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Effects of Graphing First

Abstract

Kinematics concepts in physics have been modeled algebraically, graphichiiyt motion
maps. However, the investigators have noticed that despite the many repoeseatatlable to
them, students show a strong preference for solving kinematic problems aldsbr&talents
were required to solve kinematics problems exclusively utilizing graplEpegsentations prior
to being introduced to methods of algebraic solutions. Results indicate that students who
received the treatment chose graphical methods for solving kinematics psaobtem
frequently, and demonstrated stronger gains in understanding kinematics conaeptshave
those students who did not receive the treatment.
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The effects of developing kinematics concepts graphically prior to imtducing algebraic
problem solving techniques

Principal Investigator: Robert Culbertson
Co-Investigators: Jim Archambault, Theresa Burch-Lococo, Michael Croftn, and Angela
McClure

Rationale

Kinematics, the study of motion, is amongst the first topics introduced in most
introductory physics classrooms throughout this country because the major ideas imiks
position, velocity and acceleration, are incorporated into almost all other topicgsics.
Without a solid understanding of these important concepts, students lack the foundation
necessary to succeed as physical concepts become more abstract aswhmpbeated to model
mathematically. Because of the fundamental nature of kinematics in the afipblgsics, any
improvement in student understanding of these concepts creates the possihilitypfaved
understanding of almost all of the rest of the physics concepts that studéertscauinter
throughout the year.

This study attempted to improve conceptual understanding of kinematics concepts by
having students solve problems with graphical representations prior to acquariaglity to
solve similar problems algebraically. By spatially exploring these @nobbefore abstracting
the concepts to an algebraic level, we emphasized the conceptual understaiding wit
students. We hoped that this method of teaching kinematics would be successfuing areat
deeper understanding of the concepts of kinematics than the modeling program has done. We
examined our results in part with the TUG-K and the FCI that are common assessiisein
physics education (Jackendoff, 1999, and Hestenes, 1992).

Literature Review

Students who receive a good grade in an introductory physics course have deetbnstrat
their ability to algebraically find the answer to a multitude of physics prahlbaot many of
these same students, upon closer inspection, are lacking a proper conceptual undeo$tanding
even the most fundamental physics concepts (McDermott, 1993). Further, students who do not
examine their preconceived notions of the physical world, confront them with evidence, and
change their way of thinking may be able to complete a mathematicatlaggroperly, but the
misconceptions return shortly thereafter (Hestenes, 1992). This has been deetbokéea in
recent research especially by Hestenes, et. al., and their use ofdbeeClencept Inventory
(Hestenes, 1992). This assessment has been given to students of many difféydevals
who have successfully completed introductory physics courses in high school or takege
have been taught in a variety of ways (Hestenes, 1987). The results have inditated tha
traditional lecture instruction is less successful at getting studeatgyththeir misconceptions
than approaches that help students to confront the misconception (Hestenes, 1992, Hake, 1998).

One rationale that has been offered for this discrepancy between successsiecsa phy
class and understanding of physics has been offered in the form of cognitive mapping
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(Jackendoff, 1999). Those students who primarily use algebraic methods to solve problems do
so by first assigning a symbol to each concept. This assignment of a variably éimits the

ability of most students to think about the concept as it changes in time and space.
Unfortunately, the concepts emphasized in kinematics are regularly shangime and space.
Students who primarily utilize algebraic methods to solve problems have knowletige of t

inputs and outputs of their equations, but they tend to lose the spatial and temporal information
that occurred between these two points (Megowan, 2007). As this information is lost, much of
the meaning is lost as well. Therefore, the choice of an algebraic methdorfaglving

physics problems can limit the ability of many students to develop a full conceptua
understanding of these ideas (Megowan, 2007).

There is nothing inherent in the physics concepts themselves that requiredheaialge
method as the primary one for exploration and solution. It is clear that graphseaie a
represent a great number of physics concepts, and therefore, the abiléygeetrgraphs and
draw graphs is critical to success in understanding physics (McDermott, 19&®)e go so far
as to say that the ability to utilize scientific representations, suatapiing, is the primary
difference between good and poor problem solvers (Beichner, 1994). It is alsbalepving
students many opportunities over time to work with and interpret graphs improveskittseir s
with graphs (Beichner, 1994, and Mcdermott, 1986). But the great benefit in uphggreo
represent physics concepts is that graphing allows one to think multidimelysathkpatially
about a problem and understand the nuances of the variables (Jackendoff, 1999).

