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Abstract
Students in a modeling classroom first develop a model through experimentation and then apply
the model to new physical situations in a variety of different ways. Many of these applications
involve problem solving in groups. This study analyzed whether the Modeling Cycle could be
strengthened by introducing spreadsheets as a tool for model deployment, exploration, and
application. While there was insufficient evidence to support a significant increase in students’
conceptual understanding of physics, students were able to create spreadsheets to model physics
situations, allowing them to formalize their understanding of the models, explore the impact of
changing parameters or initial conditions, and solidify relationships between variables. The
students also successfully used spreadsheets to account for additional forces and changes that are
traditionally not considered in an introductory physics course, ensuring realistic applications of
physics models. Furthermore, students were equipped with a powerful tool that they were
choosing to use and apply throughout the physics curriculum and even in other courses.
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The Effect of Using Spreadsheets as a Deployment Method
for Understanding Physics Models
Introductory physics is based upon just a few underlying conceptual models, from which
a broad understanding of many systems can be built (Brewe, 2008). In a modeling classroom,
these models are developed through the Modeling Cycle (“Modeling Cycle”, 2009). The
Modeling Cycle begins with model development, in which students use guided inquiry-based
investigations and Socratic dialogue to develop various descriptive representations of the model
(Brewe, 2008). This model, initially based on experimental data, is generalized to apply more
broadly to any number of situations and problems.
The second stage of the Modeling Cycle, model deployment, is designed to deepen
students’ understanding of the model and allow students to “become more independent in
formulating and executing tasks and more articulate in presenting and defending their points of
view” (“Modeling Cycle”, 2009). To be successful, students must be able to apply a model to
represent new situations in different contexts. In a typical modeling classroom, model
deployment consists of group problem solving on whiteboards with occasional laboratory work.
These deployment activities help the student to view the model through multiple representations,
breaking down misconceptions and solidifying comprehension (Halloun, 2004). Force Concept
Inventory (FCI) scores indicate that the Modeling Cycle is very effective at increasing student
conceptual understanding of physics (Hestenes, Wells, & Swackhamer, 1992). However, a
valuable tool may be missing from the deployment toolbox. Spreadsheets allow students to
model realistic situations, enabling them to target misconceptions, compare model predictions to
actual results, and adapt their thinking toward a more Newtonian understanding of physics.
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Research Question
● How can spreadsheets be used as a deployment tool to help students gain a better grasp of
physics models in Newtonian mechanics?
Secondary research questions
●

Will students be able to create effective spreadsheets to model unfamiliar physical
phenomena?

●

In what ways can students apply the spreadsheets they’ve created to analyze the
relationships between a model’s variables?

●

To what extent can students analyze their spreadsheets in order to solve problems
and make valid predictions?

●

How will students perceive the use of spreadsheets as a modeling and problem
solving tool in physics and other contexts?

●

To what level will students be able to extend fundamental physics models to
situations typically not addressed in first-year physics?
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Literature Review
Modeling Instruction has been shown to increase student conceptual understanding of
physics topics (Wells, Hestenes, & Swackhamer, 1995). Key components of Modeling
Instruction involve confronting students with their incorrect preconceptions, examining the
evidence gathered in an inquiry-based laboratory activity, and constructing a coherent model that
underlies a physical situation (Hestenes, Wells, & Swackhamer, 1992). Modeling Instruction
utilizes a learning cycle, as proposed by Karplus (2003). The first phase, model development,
consists of generalizing observations and data and using multiple representations to aid in
understanding (Brewe, 2008). Students use their experiences in a laboratory activity to generate
data, which is analyzed and represented in multiple ways (Brewe, 2008). Spreadsheets or
spreadsheet-like applications are commonly used by teachers who use Modeling Instruction for
data analysis. Once a model has been developed and agreed upon by the class, model
deployment involves applying the model in a new context to help students describe, predict, or
explain. (Wells, Hestenes, & Swackhamer, 1995). Deployment, also labeled “discovery” or
“application,” allows students to deepen their understanding of fundamental physics principles
and is a crucial step in building students’ conceptual understanding (“Modeling Cycle,” 2009).
Students who use these experiences to change the way they think about science concepts and
have a firm understanding of underlying models typically achieve higher gains on conceptual
tests, such as the FCI, than those students taught using traditional instruction (Hestenes, Wells, &
Swackhamer, 1992).
Traditional physics courses have often been considered by students as just another math
course, and students’ math competency has been identified as having a large effect on gains on
physics concept tests (Meltzer, 2002). Hestenes criticizes typical physics instruction for its focus
on problems and solutions rather than models (1997). The Modeling Instruction response has
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been to increase focus on underlying model ideas and assessing conceptual understandings rather
than students’ skill at manipulating the mathematics (Jackson, Dukerich, & Hestenes, 2008),
with the side-effect that exposure to some of the more complex and true-to-life physics
applications are reduced. Spreadsheet software is available on nearly every computer that can
enable students to model more complex systems and reduce the difficulty surrounding math.
And, since Modeling Theory suggests that deployment is the phase in which the meaning of
models is realized, the model is reinforced in students’ minds, and the conceptual model in
students’ minds continues to evolve (Halloun, 2004), any opportunity for students to engage in
modeling allows them to revise their thinking and deepen their understanding of physics.
The Next Generation Science Standards (NGSS), released in April 2013 and in the
process of being adopted in a number of states, call for students to become proficient in a set of
science and engineering practices (Achieve, Inc., 2013). Along with “Developing and Using
Models” and “Analyzing and Interpreting Data,” which are fundamental to Modeling Instruction,
the practices place a large focus on “Using Mathematics and Computational Thinking” (Achieve,
Inc., 2013). Computational thinking encourages the use of technology to automate mathematical
calculations, estimate solutions for problems that students cannot calculate directly, and identify
relationships among a large set of data (Achieve, Inc., 2013). In the high school grades, the
standards call for students to develop the ability to create a computational model or simulation
for a situation, develop “mathematical, computational, and/or algorithmic representations of
phenomena” while supporting their claims, and evaluate the validity of algorithms or simulations
by comparing to reality (Achieve, Inc., 2013). It follows that computational thinking is a skill
that can be utilized in combination with Modeling Instruction to further solidify students’
understanding of model concepts.
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Computational modeling methods have the potential to become “knowledge construction
tools” that “require learners to think harder about the subject matter domain.” (Jonassen, 1995).
Used correctly, computer technology can enhance students’ thinking and deepen their
understanding (Hannafin & Land, 1997). In an open-ended learning environment, students
manage the learning process by evaluating the results of their actions and comparing the results
to their expected or predicted outcomes (Land & Hannafin, 1996). This process can be
facilitated through teacher-student and small-group interactions and accompanying worksheets
that require students to reflect on the impact of various parameters of the model on the system
being studied and determining the effect of changes on the system. David Jonassen at the
University of Missouri uses the term “mindtools” for computer applications that, “when used by
learners to represent what they know, necessarily engage them in critical thinking about the
content they are studying” (Jonassen, 1996). An effective computational tool takes care of
tedious, methodical calculations, freeing the learner to focus consideration on the higher level
concepts (Vincini, 2003). In addition, a technology tool can play a role in student motivation
and engagement. Students are able exercise control over their own solutions, increasing
investment in course content (Roblyer, 2003). Spreadsheets are one way to free students from
focusing on the tedious mathematics and give them control over the implementation of their
solution.
Much research has been conducted on the effectiveness and benefits of students’ use of
computational tools to solve problems in physics (Caballero et al., 2012, 2011; Aiken et al.,
2013). One paper on the subject states that “in modern science and engineering, computation is
widely considered to be as important as theory and experiment” (Caballero et al., 2012).
Computational modeling has many pedagogical benefits: transparency of relationships between
models, ease of examining the effect of changing initial conditions without solving a brand new
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algebra problem, visual representations available through technology, and engaging in prediction
and comparison (Caballero et al., 2012). In a mechanics context, computational modeling
requires that students understand the causal relationship between force and motion (Aiken et al.,
2013). Arons states that when students have to program numerical calculations, they are
intimately exposed to the relationships between acceleration and velocity, velocity and position‒
relationships that are not well-perceived or absorbed when students are only exposed to algebraic
equations for kinematics (Arons, 1997).
The VPython programming language has been used successfully in university physics
settings to fulfill some of the goals of computational modeling (Sands, 2010). However, several
studies have documented students’ difficulties in correctly modeling physical situations
(Caballero et al., 2011) (Aiken et al., 2013). At Georgia Tech, about 40% of university students
were unsuccessful on a given VPython physics problem, and errors involved not just
misunderstanding the physics but also difficulties in debugging and using the Python language
effectively (Caballero et al., 2011). When used in a 9th grade physics class, one-third of students
were able to successfully complete the proctored VPython programming assignment, and the
study’s authors found that high school students can think computationally in physics (Aiken et
al., 2013). However, there were a significant number of syntax errors and failure to write loops
to correctly animate the situation, preventing students from enjoying the full benefit of the tool
(Aiken et al., 2013).
Spreadsheet applications, such as Microsoft Excel, could be more widely used as a
computational modeling tool in physics, avoiding many of the complications of code syntax and
programming logic inherent to coding in the VPython language. Research has shown that, with
minimal instruction, groups of students are able to use a spreadsheet as a tool to analyze the
solution to a mathematics problem (Lee et al., 2005). In addition to storing and analyzing data,
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spreadsheets reduce the time students spend doing calculations and support multiple
representations with graphs, equations, and data tables (Roblyer, 2003). Spreadsheets also make
“what-if?” questions readily accessible for students to explore how a change in one variable
affects a system, promoting higher-order thinking and skill in problem solving and model
development (Roblyer, 2003).
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Method
Investigators & Participants
Treatment Group 1. The first treatment group consisted of 30 AP Physics C:
Mechanics students, made up of sophomores, juniors, and seniors at a large suburban high school
in Arizona. This public high school had a population of about 2200 students in grades 9‒12,
comprised of approximately 8% Asian, 14% Black, 32% Hispanic, 1% Native American, and
45% Caucasian students. Thirty-five percent of the school’s students were eligible for the free or
reduced lunch program. The students in the class were motivated and college bound for the most
part. The teacher applied the Modeling curriculum and pedagogy in this class, with the addition
of several spreadsheet treatment activities described in the procedure section. The class met for
1.5 hours every other day for the entire year. On the off days, the students were enrolled in an
AP Calculus course taught by a well-qualified instructor.
Treatment Group 2. The second treatment group consisted of eight regular physics
students, all seniors, at a small rural high school that serves four communities in Louisiana and
has an enrollment of approximately 160 students in grades 9‒12. The population of the school
was less than 1% Asian, 76% Black, and 24% Caucasian. The school is a public Title I school,
and 90% of students were eligible for the free or reduced lunch program. The majority of the
students in this group planned to enroll in 2- or 4-year colleges the following year. Regular
physics was a year-long course that meets on a daily basis within 53-minute periods. The
teacher applied the Modeling curriculum and pedagogy in these classes while implementing the
spreadsheet treatment activities described in the procedure section.
Comparison Group 1. The first comparison group consists of two sections of general
physics consisting of 64 students at a high school located in a suburban Arizona high school.
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The school had an enrollment of approximately 2,000 in grades 9‒12. This population was
approximately 67% Caucasian, 23% Hispanic, 5% Black, 3% Asian, 1% Hawaiian or Pacific
Islander and 1% Native American. Twenty-four percent of students received free or reduced
lunch. Modeling Instructional methods were used by the teacher.
Comparison Group 2. The second comparison group consisted of two sections of
regular physics with enrollment of 64 students at an urban Arizona high school. The Title I
school had an enrollment of approximately 2700 students in grades 9‒12, in which 50% of
students received free or reduced lunch. The school’s population was 53% Caucasian, 23%
Hispanic, 15% Black, 6% Asian and 3% Hawaiian or Pacific Islander. Modeling Instructional
methods were used by the teacher.
Comparison Group 3. This comparison group consisted of one section of 26 AP
Physics C: Mechanics students from the same school as Treatment Group 1, taught during the
2012-13 school year. The school demographics are identical to Treatment Group 1. Modeling
Instruction was implemented in the classes without the treatment activities.
Comparison Group 4. The final comparison group consisted of one section of 11
regular physics students from the same school as Treatment Group 2, taught during the 2012-13
school year. The school demographics are identical to Treatment Group 2. Modeling
Instruction, without modification, was used by the teacher.
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Table 1.
Treatment and Comparison Group School Demographics
Total
School
Enrollment

Receiving
Free/Reduced
Lunch
(%)

