept inventory was administered 

to students to test their ability to think through science problems.  
d. Grade point average data was collected for the quarter prior to treatment. 

 
5. Treatment 

a. Following three units of study, constant velocity, constant acceleration, and Newton’s 
Laws, students were engaged in a 3-week unit of study on computer coding. The 
culminating performance assessment asked students to create a videogame that will be 
consistent with physical models previously developed in the course about velocity, force, 
and acceleration.  

b. At the start of this unit students were assessed using the same Force Concept Inventory. 
c. At the start of this unit students were assessed using the same Physical Science Concept 

Inventory. 
d. At the start of this unit students were assessed using the same mindset survey. 

 
6. Post assessment 

a. At the end of the unit students were re-assessed on the Simplified Force Concept 
Inventory. 

b. At the end of the unit students were re-assessed with the same mindset survey. 
c. At the end of the unit students were re-assess with the same Physical Science Concept 

inventory. 
d. Grade point average data was collected for the quarter including and after treatment. 
e. Students were asked to complete a survey on their attitudes toward the coding unit itself. 

 



 

 
Analysis 

 
As a contrast group was not feasible due to classroom constraints all data collected was paired 

for each of the 19 students in the study. A paired sample t-test was therefore used to analyze the change 
in the mean scores from before and after treatment for each assessment. In order to use a t-test data 
must be normally distributed and this distribution can be examined through the use of Q-Q plots.  
 
Hypothesis testing 

Null hypothesis:  
 H0:µD=0 
 There was no significant change in the mean score. 

Alternative hypothesis:  
 Ha:µD>0 
 The mean score increased. 

A significance level of 5 percent was chosen because the results of these assessment will inform 
further teaching practices. 
α=5% chosen because this is typical of education research. 

For a 1-tailed test with a population of 19 the t value is 1.734. 

Force Concept Inventory Growth 

  

The above Q-Q plots show a fairly normal distribution allowing the paired sample t-test to be run. 

 
We reject the null hypothesis, the results have less than a 5% chance of being due to random chance. 
 



 

Physical Science Concept inventory 

 
The distributions for the Physical Science Concept inventory were also normally distributed as 
demonstrated by the Q-Q plots allowing the use of the paired sample t-test. 
 

 
We accept the null hypothesis, there is more than a 95% chance that the difference in means is due to 
chance. 
 
Mindset Survey 
 

 
The above Q-Q plots show a fairly normal distribution of values for the Mindset Survey allowing the paired 
sample t-test to be used. 
 



 

 
We accept the null hypothesis, there is more than a 95% chance that the difference in means is due to 
chance. 
 
GPA 
 

 
The Q-Q plots show a fairly normal distribution allowing the use of the paired sample t-test 
 

 
We reject the null hypothesis, the results have less than a 5% chance of being due to random chance. 
 
STEM GPA 

 



 

 
The distributions of the STEM courses GPA are fairly normal allowing the use the of the paired sample t-
test. 

 
We reject the null hypothesis, the results have less than a 5% chance of being due to random chance. 
 
 
 
Item Analysis of the FCI 
By concept: 

 
 
By Question: 
Question 6 

 
 
Question 7 



 

 
 
Question 8 
 

 
 
Question 11 

 
 
Question 23 

 
 
Question 24 



 

 
 
Question 17 

 
 
Question 25 

 
 
Item Analysis of the Mindset Survey 
Question 5 and 6 seemed to be the most direct measurement of the specific attitudes of revising code 
after failure. 
Question 5: "I like work that I'll learn from even if I make a lot of mistakes" 
Question 6: "I like my work best when I can do it perfectly without any mistakes" 



 

 
We must accept the null hypothesis, that the change in the mean response for both questions was more 
than 95% due to chance. 
 
Qualitative survey results about the coding unit itself 
This survey was subject to response bias as only 7 of the 19 study participants responded anonymously. 