If students first explore ideas with graphs and diagrams, they should be alile to t
advantage of their abilities to think spatially (Jackendoff, 1999). Students whe thibk
progression have been found to have the ability to think about physical concepts and “to move
back and forth in space and time, examine instants or intervals, and see points dtingsch t
happened or changed” (Megowan, 2007). Later, the terminology and algebraicrspicase
can be applied to these ideas and students should be able to move between the spatial and
algebraic representations without as many difficulties as students whadtay@ne through the
spatial exploration of the concepts (Megowan, 2007).

After establishing that students’ misconceptions often get in the way oathkty to
retain physics concepts and that traditional teaching methods are not payteudadssful in
helping students, we have adopted a modeling approach that utilizes multipbemnégtiens of
physics concepts to help students confront the misconceptions. Graphing has bashezstabl
one of the most critical tools to understand physics concepts, and when combined Witialge
representations, results in better student understanding. We will take this gicogeestep
further by first emphasizing the utilization of graphical methods exclysioeproblem solving
in our classrooms. We expect students will develop the ability to think about kineotateepts
spatially and temporally which will result in a better conceptual undersigofiposition,
displacement, velocity and acceleration. When we follow this with algebraidsraidee
concepts, students should become adept at translating between these multi@atetjones of
the problem space to solve kinematics problems algebraically with the sameroved
capability while simultaneously holding a more accurate conceptual unangfaf
kinematics.
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Method
Subjects:

Investigator 1:Investigator 1 teaches at Highland High School, which is located in Gilbert,
Arizona. Gilbert is a suburb of metropolitan Phoenix, and the high school has an enroliment of
approximately 3000 students in grades 9-12. The population of the school is approximately 84%
Caucasian, 9% Hispanic, 4% Asian, 2% Black, and less than 1% American Indigrercgint

of the students receive free or reduced lunch. Investigator 1 worked with appebxi@dat

General Physics students. General Physics is populated by about 65 peroentsends

percent juniors. General physics is a college preparatory class.

Investigator 2: Investigator 2 teaches at Cactus Shadows High School in Cave Creek, Arizona,
north of Scottsdale. Cave Creek is a suburb of metropolitan Phoenix, and the high school has an
enrollment of approximately 1500 students in grades 9-12. The population of the school is
approximately 90% Caucasian, 7% Hispanic, 2% Asian, and 1% Black and Amedcan |

Six percent of the students receive free or reduced lunch. Investigator 2 watked w
approximately 85 general physics and honors students. The math prerequisitefalr ge

physics is Algebra 2.

Investigator 3:Investigator 3 teaches at Spring Lake Park High School, which is located in a
suburb of Minneapolis, Minnesota. Spring Lake Park is one of the smallest suburbs agt the hi
school has an enroliment of approximately 1300 students in grades 9-12. The population of the
school is approximately 80% Caucasian, 7% Asian, 6% Black, 5% Hispanic and 2% America
Indian. Twenty-six percent of the students receive free or reduced lunch. datarss worked

with approximately 35 Honors Physics students and 70 General Physics students. Honors
Physics is primarily populated by juniors and is taught at the level ofedlleshman level

algebra based physics. General Physics is primarily populated by sewiassaacollege

preparatory class.

Investigator 4investigator 4 teaches at Apollo High School, which is located in Glendale,
Arizona. Glendale is a suburb of metropolitan Phoenix, and the high school has an enroliment of
approximately 1800 students in grades 9-12. The population of the school is approximately 40%
Caucasian, 44% Hispanic, 4% Asian, 9% Black, and less than 3% American Indian. 39 percent
of the students receive free or reduced lunch. Investigator 4 worked with appebxib@at

General Physics students and 10 Honors Physics students. General Physicstedpmpula

about 30 percent seniors and 70 percent juniors. AP Physics is populated by about 90 percent
seniors and 10 percent juniors. Both physics classes are college prepdaat®y. c

Control Group 1Control group 1 consists of 2 classes of General Physics students taught at
Desert Ridge High School in Mesa, Arizona. Mesa is a suburb of metropolitan R lamehtke

high school has an enroliment of approximately 2400 students in grades 9-12. The population of
the school is approximately 71% Caucasian, 17% Hispanic, 3% Asian, 7% Black, andiless tha
1% American Indian. About 16 percent of the students receive free or reduced lunch. The
control group consisted of about 40 General Physics students. General Physics isgpbgula

about 65 percent seniors and 35 percent juniors. General physics is a collegegpyegiasst
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These classes are taught using the modeling curriculum designed, in large Adazona State
University. This curriculum allows students to develop models and construct undeigtsdin
guided by the instructor.