African
American

Asian

Caucasian

Hispanic

Other

Treatment
Group 1

2,200

35

14

8

45

32

1

Treatment
Group 2

160

90

76

1

24

0

0

Comparison
Group 1

2,000

24

5

3

67

23

2

Comparison
Group 2

2,700

50

15

6

53

23

3

Comparison
Group 3

2,200

35

14

8

45

32

1

Comparison
Group 4

160

90

76

1

24

0

0

Group

Ethnicity Breakdown (%)

Procedure for Treatment
Permission. This study was approved through the Arizona State University Institutional
Review Board and the respective school districts before any treatments were implemented.
Parental permission and student assent were obtained for all participants in this study. The
names of individuals participating in the study were kept confidential and were anonymized for
publication. Only those students with parent permission and student assent were photographed
or videotaped for this study. No data for students or parents who declined to participate was
collected or published.
Pre-Assessment. In order to gauge students’ initial cognitive development and
understanding of Newtonian physics, all students in the study, including comparison groups,
took the Force Concept Inventory (FCI) (Hestenes, Wells, & Swackhamer, 1992) and the
Classroom Test of Scientific Reasoning (CTSR) (Lawson, 1978) during the first week of school.
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These assessments established a baseline of student abilities prior to the treatment and allowed
for investigators to compare the incoming science reasoning and physics understanding of
various groups. Participants in the treatment groups also responded to a short survey relating to
students’ attitudes toward and knowledge about spreadsheets.
Treatment. The Mechanics Curriculum (2007) from the “Modeling Instruction in High
School” program at Arizona State University was used as the basis for instruction in all classes.
Typically, students in a modeling classroom use Graphical Analysis or Logger Pro software by
Vernier Software & Technology, which handles data analysis: plotting data and running
mathematical regressions for curve fits. However, to familiarize students with Microsoft Excel,
the investigators trained students to use Excel for data analysis purposes. For basic data analysis
in introductory physics classes, Excel has the graphing and regression capabilities necessary for
students to develop graphical and mathematical models (though, due to Excel’s flexibility and
wide range of uses, it is not quite as intuitive as one of the dedicated data analysis packages).
This introduction to Excel was deemed necessary in order to give students experience entering
and manipulating data and to familiarize them with the graphing and regression capabilities of
the software.
The standard Modeling mechanics units (see Table 2) were taught in the same order and
using the same modeling techniques as in a typical semester. The only deviation from the
published Modeling curriculum came when targeted spreadsheet activities (termed “treatments”)
were assigned within selected mechanics units as shown in Table 2 and described in the sections
that follow. During each unit, the investigators kept field notes of their experiences,
observations, and interactions with students as they completed the activities.
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Table 2.
Sequence of Modeling Instruction and Treatment Activities
Unit Model

Treatment Activity

1

Scientific Thinking

2

Constant Velocity

Treatment 1: Constant Velocity Spreadsheet

3

Uniform Acceleration

Treatment 2: Speeder and Patrolman Problem & Screencast

4

Free Particle

5

Constant Force

Treatment 3: Rocket Spreadsheet & Project

6

Two-Dimensional Particle

Treatment 4: Projectile Spreadsheet

7

Energy

Treatment 5: Energy Spreadsheet

8

Uniform Circular Motion
Treatment 1: Constant velocity spreadsheet. This treatment was introduced at the end of

the Modeling Cycle for constant velocity, just before the unit assessment. The students were
instructed to use their newly-developed constant velocity model to program a spreadsheet to
model a situation with some given initial conditions. Students were instructed that the
programmed spreadsheet should display a data table of positions and velocities at various times.
They were also supposed to produce corresponding graphs. If programmed correctly, the
spreadsheets should respond automatically to changes in initial conditions by recalculating and
graphing the situation. When students had a working spreadsheet, they used them to respond to
questions that probed their understanding of the underlying models and assessed their ability to
solve a fairly complex problem by simply changing a few input values. As students were
working, the investigator monitored the students’ progress and asked Socratic-type questions to
the various groups to deepen the level of understanding of the model. Instead of whiteboards,
the students demonstrated the use of their spreadsheets to respond to the questioning.

THE EFFECT OF USING SPREADSHEETS

16

Treatment 2: Speeder and patrolman problem and screencast. This task was assigned
about a week before the uniform acceleration unit test. The students were given the following
“Speeder and Patrolman” problem:
A speeder driving down the road at a constant 20 m/s, passes a patrolman parked on the
roadside. The patrolman waits 3 seconds, then pursues the speeder, accelerating at a
constant 4.0 m/s2. When the does the patrolman catch the speeder?
They were instructed to solve the problem using their “bag of models” and a spreadsheet. To
better assess student understanding of the problem and their solution, students were instructed to
record a screencast, in which they explained and demonstrated how they implemented their
solution in Excel using their constant velocity and uniform acceleration models. Class time was
used to allow the investigator to observe the groups working together and evaluate the problem
solving process being used. Students’ spreadsheets and screencasts were analyzed for evidence
of student understanding.
Treatment 3: Rocket spreadsheet and project. This activity was introduced in the
middle of the constant force unit in the Modeling Physics curriculum, after students had applied
Newton’s Second Law to several problems on a worksheets. The students created a spreadsheet
to model the position and velocity of a vertical flying rocket. A template spreadsheet provided
students with thrust force information with respect to time for a given model rocket engine. In
the first phase, students were asked to consider the launch of a rocket, determine the net force,
and apply Newton’s Second Law to determine the acceleration, velocity, and position of the
rocket during its flight, while ignoring all friction/air resistance. The investigator monitored the
students’ progress and asked Socratic-type questions to help strengthen model attainment. In
phase two, students were asked to add a model for the effect of air resistance to their
spreadsheets. In phase three, student groups were then allowed to construct actual model rockets
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and use their spreadsheets to predict the maximum altitude and velocity reached. Throughout the
treatment, students responded to worksheet questions which helped to evaluate and strengthen
their understanding of the constant force model.
Treatment 4: Projectile spreadsheet. Treatment four was administered toward the end
of the two-dimensional motion unit, after the students had an opportunity to develop the models
for two-dimensional motion. During a traditional lab on 2-D motion, students were asked to
predict the landing position of a horizontally launched projectile. This time, students were asked
to produce a spreadsheet that would model the path of the projectile. The spreadsheet was
designed with variable inputs for both launch height and initial horizontal velocity. The students
placed a target at the predicted spot and launched the projectile to test for accuracy. The students
then launched their marble with a different height and initial velocity and used the same
spreadsheet to determine the landing position. Based upon their results, students revised their
spreadsheets to account for errors in measurements or spreadsheet calculations. In addition, the
students were allowed to revise the spreadsheet to account for other factors such as air resistance.
The students also completed a worksheet relating to this treatment to probe understanding about
the underlying models and relationships. The investigators monitored the progress of the
students and asked Socratic-type questions to help strengthen understanding and comprehension
of the new and previous models.
Treatment 5: Energy spreadsheet. This final treatment occurred during the model
deployment phase in the energy unit. The students were instructed to create a spreadsheet that
displayed the various storage forms of energy present at specific positions for a marble traveling
down an inclined plane. Using the spreadsheet, the students created several graphs to show the
energy relationships and illustrating the law of conservation of energy. During this process, the
investigators asked Socratic-type questions to help students increase their understanding of the
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energy model. Students were also asked to complete a worksheet to determine how well students
understood the concepts and were able to apply the underlying models.
Post-Assessment. The students in both the treatment and comparison groups were given
the FCI following the completion of the mechanics units, which fell shortly after the semester
break. The primary quantitative metric that was used to determine growth in students’
understanding of fundamental physics models was normalized gain (G) on the FCI, which is
simply “the actual change divided by the maximum possible gain” (Coletta, Phillips, & Steinert,
2007).

Normalized gain was selected, since it allows a comparison of growth while removing
much of the effect of differences in pretest scores (Hake, 1998). The investigators also kept field
notes of their observations during class and students’ use of spreadsheets in tandem with problem
solving. The survey instrument on students’ knowledge and attitudes about spreadsheets was
administered again following the treatment, allowing a determination of changes in students’
perceptions of spreadsheets as a physics modeling tool.
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Results
To evaluate the effectiveness of the treatment activities, interviews, student work, and
interactions with students during the treatment and surrounding units are presented along with
the investigators’ analysis of student growth. Completed spreadsheets submitted by students and
responses to question prompts within each activity are also discussed by the investigators. Each
treatment activity was considered separately, as there was some variation in student proficiency
with and the efficacy of the various treatment activities.
Treatment Activity Reflections
Treatment 1: Constant velocity spreadsheet. At first glance, the constant velocity
spreadsheet appears fairly straight-forward. While the physics model is one of the simplest to
understand and apply, for inexperienced Excel users, there are a bevy of challenges to overcome.
Surprisingly, producing a simple constant velocity spreadsheet, like the students’ example in
Figure 1, required several Excel skills and concepts:
● Setting up a data table with appropriate columns, headings, and input values
● Using Excel’s syntax to write equations using cell references
● Writing equations that can be copied down a column, while referencing constant
values, applying Excel’s dollar-sign ($) notation
● Creating a graph of selected data (including non-contiguous data) and labeling
axes appropriately
The newest challenge for students was using Excel’s equation and calculation
capabilities. Students had previously used Excel to input data, produce a graph, and determine a
best-fit regression equation. To introduce Excel’s equation features, the investigators
demonstrated the procedure for entering equations in Excel and, as a whole class, worked
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through some basic examples of using an Excel worksheet to represent a linear relationship. For
example, “if you have $10 in your piggy bank and add $3 per week, create a spreadsheet with
graphs that illustrates how much money you have over time.”
Another challenge for students was thinking of some variables as constants while others
were changing. For example, the starting position and velocity were constants—they do not
change over time. The user should be able to input those constant variables, so students were
guided to label cells at the top of the spreadsheet to hold those values. Time, however, was a
little different—students selected a set of equally spaced times at which they determined the
position and velocity. As students wrote their equations for position and velocity, they struggled
to account for the fact that Excel updates cell references when an equation is copied down a
column, but the constant input values needed to stay constant. It was a source of frustration for
students, particularly this first time, to fit all of these pieces together correctly in their equations.
The introduction to Excel that was provided turned out to be not quite enough scaffolding
for students to independently implement their spreadsheets. If the investigators were to repeat
this activity in the future, more instruction on and practice with using Excel would be provided.
It would also be beneficial to assign some simpler student tasks, possibly in conjunction with the
data analysis activities they had completed previously, that would require students to use Excel
equations themselves and familiarize them with the idea of writing equations using variable and
constant cell references.
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Figure 1: One student group’s completed constant velocity spreadsheet

Nonetheless, with some assistance, students implemented their spreadsheets. The
students eventually were able to produce a data table and graph that matched their model for
constant velocity motion (Figure 1). Once students had working spreadsheets, they responded to
questions on a supplemental worksheet that probed their understanding of constant velocity
motion and allowed them to use their newly-created spreadsheets. The students’ responses on
the worksheets illustrated their understanding of constant velocity motion. For example, when
they were asked how the graphs changed when the starting position and velocity were changed:
Kyle: “When you change the starting point, the position graph changes the y-intercept.”
Lilly: “Velocity = slope of x-t graph. It remains at a constant velocity.”
Morgan: “As time went by, position increased at a constant rate.”
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These prompts also revealed some gaps in students’ understanding of constant velocity:
Alesha: When the initial position changes, “the position vs. time graph extends.”
Lilly: When velocity changes, the velocity vs. time graph “doesn’t change—its velocity
remains the same.”
This activity provided an opportunity for the investigators to diagnose those students who
had not quite mastered the model for constant velocity motion in order to provide some
remediation through Socratic questioning and targeted review. On the constant velocity unit test
two days later, Alesha was able to identify the y-intercept of a position vs. time graph as the
starting position of an object. Lilly answered most of the questions involving velocity vs. time
graphs correctly. As such, the treatment activity, through students’ practice with the model and
the investigators’ diagnosis of gaps in student understanding, increased students’ understanding
of the features of the constant velocity model. In fact, the mean score on the constant velocity
unit test in the regular physics class went up to 85% from an average of 76% the previous two
years. The spreadsheet assignment appeared to have a positive impact on students’ ability to
understand, use, and apply the constant velocity model.
The activity posed some Excel-specific challenges that were more burdensome than
anticipated, but the benefits of using a tool like Excel paid off, particularly in subsequent
treatment activities, where students had much greater fluency with Excel equations and were
better able to get Excel to do what they wanted. One thing that was not stressed, but needs more
emphasis in the future, is the use of appropriate units and labels for graphs. Many spreadsheets
submitted by students (such as the example in Figure 1) were lacking units, both in the data table
column headings and on the graph axis labels.
One of the primary goals of this first treatment activity was to introduce new Excel
features and give students an opportunity to grow more comfortable using them. The activity
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was successful in this respect, as students found subsequent Excel activities much less
challenging in this regard. The activity provided an opportunity for students to explain their
understandings and respond to questions about constant velocity, allowing the investigators to
evaluate students’ depth of understanding and ability to apply the model. The activity began to
impress upon students the usefulness of Excel as a problem-solving and modeling tool. In a
constant velocity practicum lab that followed the treatment, students were challenged to predict
the point of collision between two cars. Sam raised his hand and asked, “Can I use my laptop
and Excel to solve this problem?” Students were beginning to realize the power of the
spreadsheet and, without prompting, were choosing to use Excel to model and analyze many lab
activities and problems.
Treatment 1 summary. The first treatment activity successfully introduced students to
Excel features that would be needed to subsequently model physics situations. Though a more
in-depth introduction would be beneficial in the future, students were becoming comfortable
enough that they were deciding to use Excel for problems and assignments when it was not
required. The activity also provided an additional chance for students to interact with and apply
the constant velocity model to various situations. Student responses on worksheets, discussion
during whiteboard sessions, and results on unit tests revealed that the spreadsheet activity helped
students improve their grasp of the features of the constant velocity model.
Treatment 2: Speeder and patrolman problem spreadsheet and screencast. The
classic speeder and patrolman problem gave students an opportunity to produce a spreadsheet for
a second physics model: uniform acceleration. This problem incorporates both the constant
velocity and uniform acceleration models, exposing the similarities and differences between the
two models. The algebraic representations for both models were developed using the graphical
models as a starting point, but this activity illustrated how the graphical representations of the
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models can be drawn out of the mathematical equations. There are many valid approaches to the
solution, but the problem is well-suited for using Excel, as the solution is easily obtained using a
position-time or velocity-time graph.