 

 
 
 



 

 

 



 

 
 



 

 
Case Study: A Student Who Improved 
 
 While quantitative data showing positive effects of learning to code eluded the researcher, there 
are qualitative improvements that merit recording. The student who seemed to have gained the most from 
coding was the one who was least likely to be on task during the rest of the year: the student who always 
needed to go to the bathroom, sharpen their pencil, or get a drink. When scratch was introduced the 
student immediately found a greater affinity for their seat and was suddenly focused on accomplishing the 
task at hand. So focused that the student worked through direct instruction about the ins and outs of 
Scratch choosing to instead teach themselves how to make it work. This level of self directed learning is a 
goal that many educators pursue- students learn better when they can choose what to learn that is 
interesting to them. Before the topic of acceleration or how to make a character jump even came up this 
student had already researched how to develop the code and had implemented it into their game, leaving 
them in an excellent position to help facilitate the learning of others. They worked diligently not only on 
their own project but also helping others over stumbling blocks along the way. The student checked in 
several times with the question “I think I’m done, but what do you think I could do better?” Improving the 
drive to improve and student willingness to believe that they could improve was and is the main goal of 
this research, and while there weren’t any qualitative measures of this occurring, this is one particularly 
notable example of it being observed in the classroom. 
 



 

 
Conclusions 
 

The introduction of a coding unit to freshmen physics students actually decreased their scores on 
the Force Concept Inventory but did seem to help students better understand the motion of an object 
when no force is applied to it. This could be due to a variety of factors which weren’t controlled for, 
specifically the time since the force concepts were explicitly addressed in class. Were a contrast group 
feasible the concept knowledge attrition rate over time for the two groups might be examined with greater 
confidence. 

An increase in overall GPA of about one letter grade was noted while Math and Physics grades 
stayed the same. While claiming causation when only correlation has been demonstrated is bad science, 
it would be particularly foolish to claim causation here. The number of contributing factors that affect a 
student’s grades are innumerable and were certainly not controlled for. 

The small sample size of the study, nineteen students, does not provide strong evidence as to the 
significance of the results. Further study and refinement would be warranted.  

Students enjoyed the unit on coding and were engaged with the class and the act of learning from 
each other. The final products they submitted were creative and fun and demonstrated a great deal of 
effort.  



 

 
Implications for instruction 

While there is no evidence of demonstrable value in terms of developing the concept of force, 
changing mindsets and attitudes towards school, or physical science knowledge, the act of learning to 
code is still a valuable endeavor. It is a marketable skill that will soon be in high demand, the US Bureau 
of Labor Statistics projects a demand for 184,000 new software developers. Software developers aren’t 
the only group of people who will need to understand code either, Mark Guzdial claims that “for every 
professional software developer, there are at least four end-user programmers—and possibly as many as 
nine, depending on how you define “programming” by end-users (e.g., is creating a spreadsheet 
programming?)  (Guzdial, 2015).”  

A strong job market for those with the ability to write and improve computer programs is a great 
reason to learn to code but there are a myriad of reasons that learning to code can help students to 
succeed in school. ASU’s professor Braden Allenby theorizes that the engineers, scientists, and citizens 
of the coming decades are going to need to be able to think flexibly about complex systems to create a 
more sustainable society (Allenby, 2012). Learning to code can help to facilitate this by increasing 
neuroplasticity (Mechelli, 2004). The act of creating code opens up a student to be able to attempt to 
solve a problem in novel ways and encourages student creativity (Huerta 2015) and is fun and engaging 
for students and teachers.  

Making a requirement to apply an understanding of force to a computer program didn’t really help 
the participants in this study to better understand physics, but the act of connecting it to past experiences 
and the real world does create a more authentic and engaging experience for students. The insular 
grouping of school subjects of the past will not serve our students as they grow into an uncertain and 
rapidly changing future (Allenby, 2012).  and tackling tasks that requires a multidisciplinary approach will 
help students to make connections across artificial educational boundaries and be better scientists 
(Jackson-Hayes, 2015).   