Control Group 2:Control group 2 consists of one class of General Physics students taught at
Spring Lake Park High School, which is located in a suburb of Minneapolis, Minnesota. This is
the same school in which Investigator 3 teaches, but this group is not taught bigatees.

Spring Lake Park is one of the smallest suburbs and the high school has an enrollment of
approximately 1300 students in grades 9-12. The population of the school is approximately 80%
Caucasian, 7% Asian, 6% Black, 5% Hispanic and 2% American Indian. Twentyrsexipef

the students receive free or reduced lunch. This group consists of about 30 Genasl Phys
students. General Physics is primarily populated by seniors and is a coipgeapury class.

These classes are taught using the modeling curriculum designed, in large Adazona State
University. This curriculum allows students to develop models and construct undeigtsdin
guided by the instructor.

Procedure for Treatment:

1. Pre-assessment of student abilities.

During the first week of school, we determined the baseline ability level ofuaergs
in three separate areas. First, we gave the Purdue Spatial Visualizgiormhis helped us
determine the relative spatial thinking abilities of our students prior to otmeeas Secondly,
we gave the TUG-K test to assess our student’s abilities to interppetsy move between
graphs, and do calculations from graphs. Finally, we utilized the FCI to aksdésbe
students’ understanding of the fundamental ideas of forces.

2. Permission.

No student who is 18 years of age or older was included in the study without their
authorization provided by their signature. No student who is 18 years of age or older was
photographed or videotaped without their authorization provided by their signature. If students
were not 18 years old, then permission to participate in the study, to be photographée, or t
videotaped was gathered from the parent or legal guardian of the student. Ifiparméssnot
granted to include a student in the study, the results of any assessments \wetadext in the
study. If permission was not granted for photography or videotaping, then thosdsstuelie
not photographed or videotaped.

3. Unit1

Each investigator completed their own first unit of study to prepare their stddents
studying physics. This was necessary because of the different backgroundstudeinés and
their readiness to study physics.

4. Treatment.

This consisted primarily of a change in emphasis from the traditional modelirapappr
The modeling curriculum has been designed, in large part, at Arizona Statestyiv€his
curriculum allows students to develop models and construct understanding as gulted by t
instructor. Our emphasis was on requiring students to solve problems grapgricaltp
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developing their ability to solve problems algebraically. The modeling cwncir physics is
commonly used within each of the investigators’ districts. The modifications otithieulum

for the treatment were reasonable modifications and within the investigdismstion as
teachers. The treatment was incorporated into Units 2 — 6. These units are colustigyt ve
constant acceleration, equilibrium, forces and projectile motion respectizath investigator
was allowed to complete the units in a different sequence so long as they held to#oppii
that graphing methods would be utilized prior to algebraic methods when each new cascept w
introduced. Two new kinematics worksheets that required students to solve problems
graphically were developed for units 2 and 3. Investigators were also abjgtersent the
modeling materials as long as they held to the philosophy that graphing methedgikwed
prior to algebraic methods when each new concept is introduced. The general method for
working through each unit was as follows:

a. We introduced each major concept with the paradigm lab for the unit as usual within the
modeling curriculum.

b. For a few to several days, depending on the unit, the students solely approachedproblem
from a graphical standpoint. Students then were introduced to algebraic methods tbesol
same types of problems. Students finished the unit using graphical and algehaidaio

solve problems.

c. Review for each unit included a worksheet that allowed students to work out each problem
with whichever method that they chose, but during the whiteboarding process, both methods
were discussed.

d. Each unit ended with a summative assessment of the unit of study.

5. Assessment.

The students were assessed in six ways. First, the students took the TUG-&nhdtdhe
unit 3, constant acceleration. Second, the final free-response problems from thesirahd te
the unit 3 test were kept for investigators’ review. Third, each investigatoviewed several
students after unit 6 with a challenging problem that can be solved graphicdtjgltmascally
utilizing a think-aloud protocol. The questions that were asked of the students in tiewnter
were: 1) What were you thinking when you wrote that?; Can you explain how you sa@t&d th
Why did you use that method to solve your problem?; What approach to the problem was more
useful to you?; What does that mean?; What would the graph for this situation lookide?;
Can you solve that problem another way?. Fourth, student whiteboards were photographed and
some student worksheets and tests were kept from all groups so that the proguelentsf s
could be monitored. Each student took the FCI after completing circular motion, the unit
following our treatment. Each of the assessments given was a common ags@sghysics
that is used in the investigators’ districts and other districts around the couatty. E
investigator kept field notes on details of our study to supplement our qualitatve dat
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Modifications from the Proposal.