Figure 2: A student group’s completed speeder-patrolman problem spreadsheet

In the regular physics class, since most students did not have access to computers with
Excel at home, the problem was handed out two days in advance to allow students to consider
the problem, and then students were given one 53-minute period to complete their spreadsheets
and record their screencasts. In the AP Physics class, some time in class was given, but the
spreadsheet and screencasts were completed primarily as a homework assignment.
Students used a variety of approaches when solving the problem. Many groups used their
constant velocity spreadsheets from the first treatment as a starting point for the speeder’s
motion. Many students simply translated the mathematical equations for acceleration into Excel
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equations, with varying levels of success. Other groups demonstrated a more thorough
knowledge of uniform acceleration by bringing in graphical representations and explaining the
meaning of each variable and how it made sense in the context of the problem. These
differences were useful for the investigators to assess how comfortable students were with the
algebraic and graphical representations for both models.
As students were becoming more familiar with Excel’s calculation abilities, fewer Excelspecific issues popped up. Student groups were mostly able to use equations to calculate the
positions and velocities of the speeder (constant velocity) and patrolman (uniform acceleration).
One of the most difficult aspects was the three-second delay between the speeder passing the
patrolman and the patrolman beginning pursuit. Students, at first, were unsure exactly how to
handle this. Two groups in the regular physics class simply neglected to include the delay, but
were still successful at using the appropriate models to come to a solution. A few students
required some assistance to account for the delay in their equations and Excel spreadsheets, but
when students were guided to sketch a graph of the patrolman’s velocity over time, deriving the
necessary equation for velocity was more straight-forward. Many of the groups had clever ways
of handling the delay, as Monica, Dan, Bryan, and Matthew explained during their screencast,
while drawing the diagram in Figure 3:
So our equation to get the displacement of the patrolman is right here: point five times
four times t minus three times t minus three [0.5 (4 (t – 3)(t – 3))]. The way we get that
is: if we look here, this is at 3 seconds when the patrolman starts. This whole line, the
time is represented by t minus three [(t – 3)]. The slope of this line is four, therefore the
velocity would be four times t minus three [4(t – 3)]. If you put that in the equation to
find this [area under the graph], this is one-half of velocity times time. You would get
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one-half times four t minus three times t minus three [½ (4 (t – 3)(t – 3))], getting us our
final equation for the patrolman. (Screencast Transcript)

Figure 3: Monica, Dan, Bryan, and Matthew’s screencast diagram to explain how they determined the displacement
of the patrolman.

Monica, Dan, Bryan, and Matthew clearly explained where the displacement equation
came from and were able to take into account the fact that the patrolman started pursuit at three
seconds. At least three unique approaches to account for the delay were used by various groups,
and while students weren’t given the opportunity to watch each other’s screencasts, perhaps
seeing the problem solved in multiple ways would have been beneficial. Including the delay
required students to use multiple representations of the motion to effectively model the situation.
The screencasts proved to be a valuable tool for the investigators. Introductory physics
students are still becoming familiar with the proper vocabulary and refining their own
understandings of physics while confronting previously-held misconceptions, so it was
informative for the investigators to be able to hear students explain their solutions in a context
other than a classroom whiteboard session. Overall, students gave a genuine effort to clearly
explain how they arrived at their solutions, while incorporating much of their own ingenuity and
creativity into their screencasts, all while demonstrating more sophisticated understandings of
accelerated motion.
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The spreadsheet-building process also revealed a few possible misconceptions that could
then be addressed. For example, one group member in their screencast explained that the area
under the velocity-time graph would determine the time at which the speeder and patrolman
would meet. With novice physics students, discerning what was truly a misunderstanding about
the underlying model and what was simply careless use of language was sometimes a challenge.
Even when groups obtained valid solutions, some group members’ explanations did not
demonstrate a complete understanding.
Investigator 2 questioned one pair of students who had a mostly-complete spreadsheet:
Investigator 2: “How will you figure out when the patrolman catches the speeder?”
Eric: “Where the lines [pointing to the position-time graph] cross.”
Investigator 2: “OK, is there any other way you could figure it out?”
Kyle: “You could look [pointing to the data table] for where the position for the
patrolman and speeder are the same, so at about 10 seconds.”
Investigator 2: “Good. Is there another way? [no response] What about using the
velocity-time graph? [students were unsure] Would it be the intersection on that graph,
too?”
Kyle: “No...that means they are going the same speed, but I don’t think they would be
the same speed when they meet” (Investigator 2 Field Notes)
These interactions provided Investigator 2 an opportunity to remind students about how
to find displacement graphically and to reinforce the features of the representations of the
constant velocity and uniform acceleration models. Investigator 1 recorded in his journal:
Using the spreadsheet helped the students to see patterns with the numbers and how they
are related… I was impressed at how the students used the various models, step by step
to eventually obtain the position graph. They first showed how velocity changed with
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time, then created a graph of velocity vs. time, then used the area under the graphs to
equate the displacements. The students were able to use the physics concepts to solve the
problem and used the spreadsheet to take care of the math. This process helped to create
a stronger conceptual understanding. (Investigator 1 Field Notes)
This spreadsheet activity provided students more opportunities to apply the kinematics models,
and the screencasts required students to formalize their understanding of constant velocity and
uniform acceleration to a deeper degree such that they could explain it clearly and succinctly.
Even though the students turned in some very impressive screencasts, Investigator 1 did
observe that many of his students struggled in using the spreadsheet to actually solve the
problem. They used the spreadsheet to present the problem but did not necessarily use the
spreadsheet to solve the problem. This may have been due to their lack of experience in using
this new tool. Regardless, the students gained a deeper understanding of these models by going
through this process.
This activity also had an impact on students’ perceptions of the usefulness of Excel as a
tool in physics. When an open-ended and difficult acceleration-constant velocity problem was
assigned the next week, a student asked if he could use a spreadsheet to solve the problem.
While use of Excel as a tool to aid in solving problems was encouraged, it was not required
outside of the treatment activities. The fact that students independently chose to use a
spreadsheet again demonstrates their perception of Excel as a powerful modeling tool.
Treatment 2 summary. Students successfully extended their use of Excel to solve the
speeder-patrolman problem and, in the process, became more familiar with writing Excel
equations. By demonstrating proficiency with using multiple representations, students were able
to analyze the situation and set up the spreadsheet to compare the motion of the speeder and
patrolman. The screencasts that students produced demonstrated their fluency with the
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kinematics models and provided investigators insight into students’ thinking about the problem.
Furthermore, evidence of students’ preference for using Excel for problem-solving came as a few
more students gravitated toward using Excel on later activities.
Treatment 3: Rocket project spreadsheet. The rocket spreadsheet was the most
challenging spreadsheet activity that was assigned, as students had to deal with non-constant
force in a dynamically changing situation. Typically, such situations are not addressed in a firstyear physics course, but using Excel enabled students to apply the constant force and uniform
acceleration models over small time intervals in order to model a non-constant force, resulting in
a non-uniform acceleration. A spreadsheet made this complex situation accessible to high school
physics students.
In phase one, students were tasked with modeling the vertical flight of the rocket
undergoing a non-constant force. Once students were provided a template spreadsheet
containing the magnitude of the thrust force for every 0.04 second time interval, they used Excel
to determine the acceleration, velocity, and position of the rocket at each time interval during the
flight. Students found the first phase quite challenging. The handouts did not provide much
guidance, so student groups who tried to skip the expert problem-solving steps of analyzing the
system to identify interactions and drawing force diagrams to find the net force found themselves
quickly in trouble. Students were tempted to just enter equations they had learned into Excel
without a thorough understanding how the problem’s parameters would affect their calculations.
Once students had done some basic analysis, finding the acceleration from Newton’s Second
Law was logical once students figured out how to write an Excel equation that accounted for the
changing thrust force. This is a common problem in physics, even when spreadsheets are not
used. Students want to quickly plug values into equations before properly analyzing the system.
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This process helped to slow the students and caused them to reflect on how to use the constant
force model correctly.
The next challenge for students was taking a column of changing accelerations over time
and determining the velocity and position. This is a complex task, but Excel helps by providing
instant feedback in tabular and graphical forms. If they are thoughtful about the problem,
students can immediately see if what they are getting makes sense and is reasonable. One
student, Jennifer, was not getting a correct displacement for each 0.04 second interval. She had
calculated the area of the triangle under the velocity graph but had used an initial velocity at each
time period of zero. The spreadsheet helped her to realize that she was doing something wrong.
Through Socratic dialogue, she was able to determine her illogic and correct her thinking.
Investigator 1 recorded another interaction with a student in his journal:
Billy came in after school for help with phase 1 of the rocket project… He wasn’t sure
how to program the spreadsheet. In order to find the velocity of the rocket, he suggested
that he should divide acceleration by time. I encouraged him to draw a graph of the
situation and then to use the graph to determine the acceleration. Once he drew the
graph he was able the easily determine the acceleration. Next, he drew the graph of
velocity vs. time and was able to determine the displacement by finding the area. In
order to program the spreadsheet, Billy was forced to go back, draw diagrams and apply
models that could be used to determine what was needed. Billy was also surprised that
the formula sheet created a negative acceleration of 9.8ms-2 and that it was the natural
result of using the models correctly. Going back and figuring out why it worked was very
beneficial and illustrated the power of the spreadsheet. (Investigator 1 Field Notes)
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Figure 4: Alesha and Morgan’s phase one graph whiteboard. They sketched the velocity over time and position
over time of the frictionless rocket’s flight.

When students had a completed phase one spreadsheet, they responded to worksheet
questions. Students were asked to sketch the velocity and position vs. time graphs and indicate
the point when the rocket was traveling fastest with a “v.” Figure 4 shows one regular physics
group’s whiteboard of their graphs. This board allowed the class to review some critical ideas
about the relationships between velocity and position. In whiteboard meetings, students debated
about the best place to put the “v” on the position-time graph. Through their discussion and with
little teacher interaction, they came to consensus that the rocket would not be going fastest at its
maximum height, but rather earlier in the flight when the position vs. time graph is steepest.
Another point of debate among students was when, on the velocity-time graph, the rocket
was at its highest point. Many students wanted to point to the peak on the velocity-time graph,
but during discussion, Eric and Adam held to their statement that when the velocity-time graph
crosses the x-axis (at zero velocity), then the rocket was at its highest point. They had to explain
in multiple ways before everyone in the class was convinced.
Eric: “The area under the graph should be the biggest, ‘cuz that’s its displacement, so
the highest point has to be here [points to circled point in Figure 5].”
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Adam: “At the highest point, the rocket’s speed would be zero, ‘cuz it was going up and
it’s changing to going down. When it goes down, its velocity would be negative because it
is coming back down.” (Investigator 2 Field Notes)

Figure 5: Eric’s written response to a question that checks for understanding.

Though Eric’s written answer was a bit unclear, he told the class that he would find the
area under the graph up to the circled point in Figure 5 to find the maximum height reached by
the rocket. Phase one provided a good opportunity for students to review the graphical
representations for motion and ensure that they could recontextualize them in terms of the
rocket’s flight. Lastly, students were asked to use their spreadsheets to estimate the maximum
height reached by a frictionless rocket—what is now an effortless exercise in using the phase one
spreadsheet.