Continuing to teach coding seems like a non-negotiable at this point, and finding ways to make it 
relevant to coursework will only serve to enhance both endeavors. Phrasing Newton’s first law as a 
boolean expression helped students to enrich classroom conversations about when an object should and 
should not be accelerating. Students who were typically disengaged in the classroom started working 
past the end of class and frequently after school in tutoring sessions. Many creative and entertaining 
programs were written and students were able to express their own personalities in interesting ways. 

The curriculum developed for this study and the delivery itself was inexpert at best and left plenty 
of room for improvement. Future attempts will be better scaffolded by taking more time to build the 
concept of psuedocode and outlining what exactly the code is to accomplish and how it will be 
accomplished. If the requirement for the inclusion of forces is to be included more scaffolding with writing 
code to make an object accelerate will be beneficial for student learning. The investigator should have let 
students struggle with difficult problems more and guided their efforts through Socratic questioning and 
after more experience with Scratch will be better prepared to do so in the future. 

The future will be dynamic and exciting, and adding coding to any curriculum will serve to make 
classrooms the same. Continued curriculum development as well as teacher focused professional 
development are critical as we move forward. More dialogue with business leaders and stakeholders will 
be important to guide further efforts to teach students to create computer programs.  

  
 
   



 

 
Implications for further research 
 The endeavor of teaching freshmen to create a computer program was a learning experience for 
both the study participants and the researcher and has left many questions open for further investigation. 
Does gender have an effect on student engagement with the endeavor of learning to write programs and 
if so how can this be addressed?  
 Software developers will be the first to say that the implementing and improving on the code 
written by others is standard practice, but copying the work of others in the school setting is discouraged. 
Does the use of code written by others degrade student understanding of how to write code? How does 
allowing students to freely copy the code of others affect their attitudes towards copying the work of 
others in school? Can a student actually learn more from carefully examining the work of others? 
 Scratch has proven to be very approachable for students to engage with, however it is not a 
language used by many real world software developers. STEMteachersNYC has implemented a 
curriculum using Python, would a more traditional programming language be beneficial to students? Many 
coding curriculums begin with pen and paper coding, or psuedocode, is there value at a school where 
every student has a laptop in setting aside the laptops to map out thoughts with a pen and paper? Some 
curricula also begin by teaching binary and the function of the computer hardware itself, does this add 
value and facilitate student efforts to learn programming? Scratch has the ability to interface with the 
physical world through the use of the Lego WeDo and Picoboard, would including these tools enrich the 
learning experience? Could a creative use for Scratch For Arduino help student achievement? 
 Community involvement is a big cultural expectation at Bioscience. How can community 
members best be invited to help and participate with students first efforts to write software? How can 
students be encouraged to reach out to share their knowledge with others? What specific skills are most 
in demand by employers and how can we best develop those skills in our students? 
 The role of the teacher in today’s classroom is changing and this is demonstrated by the 
modeling practices of the role of the teaching being to guide student to student discourse rather than the 
distributor of knowledge. What experiences do students already have with writing software? Is this skill 
one that students are already (or will in the future) be entering class with? What is the role of teachers 
(especially those who aren’t digital natives) in the field of computer science education? 
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Appendix 1: Mindset Assessment Profile 

Tool  
http://schools.nyc.gov/NR/rdonlyres/9CFE0C88-2B48-4ED2-BF39-
7D6D4E43CB15/0/MindsetAssessmentProfile.pdf



 