Figure 6: Instructions from the rocket project handout for phase two. Students were given a model for drag that
incorporated the atmospheric density, rocket velocity, and cross-sectional area.
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Phase two required students to add a model for air resistance into their spreadsheets. A
true analytical solution including a velocity-dependent frictional force would require solving
differential equations, but Excel makes a numerical solution relatively accessible to introductory
physics students. However, there were a number of places for students to get stuck. Students
were provided a relatively simple model for drag (see Figure 6), but they had to look up an
appropriate value for atmospheric density and work out the units correctly to obtain a reasonable
drag force. Another snag is that if the velocity at some time is used to determine net force or
acceleration, since the acceleration is used to determine velocity, it produces a circular reference
and Excel throws an error. This limitation required students to find a work-around. The
investigators advised students to just use the velocity at the previous time as an approximation.
As if that were not enough, the direction of drag changes‒when the rocket is ascending, drag is
downward. When the rocket descends, drag is upward. Unfortunately, since the model for drag
force depends on velocity squared, the equation only calculates the magnitude‒students had to
account for direction themselves, either by adjusting the equation manually or learning about
Excel’s IF statement.
Investigator 2’s regular physics students worked in groups on their spreadsheets during
class. They used their completed phase one spreadsheets as a starting point but were unsure how
to proceed. With some prompting and questioning, most groups decided to add a column in their
spreadsheets to calculate drag. They did their own research about the density of air but required
some guidance on selecting a quantity in appropriate units. Once they had some values, they
went to work writing the Excel equation for drag. They soon encountered Excel’s circular
reference error, at which point they changed their equation to use the velocity from the previous
time interval. At that point, they had a working drag force calculation. After updating their
acceleration calculations to account for the drag force, they seemingly had a complete solution‒
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except for the sign/direction issue. As class time was running out, Investigator 2 simply told
them how to use an IF statement and wrote an example equation on the board for them to model
theirs after.
Once students had a working spreadsheet for phase two (see Figure 7), they were asked to
compare their graphs to the graphs from phase one. They were also asked to analyze forces to
determine when the rocket was in equilibrium. Figure 8 shows the diagram that Jamie submitted
for this part of the treatment.
Next to the force diagram, Jamie states, “between times 1.8 and 1.84 the force of thrust
equals the force of gravity and drag put together so the acceleration equals zero which means
the object is in equilibrium.” Clearly, Jamie recognized that the upward force and the downward
forces, when balanced, would result in no acceleration, and she correctly identified the point at
which this occurs. In addition, her understanding of the model was reinforced by having Jamie
show the point on the velocity vs. time graph that corresponds to the instant in time captured by
the force diagram. These types of questions created fertile soil for Socratic dialogue.
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friction

Figure 8: Jamie’s force diagram for the rocket in equilibrium
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Next, students were asked to locate and draw a force diagram when the rocket was
undergoing maximum acceleration. Jamie’s force diagram for this question is shown in Figure 9.

Figure 9: Jamie’s force diagram for the maximum acceleration of the rocket

Next to this diagram, Jamie wrote, “At t = 0.2, a = 122.39. The upward force is the
greatest at this time causing the acceleration to be the greatest at this time.” Jamie showed a
good understanding in her force diagram but left out some important features of the model in her
explanation. From her explanation, it appeared that she may have held some misconceptions
about net force, which were brought out and discussed in the class whiteboard session. Once
again, it was very powerful for Jamie to have the opportunity to connect this force diagram to the
corresponding point on the velocity and position vs. time graphs.
Part of the goal for phase two was to use Excel to expose students to a more true-to-life
application of physics. Every group of students successfully created working spreadsheets to
predict the rocket’s trajectory while accounting for friction—a task not usually dealt with until
more advanced college physics courses. Though they experienced a lot of frustration and needed
some assistance along the way, they did succeed in producing a spreadsheet to account for a
rocket launch with changing force and air resistance. However, considering the activity as a
whole, it may not have had the desired effect on students. Overcoming the challenges with the
technology occupied much of the mental effort students could have put toward truly
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understanding the effects of friction on their rockets. The project took longer than anticipated,
and students had already spent multiple days of class working on spreadsheets and discussing
rockets. Since students were concurrently building their own model rockets and were anxious to
actually try them out, the phase two reflection was somewhat rushed, preventing students from
enjoying all of the benefit they could have from this activity.
Finally, in phase three, students used their spreadsheets to predict the altitude reached by
the model rockets they’d spent the previous weeks building. By measuring and inputting the
mass and an approximate cross-sectional area into their spreadsheets, they could quickly predict
a maximum height and velocity of their rockets. Then the excitement began as the classes
headed outside to launch their rockets with an altimeter on board to test their predictions.
Some students’ predictions were close, while others were not as accurate. In the AP
Physics C class, percent error on the height predictions ranged from 6 to 94%. Some students
questioned why their rockets didn’t achieve their predicted height, and they came up with a few
ideas. They observed that some rockets deployed their parachutes before they reached their peak
height. Others realized the effect of the approximation used from the variable thrust. The
biggest factor may have been the approximation for the drag coefficient. Some groups did
substantial research into the drag coefficient for their particular rocket shape. Some students
even attempted to calculate the drag coefficient from a formula they found. However, several
groups used the drag coefficient values provided without much thought. Regardless, this factor
created problems for the students. Another factor may have been the accuracy of the altimeter.
Investigator 2 suspects that the altimeter used was not terribly reliable, especially since it was not
quite used as directed. Given more time, the activity could have been extended for students to go
back and refine the drag model in their spreadsheets to determine a more appropriate drag
coefficient for their rocket.
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(a)

(b)

(c)

(d)

Figure 10: (a-b) Students launched rockets they had built. (c) Students checked the altimeter after each launch. (d)
Students provided their instructor with their predictions based on their spreadsheets.

Treatment 3 summary. As a whole, the rocket project was quite involved. It required
students to incorporate many models they had learned and to overcome several Excel quirks.
The process that students went through to analyze the forces on the rocket, calculate those forces,
find the net force and acceleration, and then determine velocity and acceleration required a deep
understanding of most of the mechanics concepts they had learned up to that point in the year.
Many students responded well to the challenge, while others weren’t pleased that they were
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assigned such a difficult and time-consuming project. Regardless of their response, the
spreadsheet project required them to apply and extend Newton’s Second Law and uniform
acceleration to a real-world problem in which they actually were able to build a model rocket and
see the result. The accompanying reflection and analysis questions ensured that students were
correctly interpreting their spreadsheets predictions and understanding the representations of the
applicable models.
Treatment 4: Projectile spreadsheet. In this treatment, the students were instructed to
model the two-dimensional motion of a horizontally launched projectile with a spreadsheet. The
students were also given the opportunity to apply their spreadsheet model in order to predict the
landing position of a projectile in a laboratory activity. A few observations of the students
during the implementation of this treatment are listed below.
The act of programming a spreadsheet requires that students apply their understanding of
physics models at a higher level. For this treatment, the students had to use more than just one
model in the correct way in order to achieve the desired outcome. One student, Sam explains
how he programed the spreadsheet to find the vertical height of a projectile (see Figure 11).
The vertical position is a little more complicated. To program the vertical position, the
model ‘4.9*time*time’ was used.
At this point, Investigator 1 was concerned that Sam was resorting to a plug and chug mentality
to solve this problem. Sam proved him wrong as he explained further.
This is easier to explain using graphs as opposed to formulas. Because the area of the
velocity graph gives us the position of the object, and the slope of the line (acceleration)
is already known, this step is easy. The formula for the area of the triangle is ‘1/2BH’.
In terms of time, the base is T and the height is 9.81T…will give us our final equation for
the spreadsheet in which the only variable needed is time. (Investigator 1 Field Notes)
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Sam’s explanation demonstrates a solid understanding of the constant acceleration model
and its application to this new scenario. It was also impressive that he used a graphical approach
in his solution.

Figure 11: Sam’s student work, explaining how he determined the position of the projectile.
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Figure 12: Students show satisfaction and relief after getting their spreadsheet to work.

Programming the spreadsheet requires that the student have a solid understanding of the
model in order to program the spreadsheet correctly. The spreadsheet also gives the student
instant feedback if completed incorrectly. On many occasions, it was found that students
discovered outputs in their spreadsheets that were inconsistent with the predicted value of the
physics models they learned in class. In these cases, the students had to go back in order to
figure out where they went wrong. Sometimes they had to “reverse engineer” the spreadsheet to
figure out the problem. This was a very frustrating process for many students. Usually, the
investigators were able to use Socratic dialogue to get the students back on track. Regardless,
this process helped the students to become “intimately exposed to the relationships” (Arons,
1997) and in every case, they walked away with a stronger understanding of the models at hand.
One of the purposes of deployment activities is to strengthen the student’s proportional
reasoning skills and relationships between variables of the given models. This activity provided
the students an opportunity to practice these skills. One of the questions in this treatment asked
the students to explain the relationship between the horizontal velocity and the range of a
projectile. Donnie was able to use her spreadsheet to verify her predictions. Donnie states:
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Doubling the horizontal velocity will double the range of the marble… The faster one is
traveling more meters in one second that the slow one and they both fall at the same
speed. When I plugged in 10 for the horizontal velocity the range for two seconds was 20
and when I doubled the velocity the range at two second changed to 40. (Investigator 1
Field Notes)
This activity not only helped Donnie to answer the question about the model but also allowed her
to also test her predictions. This helped to give Donnie more confidence in working with her
models. Donnie’s spreadsheet is shown in Figure 13.

Figure 13: Donnie’s spreadsheet for 2-D motion.

In another case, the students were asked to compare two objects moving at different
horizontal velocities and to determine which one would hit the ground first. Matt answered as
follows: “Actually, they should both take the same time to drop, assuming they’re dropped from
the same height (and the same planet). Horizontal velocity has no effect on the y-position, the
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only things that affect the time to impact is the initial height.” This is a very difficult concept for
students to comprehend. Even after discussing the common “shot bullet and dropped bullet”
example, many students still have a difficult time understanding this idea. By programming the
spreadsheet, Matt was able to get a better grasp of this concept. It was interesting to observe him
change the input values (horizontal velocity) on the spreadsheet and to then see how the output
changed across the screen. In this case, changing the input of the horizontal velocity had no
effect on the values of the data in the y-position or y-velocity columns. Many students expected
the entire spreadsheet to change with a new input value. The lack of change in these columns
startled some students and caused them to question the validity of their spreadsheets. This
provided them an opportunity to go back and to rethink the question and results in order to get a
better grasp of the independence of the two models. This step provided a strong visual
affirmation of the model.
In order to determine the progress of the students with the treatment, Investigator 1
interviewed several students after school using the think aloud protocol. The student was asked
to solve an unfamiliar projectile motion problem that involved an angle above the horizon using
a spreadsheet. A small part of the interview follows:
Investigator 1: “What did you do to find horizontal velocity?”
John: “Uh, because to find horizontal position, it would be, uh, the position equals the
velocity times time, so you would have the velocity times the time in order to get the
position.”
Investigator 1: “Why is it just times time?”
John: “Pause”
Investigator 1: “We’ve used a lot of other models, why are you just multiplying velocity
times time?”

THE EFFECT OF USING SPREADSHEETS

44

John: “We’re only accounting for the horizontal distance, we’re just looking at the
horizontal instead of any other factors.”
Investigator 1: “Why would you only multiply horizontal velocity times time? I don’t get
it.”
John: “Uh, because, long pause, uh, for example, since horizontal velocity is 9.9, at 1 s it
would go 9.9, so if you would want another second it would go to… I’m going to pull the
spreadsheet down so you can see a time lapse…so you can see everything.” [John
proceeded to “fill down” the column for horizontal velocity so that the column became
populated with the velocity for each time period.]
Investigator 1: “Let me ask you about your horizontal velocity, it never changes, why?”
John: [pause] “Because the horizontal velocity, because there’s no other forces acting
upon it, it would stay constant throughout the whole time period.” (Investigator 1 Field
Notes)
This interview gave the investigators more evidence on the effectiveness of the
spreadsheet to not only solidify the old models but to also use as a tool for solving new and more
challenging application problems. During the interview, it was apparent that John was struggling
to explain the cause of constant horizontal velocity. He tried to avoid the question several times.
Once John programmed the spreadsheet to give the horizontal velocity values throughout, and he
was able to see those values, it seemed to create a better understanding of the problem. Upon
seeing this, he was then able to answer the question thoroughly and with more confidence.
The students appeared to enjoy this activity. They were amazed that they could actually
predict the landing spot of a projectile. They were also able to relate this model to their own
interests such as baseball and basketball. With this activity, they were able to answer “what-if”
questions as proposed by Roblyer (2003) and actually test the results firsthand. The lab was very
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predictable with little error if done correctly and helped to increase the students’ confidence and
motivation. This activity also drew upon the competitive nature of the classes as each group
tried to outperform the other. Students’ performance on the FCI questions regarding projectile
motion reflected their understanding of the model, as they scored over 80% on the related
questions on the FCI.
Treatment 4 summary. Overall, this was an effective treatment activity. The students
were given a projectile motion problem where the students were challenged to predict the
landing position. The natural orientation of the spreadsheet was well suited to solve problems of
this type. Students were able to line up the horizontal and vertical velocity columns on the
spreadsheet which helped them to see the independence of the two velocities. The students were
also able to observe the output effects of initial conditions. This helped the students to develop a
stronger understanding and relationships of the constant velocity and constant acceleration
models. Finally, using their spreadsheets to accurately predict the landing spot of a projectile
provided students another opportunity to recognize the power of computational modeling and
appreciate its usefulness in real-world scenarios.
Treatment 5: Energy spreadsheet. In this treatment, the students were instructed to
program a spreadsheet showing the potential energy, kinetic energy and velocity of a ball starting
from rest and rolling down an incline. Before this activity, students were asked to predict the
shape of the graph of energy with respect to position along the ramp for the ball.
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Figure 14: A student’s prediction for kinetic energy (Ek) and gravitational potential energy (Eg) as the ball proceeds
down the ramp.

Many students predicted that the kinetic energy would increase quadratically as the ball
rolled down the ramp (Figure 14). This assumption was most likely due to the interpretation of
the square relationship for the kinetic energy. This prediction task caused the students to reflect
upon energy relationships and to develop a deeper understanding of the relationship between the
two variables as related to the conservation of energy. When students later determined that the
energy changes linearly with the distance the ball rolls down the ramp, it was an opportunity for
students to confront and address misconceptions in their understanding of energy.
When it came time to create the spreadsheet, the first complication for the regular physics
students came in setting up the coordinate system for the problem. Most chose to think about
position as “distance down the ramp”—as such, the origin (zero position) would be at the top of
the ramp. Students were then a bit perplexed when thinking about the height. They knew the
ball was at its highest (with the most gravitational potential energy) at the top of the ramp, but
then struggled to shift their coordinate system such that the bottom of the ramp corresponded to
zero gravitational potential energy. The regular physics students also were challenged by the
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trigonometry necessary to determine the height of the ball along the incline. They had done
many problems throughout the force and two-dimensional motion units that required them to use
sine, cosine, and tangent to calculate the position of objects or the components of forces, but they
were unsure how to use Excel for this purpose. Then, once they had figured out (with some
teacher guidance) how to calculate the height, when they tried to use Excel’s sine function, they
quickly realized that it only accepted values in radians. In mechanics, students rarely deal with
radian angle measures, so another intervention was necessary. A final issue was that, when
students were asked in later subtasks to adjust the length of the ramp, they had to manually
extend their data tables so that the graphs represented the entire ramp. Many regular physics
students neglected to make this manual adjustment. If this activity is used again, the
investigators suggest a template spreadsheet that automatically adjusts the data table to include
equally-spaced distances along the entire ramp. For regular physics students, perhaps even
providing the height at each distance down the ramp would avoid unnecessary complications.
The spreadsheet that Mike completed for this assignment is displayed in Figure 15.
The shape of the graph, especially the kinetic energy graph, was surprising to many
students. As most graphs done up to this point in the course were with respect to time (rather
than displacement), students eventually realized that the graph is plotted with distance on the
horizontal axis. One shortcoming of Excel is that, by default, newer versions do not label the
axes of a graph. Had Mike done so (Figure 15), the relationship would have been clearer.
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Figure 15: Mike’s energy spreadsheet and graph. Kinetic energy is represented by the squares (■) and gravitational
potential energy is represented by diamonds (◊).

Prior to this activity, students created energy bar charts to model the situation for various
points along the path. In this activity, the students turned the discrete bar charts into a
continuous model. Mary observed this relationship with her analysis. Mary states: “The (total)
energy is always the same total. The slopes are equal and opposites….always add to the same
values at any position.” This statement about slopes shows Mary’s development of a deeper
understanding of the relationship between the variables. In another case, Jesse states: “As the
block slides down the inclined plane, the energy is proportionally transferred from potential
energy to kinetic energy being conserved rather than lost.” This process helped Jesse to develop
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a stronger understanding of the proportionality between the two types of energy. This
relationship may have been missed if he had not gone through this process.
The students were also instructed to modify their spreadsheets to include the effects of
friction. Jesse’s modified graph is shown below in Figure 16.

Figure 16: Jesse’s modified energy graph with friction.

After completing this spreadsheet, the students were instructed to find a relationship
between the kinetic, potential and internal energy of the system (Worksheet 6, part K in the
appendix) Another student, Kim, came up with the following relationship: “Friction and kinetic
energy must equal the potential energy (245 J). As friction and kinetic energy increase, potential
energy decreases.” Prior to this assignment, Kim had struggled with the concept of the
conservation of energy. This activity helped Kim to gain a stronger understanding of this
relationship by obtaining a visual representation and tabulation of the energy categories. She
was now able to clearly see and understand how the energy types were related.
Overall, this last treatment should have been one of the strongest assignments for the
students. At this point, they should have been fluent with spreadsheet use and should have felt
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more confident with proportional reasoning. Unfortunately, this was not the case. The
motivation level for this assignment was lower than other treatments. A possible reason is that
this activity was the only treatment that was not tied directly to a lab experience or competition.
In the future, it would be beneficial to improve this activity by connecting it to a lab activity in
which students have to make predictions, such as predicting the speed of a marble rolled down a
ramp (such as in the two-dimensional spreadsheet activity). Also, students enjoy tasks in which
they can compare answers with each other and even engage in friendly competition with other
groups. If they were evaluated on the percent error of their prediction of the velocity of an
object, it might provide some incentive to use the tool to its full extent. This would motivate
students to truly understand the task so they can ensure they are making the best predictions
possible.
Treatment 5 summary. The students were instructed to program a spreadsheet to show
the magnitude of potential and kinetic energies of a sphere rolling down an incline.
Unfortunately, this activity did not go as well as planned. The spreadsheet had some latent
problems that did not surface until the students were halfway through the assignment. The
instructors were able to help the students get through these problems, but it damaged the interest
and motivation of many students. Even with these challenges, the students were able to gain a
deeper understanding of the conservation of energy. Specifically, the students discovered a
continuous model for the kinetic and potential energy of a ball rolling down a constant incline.
Overall, the investigators would consider using this treatment again with some modifications to
the format and type of assignment.
Quantitative Measures
Prior to treatment, students were assessed on their science reasoning ability using the
Classroom Test of Scientific Reasoning (CTSR). The resulting CTSR pretest scores showed a
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discrepancy in the cognitive development and reasoning level of students from each treatment
group. The investigators used Lahti’s interpretation (2012) of the CTSR to classify students into
levels similar to Piaget’s stages of cognitive development. Level 3 corresponds to a concrete
operational stage of development, in which students are unable to test hypotheses involving
visible causal agents. Low Level 4 signifies a transitional stage, while High Level 4 and Level 5
represent the formal operational stage, in which students are consistently able to test hypotheses
and use proportionality, deductive reasoning, and variable manipulation to solve problems. As
shown in Figure 17, Treatment Group 1 consisted of almost no students at Level 3, with the
majority at High Level 4 and Level 5. On the other hand, almost all students in Treatment Group
2 were at Level 3 and Low Level 4. Comparison Groups 1 and 2 were similar in distribution of
scores to Treatment Group 2, but were at a somewhat lower cognitive development level than
Treatment Group 1.
The remaining quantitative data was compiled and summarized in Table 3. Scores on the
FCI pretest also showed a wide variation between Treatment Groups 1 and 2, with mean scores
of 8.60 and 5.13, respectively. Since the two treatment groups had quite different FCI and CTSR
pretest scores, indicating a substantially different initial cognitive reasoning ability, the
quantitative effects of the treatment for each group were analyzed separately.
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Figure 17: Percentage of students in various developmental levels (as proposed by Lahti, 2012) for treatment and
comparison groups. Levels were based on the number of correct responses on the 24-question CTSR pretest. A
score of 0‒8 (0‒34%) was classified as Level 3. Scores of 9‒14 (35‒59%) were classified as Low Level 4. Scores
of 15‒20 (60‒84%) were classified as High Level 4. And scores of 21‒24 (85‒100%) were classified as Level 5.

Table 3
Summary of CTSR, FCI, and FCI normalized gain (G) means and standard deviations for
treatment and control groups.
Pre-CTSR
(%)

Post-CTSR
(%)

Pre-FCI

Post-FCI

FCI (G)
(%)

Group

N

Treatment Group 1
(AP Physics)

29

67.25
(16.73)

77.00
(13.44)

8.60
(4.90)

19.27
(6.52)

50.26
(28.72)

Treatment Group 2
(Regular Physics)

8

45.33
(11.23)

45.83
(14.78)

5.13
(3.91)

13.00
(5.24)

29.48
(27.27)

Comparison Group 1
(Regular Physics)

41

49.14
(19.02)

59.83
(16.07)

6.98
(3.17)

11.00
(4.91)

16.92
(21.67)

Comparison Group 2
(Regular Physics)

39

51.82
(12.52)

59.51
(13.73)

7.59
(3.28)

12.64
(4.28)

22.69
(14.88)

Comparison Group 3
(AP Physics)

26

‒

‒

10.27
(4.87)

18.69
(5.18)

36.54
(44.62)

Comparison Group 4
(Regular Physics)

11

‒

‒

5.27
(1.74)

12.36
(3.29)

28.07
(16.02)

Note: the mean score is provided for each group, with the standard deviation below each figure in parentheses.
CTSR scores are reported as a percentage of questions correct. FCI scores are reported as a raw score. A dash (‒)
indicates no data was available.
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Treatment Group 1: AP Physics C students. The distribution for the pre and post FCI
scores are graphed in Figure 18.

Figure 18: FCI scores for the AP Physics C group before and after the treatment. Based on a non-directional
dependent sample t-test at α = .05, the investigators reject the null hypothesis that the population means are equal,
t(29) = 11.04, p < .001. The investigators conclude that there is a significant difference in the student’s pretest score
(Mean = 8.60, SD = 4.90) and the post test score (Mean = 19.30, SD = 6.5) and are 95% confident that the interval
8.70 to 12.60 contains the true population mean difference. The correlation was 0.60.

These results show a definite improvement in the students’ conceptual understanding of
physics from a mean of 8.6 at the beginning of the course to a mean of 19.3 at the end. Although
the FCI growth data makes a strong case for the implementation of the treatment, they are not
atypical from the gains achieved in previous years without the treatment.
To further test the validity of the treatment, the normalized gains from the FCI test from
this treatment group were compared to the gains from Comparison Group 1. The normalized
gains on the FCI for both groups follow in Figure 19.
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Figure 19: Normalized gains for FCI for the comparison group and the AP Physics treatment group. Based on a
directional independent samples t-test at α = .05, the investigators reject the null hypothesis that the population of
the net gain of the FCI for the treatment group is less than or equal to that of the control group, t(67) = 5.14, p <
0.01. They therefore conclude that the class with the treatment (Mean = 50.23, SD = 28.68) produced significantly
higher normalized FCI test scores than the class without the treatment (Mean = 17.85, SD = 21.84).

The statistical analysis shows that the students from the treatment group had a normalized
gain of 50.23% which was much higher than the gain for the comparison group of 17.85%.
Although this statistical test supports the case for this treatment, it is very likely that other factors
may have influenced these results. The two groups of students came from similar high schools
and backgrounds, but they varied widely in other areas. For one, the treatment group had a
homogeneous math background. Every student in the treatment class was concurrently enrolled
in Calculus 1 during the treatment period. While some students in this group were definitely
stronger than others, they all had a similar background. The math background of the comparison
group varied on a far wider scale with more students skewed towards the lower end. Two of the
students in the control group were very low and had not yet passed the state math test (AIMS
test) for graduation and were enrolled in a credit recovery math class. While a more advanced
math ability is not required for success on the FCI, this may be tied to the students’ ability to
reason and process new information. The scores on the CTSR pretest for the two groups varied
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widely, with the treatment group averaging 67% and Comparison Group 1 averaging 49%.
These results show a wide chasm between the two groups in their ability to reason upon entering
the class. According to Coletta and Phillips (2005), post-FCI scores and FCI normalized gains
have a strong correlation with pre-CTSR scores. This factor may have influenced the results and
would make the two groups difficult to compare with each other based strictly on FCI scores.
Lastly, the control group also struggled with an abnormally high level of absences during the
school year. The absences in the treatment group were lower.
The normalized gains from the FCI were also weighed against the second comparison
group as described in the methods section. The results are shown below in Figure 20.