 
Appendix 2 Longitudinal Mean Score Growth Growth by Assessment 
 

 Pretest (Pre) 
August 18 and 
19, 2016 

After Force 
Unit (Mid) 
April 6 & 7, 
2017 

After Coding 
Unit (Post) 
April 20 & 
21, 2017 

Pre to Mid 
Normalized 
Gains 

Pre to Post 
Normalized 
Gains 

Mid to Post 
Normalized 
Gains 

Force 
Concept 
Inventory 

21.8% 50.0% 44.0% 36.1% 28.3% -12.0% 

Physical 
Science 
Concept 
Inventory 

46.3% 50.5% 48.8% 7.8% 4.7% -3.4% 

Mindset 
Survey 

31.6 31.1 31.2 -0.5 -0.4 0.1 

 
For the Force Concept Inventory: In an ASU grant for Greater Phoenix physics teachers in 1998 to 2000, 
the baseline student FCI posttest mean score was 41% before the Modeling Workshop, the FCI pretest 
mean score was 25%, and the FCI posttest mean score was 49% at the end of one year of using 
Modeling Instruction, for over 800  11th and 12th grade students in matched courses of 17 teachers.  This 
corresponds to a normalized gain of 0.33.  
The data are at http://modeling.asu.edu/Evaluations/Evaluations.html 
 
For the Physical Science Concepts Inventory (PSCI): In an ASU grant, 8th and 9th grade student results 
in four suburban school districts in Greater Phoenix in 2005-2006 were these: the baseline posttest mean 
was 39%. In the year following the 3-week summer Modeling Workshop, the mean class student score  of 
these novice modelers increased by 12 percentage points, from 40% to 52% (N=154, matched courses), 
indicating a normalized gain of 0.2.  
The data are at http://modeling.asu.edu/Evaluations/Evaluations.html 
 
Note that the mindset survey is not a percent, but rather a tally from 8 to 48 ranging from indicating a very 
fixed mindset to a very growth mindset. The consistent result of about 31 indicate that the study group 
was more likely to be growth oriented than not, but not very strongly. 
 



 

 
http://schools.nyc.gov/NR/rdonlyres/9CFE0C88-2B48-4ED2-BF39-
7D6D4E43CB15/0/MindsetAssessmentProfile.pdf 
 
 



 

 
Appendix 3: Physical Science Concept Inventory (PSCI) Longitudinal Item Analysis 
 
The first Eight Questions of the PSCI are paired with the first question asking students to apply a concept 
to a problem and the second asking them to justify their answers. 
 
Percent of Correct Responses by Question 
 

 Pre Test  
% Correct 

After Force Unit  
% Correct 

After Coding Unit  
% Correct 

Questions 1 
Conservation of Mass 

84.2 78.9 68.4 

Questions 3 
Conservation of Volume 

52.6 68.4 63.1 

Questions 5 Proportional Reasoning 26.3 15.8 5.3 

Questions 7 
Control Variables 

78.9 78.9 78.9 

 
Percent of Correct Justifications by Question 
 

 Pre Test  
% Correct 

After Force Unit  
% Correct 

After Coding Unit  
% Correct 

Questions 2 
Conservation of Mass 

78.9 78.9 68.4 

Questions 4 
Conservation of Volume 

52.6 68.4 57.9 

Questions 6 
Proportional Reasoning 

26.3 15.8 21.1 

Questions 8 
Control Variables 

63.2 73.7 78.9 

 
 
The decline in scores may be attributable to students losing interest in doing well on the assessment over 
repeated administrations. The justifications responses are more consistent than the responses on the 
questions they are justifying which seems to indicate that student understanding hasn’t really changed as 
much as a careful reading of the question being asked has decreased.



 

 
Appendix 4: Scratch powerpoint slides with assignments and examples of exemplary projects 
 
These slides were developed and shared with permission by Bioscience graduates Doug Liu and Alvaro 
Benitez as part of a project to introduce coding to engineering students and edited to suit the needs of the 
researcher. 
 
https://docs.google.com/presentation/d/1Ky7_ugCTXnvTDbGu3Z7pH2MIKLLDY1ycv8hezo1sR0I/edit?us
p=sharing  
 
Examples of good student projects shared with student permission 
 
https://scratch.mit.edu/projects/157101097/  
 
https://scratch.mit.edu/projects/156535484/#player  
 
https://scratch.mit.edu/projects/155896827/  
 
 
  