Figure 20: Normalized gain for Comparison Group 2 as compared to the AP Physics treatment group. Based on a
directional independent samples t-test at α=.05, the investigators reject the null hypothesis that the normalized gain
of the FCI for the treatment group is less than or equal to that of the control group, t(60) = 4.68, p < 0.001. They
therefore conclude that the class with the treatment (Mean = 50.23, SD = 28.73) produced significantly higher
normalized FCI test scores than the class without the treatment (Mean = 23.06, SD = 15.51).

Once again, the results make a compelling case for the implementation of the treatment.
The treatment group had an average normalized gain that was more than double the average for
Comparison Group 2. Unfortunately, it appears that Comparison Group 2 may have also been a
poor choice for comparison. This group had a similar math background as Comparison Group 1,
and the average CTSR pretest score for Comparison Group 2 (Mean = 52%) was only slightly
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higher than Comparison Group 1 (Mean = 49%). The CTSR pretest scores for the treatment
group were significantly higher (Mean = 67%).
In order to obtain a better control, the investigators compared the gains on the FCI scores
from the AP Physics treatment class to the gains on the FCI scores from the same type of class
from the previous year without the treatment—Comparison Group 3. The two classes were very
similar in that the students came from the same school, had the same type of backgrounds, and
were taught by the same teacher. The only difference between the two groups was the ability
level of the students. The CTSR was not administered to this comparison group, so a
quantitative comparison of reasoning ability is not possible, but, anecdotally, the treatment class
was a little weaker than the previous year based upon overall performance throughout the year
and instructor observation. The calculus instructor who taught the same group of students
reached this same conclusion independently.
In order to verify that these two groups came for the same initial populations, a statistical
analysis of the FCI pretests was administered. The treatment class’s pretest scores (Mean = 8.60,
SD = 4.90) were compared to the previous year’s (Mean = 10.27, SD = 4.87). A non-directional
independent samples t-test at α = .05 failed to reject the null hypothesis that the two samples
come from the same population t(54) = ‒1.28, p = 0.208. Therefore, this analysis shows that the
two groups originally came from similar populations and gives a good baseline for comparison.
Although the effect of the treatment could not be proven statistically (see Figure 21), the
normalized gain on the FCI was almost 14 points higher than the previous year. This shows that
the treatment did have some effect on the FCI scores. If these results are combined with the fact
that the class was academically weaker than the year before, the treatment does show some
promise.
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Figure 21: FCI score net gains from Comparison Group 3 and the treatment group. The authors were interested in
the effect of the treatment on the normalized gain on the FCI score. Based on a directional independent samples ttest at α = .05, the investigators fail to reject the null hypothesis that the normalized gain for the treatment group is
less than or equal to that of the comparison group, t(54) = ‒1.38, p = 0.17. The investigators therefore conclude that
the class with the treatment (Mean = 50.23, SD = 28.68) did not produce significantly higher normalized FCI test
scores than the class without the treatment (Mean = 36.54, SD = 44.62).

The investigators also applied the research of Coletta, Phillips and Steinert (2007) as
discussed previously to find a better comparison group. In their study, Coletta’s group found a
strong relationship between the FCI normalized gain and the pre CTSR scores for 297 students
enrolled in an introductory mechanics course at one high school and one university. The
instructors for the classes analyzed in the study applied interactive engagement strategies (such
as Modeling Instruction) throughout their respective courses.
Figure 22 gives a predictor of the post FCI normalized gains for this group of students as
a function of their entering Lawson Test. This provides a better control group as it accounts for
the CTSR score differential that was an issue in comparing previous groups.
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Figure 22: Plot of FCI normalized gain versus CTSR (Lawson) scores for 297 students, with individual student data
averaged within 17 bins, compiled by Coletta, Phillips, and Steinert (2007).

In order to simulate the graphical representation above as closely as possible, CTSR
scores from the treatment group were categorized into 4 bins (or quartiles). For each of the bin
scores, the predicted FCI normalized gain of the comparison group were estimated from Figure
22 and compared to the actual FCI normalized gain. The scores are listed below in Table 4.
Table 4.
The CTSR scores and FCI normalized gain from Treatment Group 1 (AP Physics C: Mechanics)
compared to predicted normalized gain data published by Coletta, Phillips, & Steinert (2007),
shown in Figure 22.
Quartile

Mean CTSR Score (%)

FCI (G)

Predicted FCI (G)

Difference

1

44

0.26

0.25

+0.01

2

61

0.39

0.35

+0.04

3

73

0.67

0.45

+0.22

4

86

0.79

0.60

+0.19

The scores in Table 4 show an interesting trend. The students in the lower two quartiles
scored very close to the students in the published study. The treatment appeared to be relatively
ineffective for these groups. Conversely, the students in the upper quartiles demonstrated FCI
gains that were much higher than the comparison group. For example, the students in the third
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quartile had an average FCI normalized gain of 0.67 which is significantly higher than the score
predicted by the graph of about 0.45. It’s interesting to note how the treatment affected one
subgroup and not the other. Possibly, students with the lower reasoning ability may not be
adequately prepared to tackle the challenge of programing a spreadsheet. Once again, these
statistics show promise for the implementation of the treatment, but there was not enough data to
prove conclusively that this treatment works in this case.
Treatment Group 2: regular physics students. The regular physics students in the
study were generally below-average when compared to national norms on the CTSR (O’Donnell,
2011). The CTSR results plotted in Figure 17 revealed that most students in Treatment Group 2
were operating at Level 3 and Low Level 4, corresponding to Piaget’s concrete operational stage.
The lack of formal reasoning skills seemed to limit the effectiveness of guided inquiry‒an
observation also made by O’Donnell (2011). The results of the FCI pretest and posttest are
shown in Figure 23.

Figure 23: FCI scores for the regular physics treatment group before and after the treatment. The investigators
were interested in the effect of using spreadsheets to improve students’ conceptual understanding of physics. Based
on a non-directional paired sample t-test at α = 0.05, the investigators reject the null hypothesis that the population
means are equal, t(7) = ‒3.220, p = .015 and conclude that there is a significant difference in the student’s pretest
score (Mean = 5.13, SD = 3.91) and the post test score (Mean = 13.00, SD = 5.24). The interval 2.09 to 13.66
contains the true population mean difference at the 95% confidence level. The correlation was ‒0.126.
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As expected, students showed a statistically significant increase in their understanding of
Newtonian physics, from a mean of 5.13 questions correct on the pretest to 13.00 correct on the
posttest. Unfortunately, while these gains are compelling evidence for an increase in student
understanding of Newtonian physics, they cannot be directly attributed to the spreadsheet
treatment, particularly since Modeling Instruction has been shown to be effective in raising FCI
scores (Wells, Hestenes, & Swackhamer, 1995).
To gauge the effectiveness of using spreadsheets in the regular physics class, the effect of
the modified instruction in Treatment Group 2 was compared to that of two similar classes:
Comparison Group 1 and Comparison Group 2, in which the FCI test was also administered.
The students in the comparison groups were similar in many ways to the students in the
treatment physics class. The math backgrounds of students in all groups varied, with some
students at a very low level. Each group included students who were absent as much as 10% of
the time. The regular physics treatment group’s FCI pretest scores (Mean = 5.13, SD = 3.91)
were statistically similar to both Comparison Group 1 (Mean = 6.98, SD = 3.17) and Comparison
Group 2 (Mean = 7.59, SD = 3.28) at α = .05. Pre-CTSR scores for the treatment group (Mean =
45.00%, SD = 11.25%) were similar to Comparison Group 1 (Mean = 47.92%, SD = 20.71%)
and Comparison Group 2 (Mean = 51.82%, SD = 12.52%). The histograms in Figures 24 and 25
compare the normalized gains on the FCI for the treatment and comparison groups.
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Figure 24: Normalized gain on the FCI for the Comparison Group 1 and the regular physics treatment group. The
investigators were interested in the effect of the spreadsheet treatment on the normalized gain on the FCI. Based on
a directional independent samples t-test at α = .05, the investigators fail to reject the null hypothesis that the
normalized gain for the treatment group (Mean = 29.48, SD = 27.27) is less than or equal to that of the comparison
group (Mean = 16.92, SD = 21.67), t(47) = 1.44, p = 0.08.

Figure 25: Normalized gain on the FCI for Comparison Group 2 and the regular physics treatment group. The
investigators were interested in the effect of the spreadsheet treatment on the normalized gain on the FCI. Based on
a directional independent samples t-test at α = .05, the investigators fail to reject the null hypothesis that the
normalized gain for the treatment group (Mean = 29.48, SD = 27.27) is less than or equal to that of the comparison
group (Mean = 22.69, SD = 14.88), t(45) = 1.006, p = 0.16.

So, though the treatment group’s normalized gain was as much as 7 points higher than the
comparison groups, the difference was not statistically significant at the 95% confidence level.
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As another test of the effectiveness of the spreadsheet treatment, the treatment group FCI
normalized gain this year was compared with the scores from the same class the previous year
(Comparison Group 4). These two groups have a much more similar socioeconomic and cultural
background, math and science reasoning ability, and level of motivation—and they share the
same instructor, removing many variables that can inherently cause variations in scores.
To determine if the treatment group and comparison group are statistically similar, an
independent samples non-directional t-test was performed on the students’ pretest scores. The
investigators failed to reject the null hypothesis that the mean of the two groups were equal
t(9.03) = ‒0.10, p = 0.92. Therefore, regular physics students this year performed about the same
on the FCI pretest (Mean = 5.13, SD = 3.91) as last year’s class (Mean = 5.27, SD = 1.74),
though this year’s class had a wider variation in pretest scores. The comparison of normalized
gains for this year’s treatment group with last year’s comparison group are shown in Figure 26.

Figure 26: Normalized gain on the FCI for Comparison Group 4 and the regular physics treatment group. Based on
a directional independent samples t-test at α = 0.05, the investigators fail to reject the null hypothesis that the
normalized gain on the FCI for the treatment group (Mean = 29.48, SD = 27.27) is less than or equal to that of the
comparison group (Mean = 28.07, SD = 16.02), t(17) = 0.14, p = 0.89.

The treatment did result in slightly higher normalized gain and post-FCI scores, but such
a small difference with such small sample groups did not prove to be statistically significant.
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When subjecting Treatment Group 2 to the type of analysis performed by Coletta, Phillips, and
Steinert (2007), a similar trend as was observed in the AP Physics class emerges.
Table 5.
CTSR percentage and FCI normalized gain (G) for each quartile of Treatment Group 2 (regular
physics), compared to predicted normalized gain data published by Coletta, Phillips, and
Steinert (2007) (see Figure 22)
Quartile

Mean CTSR Score (%)

FCI (G)

Predicted FCI (G)

Difference

1

26.7

‒0.01

0.25

‒0.26

2

33.4

0.22

0.26

‒0.04

3

36.7

0.35

0.26

+0.09

4

48.3

0.62

0.28

+0.34

Once again, Table 5 shows that the FCI gain was much greater for the third and fourth
quartile of students, beating the predicted gain extracted from Coletta, Phillips, and Steinert’s
published work (2007). However, there was also a significant gap in the first quartile of
students, with almost no FCI gain whatsoever. One student in the first quartile had a normalized
FCI gain of ‒0.21, so that may be an outlier. Nonetheless, the treatment appeared to be much
more effective for students with higher cognitive development and science reasoning skills.
The treatment did not result in significantly higher FCI normalized gain for Treatment
Group 2 than classes without the treatment. Slightly higher normalized gains in the treatment
class relative to each comparison group were observed, but since the regular physics treatment
group had so few participants, the investigators cannot be confident that the treatment had a
measurable effect.
All treatment and comparison groups. Due to the small sample size of each treatment
and comparison group, the investigators examined the growth of all treatment groups versus all
comparison groups. As discussed in the introduction to the quantitative analysis section, the
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treatment and comparison groups contained students at a wide range of science reasoning skill
and mathematical proficiency, but the distribution of students was similar within both the
combined treatment group and the comparison groups. Initially, the FCI pretest showed a similar
distribution of scores for the comparison groups (Mean = 8.15, SD = 4.10) and the treatment
groups (Mean = 7.87, SD = 4.87), as shown in Figure 27. The pretest scores being similar, the
investigators compared the normalized gain on the FCI for both groups (Figure 28).

Figure 27: FCI pretest score distributions for all comparison groups and all treatment groups. An independent
samples non-directional t-test was performed on both groups’ FCI pretest scores at α = .05. The investigators failed
to reject the null hypothesis that the mean of the two groups were equal t(180) = ‒0.36, p = 0.72.

Figure 28: FCI normalized gain for all comparison groups and all treatment groups. Based on a directional
independent samples t-test at α = 0.05, the investigators reject the null hypothesis that the normalized gain on the
FCI for the treatment group (Mean = 45.88, SD = 29.34) is less than or equal to that of the comparison group (Mean
= 30.17, SD = 29.27), t(180) = 2.941, p = 0.002.
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The statistical analysis revealed that the treatment resulted in a statistically significant
increase in FCI normalized gain for the combined treatment group when compared to the
combined comparison groups. The treatment groups had a much higher portion of students
achieving a normalized gain of better than 50%.
Table 6.
CTSR percentage and FCI normalized gain (G) for each quartile of the combined comparison
groups and combined treatment groups, compared to predicted normalized gain data published
by Coletta, Phillips, and Steinert (2007) (see Figure 22)
Combined Comparison Groups

Quartile

Mean
CTSR
Score (%)

1

Combined Treatment Groups

Difference

Mean
CTSR
Score (%)

FCI (G)

Expected
FCI (G)

Difference

0.25

‒0.15

39

0.19

0.25

‒0.06

0.18

0.27

‒0.09

55

0.37

0.31

+0.06

54

0.20

0.30

‒0.10

69

0.60

0.40

+0.20

72

0.32

0.45

‒0.13

85

0.64

0.57

+0.07

FCI (G)

Expected
FCI (G)

31

0.10

2

44

3
4

As noted with both treatment groups, the spreadsheet activities had an increased effect for
students with high cognitive reasoning ability, as measured by CTSR scores. A strong
correlation between CTSR and FCI normalized gain was observed in the comparison groups as
well, but the upper quartiles underperformed the predicted FCI gains (Coletta, Phillips, &
Steinert, 2007). The treatment appeared to increase students’ grasp of fundamental physics
models, particularly those students with science reasoning scores above the 50th percentile.
Unfortunately, the authors have similar reservations about comparing the students who did the
spreadsheet deployments with the comparison groups available for this study. Once again, there
were significant differences in the reasoning abilities and academic background between the
comparison and treatment groups. A larger study with more similar comparison groups would
need to be carried out before the investigators could have significant confidence in these results.
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Quantitative conclusions. Both the AP Physics C class and the regular physics class
showed some increase in understanding of physics model against the comparison groups, as
measured by the FCI. Students in the upper two quartiles of science reasoning ability, as
measured by the CTSR pretest, had higher than expected gains. Unfortunately, due to the small
size of this study and its limited one-year time constraint, these gains may not have been a direct
result of students using Excel spreadsheets as a modeling tool. In retrospect, the FCI may not be
the most appropriate tool to gauge student growth in the type of thinking fostered by
spreadsheets. A more appropriate assessment of student growth from discrete thinking to
consideration of problems with a continuous treatment of variables would need to be developed
or adapted, should research on this topic continue. Overall, the case for using spreadsheets as a
deployment method in mechanics is promising, but due to the limited amount of quantitative data
collected, currently it is not extremely compelling. Further tests in more classrooms would need
to be carried out before a more definitive conclusion on the quantitative effectiveness of the
spreadsheet treatment can be made.
Student Perceptions of Spreadsheets
In order to determine students’ perceptions and feelings about this treatment, an
attitudinal survey was administered at the beginning and end of the treatment. The survey had
13 questions and instructed the students to rank their level of agreement on the Likert scale with
various statements related to the treatment. A copy of the survey instrument is included in the
appendix for reference, and students’ responses are shown in Table 7.

THE EFFECT OF USING SPREADSHEETS

67

Table 7.
Survey data for treatment group students. The pre-survey was given before treatment and the
post-survey after treatment.

Note: SS = spreadsheets

Figure 29 gives a good visual aid for the survey results from Table 7. The diagonal line
represents an equal level of agreement before and after, so data points that lie above the line
represent a positive shift in the attitudes of the students towards the treatment. Conversely, the
data points below the line represent the areas where the attitudes of the students changed in a
negative way. Overall, this graph shows an almost equal mix between the two views.
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Figure 29: Survey results before and after treatment. Each axis shows the percentage of students who agree or
strongly agree with statements about spreadsheets before treatment and after treatment

Students’ level of familiarity with Excel saw the largest gain on the survey. Overall, 79%
of the students felt comfortable using spreadsheets at the end of the treatment compared with just
49% at the beginning. This treatment gave the students ample opportunity to use the
spreadsheet, and the majority of the students felt comfortable using this tool after having
completed the physics course. In fact, this comfort level was also evident on question 12, where
39% of the students stated that they had used a spreadsheet for something other than physics.
That students felt comfortable enough to apply these skills in other disciplines as well is
evidence of students’ positive views of spreadsheets usefulness.
The biggest disappointment on the survey related to question 3, which asked the student
to express their level of agreement on whether “spreadsheets help me to better understand the
physics models.” This statement summarized succinctly the overall purpose of the treatment.
Unfortunately, the student’s level of support for this statement went down from 74% at the
beginning to 67% at the end of the treatment. Part of this decrease may be due to the students
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understanding of the term model. The majority of the students had never been exposed to
modeling before the treatment and it would be difficult for them to rank something at the
beginning that they had never experienced. The concept of a model is not even completely clear
for many experienced teachers, so we cannot expect students with one year of physics to have a
deep understanding of models. Regardless, only two-thirds of the students felt that this treatment
helped them to better understand physics models.
The students ended the treatment with positive views about other attributes related
directly to model comprehension. For example, the students indicated that they had a better
understanding of relationships between variables and graphical relationships. These two skills
are critical to understanding and applying models. In addition, over 90% of the students ended
the treatment with the confidence that spreadsheets could help them to make predictions in
problem solving. This, of course, is one of the powerful features of learning physics models.
The students did not express an overwhelming view of the potential of using spreadsheets
to solve problems. After the treatment, only 30% of the students would use the spreadsheet if
given a choice to solve a problem. This figure went down from 39% before the treatment. In
addition, only 52% of the students felt that the spreadsheet could help them solve problems that
they struggle with solving by hand. This figure is difficult to interpret, since the students had at
least four opportunities to apply the spreadsheet to solve problems that would otherwise be
difficult to solve by hand. In addition, this conflicts with the 85% that felt that spreadsheets were
useful for problem solving. It’s possible that the students had not been exposed to enough
problem types to realize the power of this problem solving tool.
Overall, the survey results showed that the students gained many of the attitudes about
physics models that were desired from this treatment. It should also be noted that this treatment
was rigorous and challenging for the majority of the students. The students were required to go
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above and beyond what they would normally do in their respective physics classes. Most
students are not in favor of new and rigorous treatments. This fact can create negative attitudes
on a post treatment survey. Regardless, the students were overall positive about this treatment.
In fact, over 82% of the students felt that the treatment should be used again the following year
with a new group of students. This shows that either the students felt that the treatment was
effective or that they want others to experience the same learning pains that they felt themselves.
Beyond the Statistics
While there was not a tremendous increase on student scores on the FCI when compared
to groups that did not use spreadsheets in physics, a number of positive effects of teaching
students to use Excel and implementing the deployment activities were identified.
Modeling empowerment. By engaging in the process of building spreadsheets, students
have been empowered to model physical situations in the future. Though students did not
respond overwhelmingly on the survey that they felt using spreadsheets helped them to solve
problems, they all completed five significant treatment activities that, without spreadsheets,
would have been a huge amount of work and much more challenging. With Excel, this analysis
can be automatically performed at hundreds of time intervals to give a more continuous picture
of changes that occur. When the regular physics class moved on to electromagnetism, students
used Excel to map electric fields and even independently set up a spreadsheet to show charge
flow through a capacitor. Students in the treatment groups have been equipped with a tool in
their toolkit that they can use when the causes arises.
Life experience. Students will be much more likely to use Excel in the future than
Graphical Analysis or Logger Pro. Since the majority of the students in the treatment group are
not bound for careers in the sciences, it is more beneficial for them to learn to use Excel, a tool
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often used in academics and business and easily applied to problems encountered in every-day
life (creating a budget, producing graphs, tracking expenses, etc.)
Availability. In general, when students sit down at a computer, there is a much better
chance of finding Microsoft Excel installed than one of the scientific data analysis programs.
Having the ability to use this tool will serve them well, since Excel is often available. Even if
Excel wanes in popularity, there are web-apps that mimic its functionality as well as several
Excel clones that are freely-available for download.
College preparation. Most students do take an “Introductory Business Computer
Applications” course, but not much time is devoted to learning to use Excel’s graphing and
calculation capabilities. Excel has been used in introductory college courses in economics,
accounting, physics, and even agriculture, so students’ experience with the tool in high school
will make the transition to college that much easier.
Flexibility. Excel can be used in many different ways and for a variety of purposes.
Students were exposed to its data storage, calculation, and graphing abilities. Students became
aware of Excel’s flexibility and began using it to assist with physics labs and problems that were
not designed to be spreadsheet application activities. Many students even used Excel in
advanced math class to graph statistical data, perform regressions, or to carry out repetitive
calculations.
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Conclusion
Research in the field of physics education strongly supports the need for the use of
modeling tools to apply physics models to promote deeper understanding of the underlying
models. The recently-released NGSS further the need to include computational modeling in high
school science classrooms. Attempts to teach physics students to use computational modeling
tools, such as VPython, have had limited success. This study has attempted to determine if a
readily-available tool, Microsoft Excel, could be used by students in a physics context to increase
their understanding of the fundamental models of Newtonian mechanics, at what level students
would be able to use spreadsheets to apply models to new situations, the extent to which they
could use spreadsheets to analyze relationships in a model, and how students would perceive the
use of spreadsheets in physics.
First, high school physics students were able to use spreadsheets as a tool to apply
conceptual models to new situations. Students at levels ranging from regular physics to AP
Physics C successfully encoded models for constant velocity, uniform acceleration, constant
force, projectile motion, and energy in spreadsheet deployment activities, in which they
demonstrated sophisticated understandings of the underlying models to solve relevant problems.
Throughout the curriculum, the spreadsheet activities afforded students opportunities to apply
physics models to new situations, and many students chose to model subsequent topics using
Excel.
There were a number of advantages of students’ use of Excel models. The treatment
activities provided an opportunity for students to apply relevant models to new situations, even
problems that are ordinarily beyond the scope of an introductory physics course. By using the
spreadsheet to transition to a continuous treatment of a dynamically-changing situation, students
successfully modeled a non-uniform force and a velocity-dependent drag force. In addition,
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students built a spreadsheet that allowed a quick analysis of two-dimensional motion and range
of projectiles without the burden of solving a new problem for each change in initial conditions,
resulting in an increase on FCI questions related to projectile motion. Though students’
understanding of these more complex physics applications was not thoroughly assessed, students
were exposed to the challenge of modeling real-life scenarios that account for changes in several
variables. As an added benefit, students (most of whom are not bound to become scientists)
learned to use a tool that is used in a variety of different fields and will be better prepared for
college and their future careers.
Though students’ perceptions of spreadsheets may have been soured by the high level of
difficulty of the spreadsheet assignments, when students were trained in the use of Excel, they
began using the tool for physics problems and lab activities where its use was not required.
Students must have found some utility in using an Excel spreadsheet to solve problems if they
preferred it among a number of alternatives. When asked via a survey to reflect on their own
perceptions of spreadsheets’ usefulness in physics, almost 85% of students responded that
spreadsheets are useful for problem-solving, 91% said they help them make predictions in
problems, 76% said they help them understand relationships between variables, 85% found them
helpful for understanding graphical relationships, and 82% identified tasks outside of physics for
which spreadsheets would be useful. Clearly, the treatment helped students to understand the
usefulness of Excel and recognize the power it holds for solving problems in physics and
beyond.
The students who received the spreadsheet treatment saw increased scores on the FCI
when compared to their peers. Additionally, particularly students in the top half of CTSR scores
in each class showed FCI gains that were much higher than typical for students at the same stage
of cognitive development in similar physics courses. However, due to the limited size of the
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study and the variations in science reasoning ability and academic level between the treatment
and comparison groups, the quantitative evidence produced by the study was not overwhelming.
A more significant effect may have been observed on an assessment designed to measure the
type of thinking facilitated by use of Excel, but such an instrument was unavailable.
Implications for Instruction
In-service teachers should consider allowing students to use Excel as a tool in their
classrooms for problem solving and model deployment. There is a learning curve as students
gain experience with Excel’s equation syntax and behavior, but the investigators found that the
process of creating a spreadsheet based on fundamental physics models is an exercise that
contributes to student familiarity with the features of those models and improves their ability to
apply the models to more complex situations. When coupled with lab activities or engineering
projects, the spreadsheets serve as an excellent opportunity for students to practice applying and
producing multiple representations of their models. The activities also served as formative
assessment tasks that revealed students’ level of understanding of the models and allowed
targeted remediation for students who held misconceptions.
Throughout the year, the investigators piloted five spreadsheet activities and in the
process identified a number of issues that caused student frustration. First, the introduction to
Excel’s data analysis, graphing, and calculation capabilities must be gradual and allow student
practice at each step before students are asked to complete a spreadsheet as multifarious as the
deployment activities designed for this study. Students must be directed to label quantities and
graph axes with appropriate names and units. When Excel-specific quirks are likely to come up
in assigned tasks, it is beneficial, especially for lower-ability students, to provide a spreadsheet
template as a starting point that manages some of these frustrating elements, freeing students to
focus their efforts on representing the problem at hand. Finally, once students have working
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spreadsheets, time must be devoted to using the spreadsheets to investigate the effect of changing
variables or problem parameters. Socratic dialogue is an excellent instructional strategy for
getting students to think about and discuss the relationships prevalent in a given spreadsheet.
Implications for Further Research
The investigators plan to continue using Excel spreadsheets in their classes, but will scale
back some of the project tasks and reduce the complexity of some assignments. The research
revealed a great deal of promise in using Excel as a physics modeling tool.
● Develop or implement an instrument or technique to evaluate students’ proficiency with
using Excel to model physics situations. While their understanding of the underlying
models grow, students’ experiences with computational modeling should result in an
increase in their computational thinking ability, which is not measured directly by the
FCI. Students’ recorded screencasts were quite helpful in this regard.
● To obtain a statistically significant analysis of student gains, a larger treatment group was
necessary. In addition, the study would have benefited by using more appropriate
comparison groups, possibly over a longer period of time. The investigators were limited
by teaching small physics classes and only having one year to collect data.
● The treatment had a much larger effect on students with the top half of CTSR scores and
very little effect for students in the lower half. Further investigation needs to be done to
reveal the cause of this disparity and determine what, if anything, could be done to allow
the lower-ability students to enjoy the benefits of spreadsheet modeling.
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Student Survey for Spreadsheets
For each statement below, place an ‘X’ in the box that corresponds
to your level of agreement with that statement.

1. I feel comfortable working with spreadsheets.
2. Spreadsheets are useful for problem-solving.
3. Spreadsheets help me to better understand the physics models.
4. Spreadsheets can help me to make predictions in problems
5. Spreadsheets can make problem-solving easier.
6. Given a choice of tools to use (pencil/paper, calculator, spreadsheet,
etc.), I would choose to use a spreadsheet to solve a problem.
7. Spreadsheets help me understand relationships between variables.
8. I would use spreadsheets again if given the opportunity.
9. Spreadsheets are a useful tool for tasks outside physics.
10. Spreadsheets help me to understand graphical relationships.
11. I can solve problems with spreadsheets that I would struggle to
solve by hand.
12. After using spreadsheets in physics class I have used a spreadsheet
for something other than physics.
13. I think my teacher should continue to use spreadsheets for problemsolving in physics next year.
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Name ________________________
Date ____________ Pd _______

UNIT II: Worksheet 6: Spreadsheet Modeling
Excel Tips: Excel can do calculations for you. To
calculate something, start with = and type the equation
in the cell, referring to the cells where the other data is
located.
You can copy an equation into the cells below by
clicking on the square in the lower-right corner of the
cell and dragging down.
To keep a cell reference from changing when you copy
equations, use $ in front of the cell. For example, if
you want A1 to keep pointing to cell A1 when you copy
it to other cells, type it as $A$1 instead.
Today, your goal is to develop a Microsoft Excel
spreadsheet that represents an object moving with
constant velocity. Use your understanding of the
constant velocity model to make your spreadsheet. Include two graphs: position-vstime and velocity-vs-time. Make sure and include an input for initial position and velocity.
1.)

Once your spreadsheet is finished, experiment with the two inputs. As you place
various values in the the initial position:
a.) how does the position -vs-time graph change? Explain.

b.) how does the velocity -vs- time graph change? Explain.

2.)

As you place various values in for the velocity:
a.) how does the graph change? Give a rule that could be used to explain how the
graph is affected by the velocity.
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Update your spreadsheet so that the x-t graph matches the following graphs. What
did you need to change to get it to match? How did you determine those
parameters?

Sketch a corresponding v-t graph.

Sketch a corresponding v-t graph.
4.)

Update your spreadsheet such that x = 10 m and v = 4 m/s. Write a situation that
could be represented by your spreadsheet. Identify a question that could be
answered using your spreadsheet and explain how you can answer it.
0
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UNIT III: Worksheet 5: Spreadsheet Models - Patrolman & Speeder
Solve the following problem:
A speeder driving down the road at a constant 20 m/s, passes a patrolman parked on the
roadside. The patrolman waits 3 seconds, then pursues the speeder, accelerating at a
constant 4.0 m/s . When the does the patrolman catch the speeder?
2

1. Use a spreadsheet to model and solve this problem. You must use only the models
developed in class thus far.
2. Create a screencast of your solution. You can record a screencast
at: http://www.screencast-o-matic.com/
3. Save the file and submit it to your teacher.
4. The following rubric will be used for scoring.

Rubric for Screencast Pts.
Screencast must be 3 - 5 mins.

/5

A spreadsheet must be used to solve the problem

/5

All students must contribute and be heard on the screencast.

/5

The model(s) used must be explicitly-stated and applied correctly.

/5

The focus of the presentation is on the methods you used to represent and solve
the problem -- not instructions on how to use a spreadsheet.

/5

Students explain how the model is represented in multiple appropriate ways (in
equations, data tables, graphs, etc.) At least one graph must be shown.

/5

Following explanation, the students’ solution is apparent.

/5

THE EFFECT OF USING SPREADSHEETS

86
Name ________________________
Date ____________ Pd _______

UNIT V: Worksheet 5: Rocket Analysis
Phase 1:
A model rocket is equipped with a C6-0
engine, with a thrust profile as shown in
the graph at right. The rocket has a
mass of 100 grams and does not have
a parachute. Construct a spreadsheet
that calculates and graphs the position,
velocity, and acceleration versus time
of your rocket as it flies upward,
reaches its peak, and falls back to the
surface.

1.)

Using a spreadsheet, create a position -vs- time graph for the rocket from takeoff to
just past maximum altitude. At minimum, the spreadsheet should include columns
for instantaneous time, acceleration, velocity and position.

Print out the spreadsheet and position -vs- time graph. Answer the following
questions and attach to the spreadsheet and graph.
2.)

On the position -vs- time graph, show where the rocket is traveling the fastest. Why
did you choose this point?

3.)

Using the spreadsheet, create a velocity -vs- time graph for the rocket. Place and a
on the graph to show where the rocket has the greatest acceleration. Also, draw a
force diagram neatly for the rocket that correlates to this point.

4.)

Using the same v -vs- t graph, explain how the net force on the rocket relates to this
graph? Where on the graph is the net force greatest, smallest? Why? Explain.

5.)

Using the v -vs- t graph, how could you determine the maximum height reached by
the rocket? Explain fully.

Using the above information:
6.)

Determine the maximum height reached by the rocket.

H = ______________

Determine the maximum velocity obtained by the rocket. v = ____________
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Phase 2:
In phase 1, you made a simplifying assumption to enable you to model the motion of the
rocket.
One model for the force of air resistance (Fd is the force of drag) is:
Fd = Cd·ρ·v2·A
Cd = drag coefficient (use 0.75 for the model rocket)
ρ = atmospheric density
v = velocity of rocket
A = cross-sectional area of rocket (use 8.0 cm2 for the model rocket, be
careful with units!!)
Update your spreadsheet to account for this additional force that you did not include in
phase 1.
1.)

Print the spreadsheet and a graph of position-vs- time and velocity -vs- time.
A.)

Show on the graph where the rocket is in equilibrium. Draw a force diagram
at this point with quantitative values for the forces. Explain.

B.)

Show on the graph where the rocket has reached its maximum
acceleration. Draw a force diagram for the rocket at this point with
quantitative values for the forces.

87

THE EFFECT OF USING SPREADSHEETS

88

Phase 3: Prediction:
Type up a report with the following questions answered. The questions must be answered
fully and the report must be neat.
1.)

Attach a copy of the first page of the spreadsheet and a copy of the page showing
where the maximum velocity occurred. Attach these pages to the back of the report.

2.)

List the official predicted height and maximum velocity.

2.)

Draw a quantitative force diagram (use computer tools) for the rocket at t = 1 s.
Determine the acceleration of the rocket at this point. Show work. Be neat.

3.)

Attach a neat graph of velocity -vs- time for the rocket. Answer the following fully.
A.)
What does the slope of the velocity -vs- time graph represent?

B.)

How is this graph different than previous velocity -vs- time graphs we’ve
studied in class?

C.)

How does the slope of this graph (v –vs- t) change with time?

D.)

Give a general relationship between the force diagrams at various points and
the slope of this graph. How do they relate?

E.)

What is terminal velocity? At what time does your rocket reach terminal
velocity? Draw a force diagram of your rocket at terminal velocity.

F.)

Discuss some approximations and assumptions you made in order to
determine your prediction. What was the most difficult part of the prediction?

Optional Challenge:
One other property of the rocket that changes during its flight is its mass--when the engine
burns, it expels hot exhaust gas, effectively reducing the mass of the rocket. Incorporate
this into your model and evaluate the impact on your model’s predictions.
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UNIT VI: Worksheet 4: 2-D Lab Modeling Spreadsheet
Make a spreadsheet which models the behavior of a marble launched horizontally from a lab
table. The velocity of the marble may be used as an input for the spreadsheet. Make sure your
spreadsheet includes the following for each instant of time: horizontal velocity, vertical velocity,
horizontal position, vertical position, overall velocity, angle with respect to horizontal. You will
use this spreadsheet to make a prediction for where the marble will land. Good luck!
After making your spreadsheet for the 2-D model, use your spreadsheet to answer the following
questions. Type up a report with the following questions answered and attach a copy of your
spreadsheet.
1.)

What model did you use to program the horizontal position? Explain why you chose this
model.

2.)

What model did you use to program the vertical position? Explain why you chose this
model.

3.)

How does doubling the horizontal velocity affect the range of the marble? Explain.
Verify with your spreadsheet.

4.)

Which takes longer to drop, a marble launched with a horizontal velocity of 20 m/s or
one launched with a horizontal velocity of 40 m/s? Explain. After finding your answer,
verify with your spreadsheet.

5.)

If the height of the drop is doubled, by factor does the range of the marble
change? Explain.

6.)

If both the horizontal velocity and the height are doubled, by what factor does the range
of the marble change? Explain. After finding your answer, test with the spreadsheet.

7.)

Two marbles are launched from a building of height 45 m, one with a horizontal velocity
of 10 m/s and the other with a horizontal velocity 20 m/s. Sketch your prediction for the
path of each marble. Then complete the same task using your spreadsheet and
compare the results. Explain any differences.

8.)

Use the data from the spreadsheet to graph horizontal velocity -vs- time and vertical
velocity -vs- time. Find the slope of each graph and explain the characteristics of each
graph.
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Unit VII: Worksheet 6: Energy Spreadsheet
A 5.0 kg block is released from rest from the top (A) of a frictionless inclined plane.
x=0

A.)

If the angle of the 10 m long incline is 30o, determine the velocity of the block at point
C. Don’t forget to include an energy diagram.

B.)

Make a PREDICTION. Predict what the graph of Kinetic Energy and Potential
Energy -vs- position would look like for this block. You should plot both graphs on
the same coordinate system.
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C.)

Make a spreadsheet that shows the potential energy, kinetic energy and velocity of
the block at regular intervals along the plane. (Note that x=0 at the starting point.)

D.)

Use this spreadsheet to graph the Kinetic Energy and Potential Energy with respect
to x. Sketch below.

E.)

Explain how the above graph shows conservation of energy.

F.)

What is the relationship between E and E ?

G.)

A substance is sprayed on the block which causes a coefficient of friction of 0.30
between the block and plane. Include friction and PREDICT the graphs for E , E ,
E -vs- x.

k

g

int

g

k
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H.)

Modify your spreadsheet to account for friction. The spreadsheet should now show
the potential energy, kinetic energy, velocity and internal energy of the block at
regular intervals along the plane. (Use page 2 of the spreadsheet for this problem.)

I.)

Use the spreadsheet to graph E , E , E -vs- x.

K.)

Give a relationship between kinetic energy, potential energy and internal energy.

diss

k

g

Sketch your graphs below.

Extra Credit
Modify your spreadsheet to solve the following problem (add page 3 on spreadsheet).
A snowboarder wishes to ski down a constant slope (very similar to the problem
above). This snowboarder likes to go fast and wants to maximize her speed. Find
the values of the length, angle, and mass that will maximize her final velocity.