We had originally intended to utilize a free-response question from the end ofdbe f
unit (unit 6); however, the question we used was too complex to analyze qualitatialgdéc
had too many parts. We therefore excluded that question from our analysis.

Only one of the investigators gave a third TUG-K test to their students bexfahe
time pressures of the school year. For the same reason, only one of thedtorssgigve the
FCI for a third time.

One of the investigators gave the Purdue Spatial Inventory for a second time.

Data Analysis

In this study, we collected both quantitative and qualitative data. The quantiati&/e
came from the Purdue Spatial Visualization Test, the TUG-K and the FEs$tsrednd the TUG-
K and FCI posttests. The qualitative data came from examining student whitetisaugsions
during class (specifically during the review worksheets), collected weekshtest questions as
well as student interviews after the completion of the treatment and thégat@ss field notes.
The data analysis consisted of statistical analysis of scores andysisanfethe qualitative
artifacts gathered to look for patterns and correlations with whiteboaesegpations and
interview remarks.

We examined our quantitative data in the following ways:

1. We compared the results of the students who received the treatment on the TUB-K to t
results of the students in the control group on the TUG-K. This allowed us to determine if our
treatment helped the students understand kinematics conceptually.

2. We compared the FCI scores on questions 8, 10, 12, 14, 17, 19, 20, 21, 22, 23, 24 (hereinafter
“selected FCI questions”) of the investigators’ students to the FCI scattes aff the control

group on the same questions to determine if our treatment improved students’ahbiligtze

physics problems that were particularly spatial in nature.

3. We analyzed the data from the control group to the group that received ourritestthe

last free-response question in units 2 and 3 to determine the number of students in each group
who accurately solved the problem, and to determine the proportion of students in each group
who utilized graphing in formulating their solution. We also analyzed this datéatjualy as
described below.

4. We determined what, if any, correlation there was between students who sdboetitie
Purdue Spatial Inventory and students who responded to our treatment.

We examined our qualitative data in the following ways:

1. We compared the data from the control group to the group that received ourrttexittne
last free-response question in units 2 and 3 to determine if there was a qualitiztieaah in
the overall level of problem solving ability between the two groups and to detestateffect
the utilization of a graph helped the students to solve the problems accurately.
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2. We interviewed a number of students who received our treatment utilizing a think-aloud
protocol to investigate if they chose graphing first to solve problems and toohetdrow the
treatment affected the student’s abilities to think conceptually about kinernaticepts.

Timeline

1. Treatment

The treatment was performed from units 2 through unit 6 which took place from about
the third week of the school year until near the end of the first semesteprifiaey emphasis
was on utilizing a graphing first approach to solving problems. Also, students wereasked t
supply graphical reasoning throughout the equilibrium, forces and projectile motisnvhere
they have not otherwise been asked to do so before. This was done by incorporating ladditiona
worksheets, additional graphs on worksheets, and adding graphs to whiteboard explanations
supplement the typical modeling curriculum.

2. Assessment
As described above, the Purdue Spatial Visualization Test, the TUG-K andlthefeC
given to our students during the first week of the school year as pre-assessrhent&) G-K
was given to the students by each investigator at the end of unit 3 on constanttamtelEha
FCI was given again shortly after the completion of circular motion (unit Bhndid not
receive our treatment. Student interviews were conducted after the completieriast unit of
the treatment. As noted in the procedure, the last unit may not have been unit 6 depending on the
order the investigator chose to present the units. In addition, the last freas@sjuestion on
the unit 2 and 3 tests were saved from each student receiving the treatmdhaasach
member of the control group.

During the student interviews, each student was individually presented wiblarpr
that they were asked to solve while describing their thinking process verbdllyuestions
asked by the investigators: 1) were focused on the physics problem at hand, 2) fetbd el
student’s thinking process, 3) determined what additional information a student nadhibne
complete the problem.
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Results

The statistical tests that we performed prior to reporting our resedtdyctlemonstrated
that the students who self-selected themselves, primarily by their owragoalof their
readiness for physics and willingness to work hard, into the honors classes respocided m
better overall to our treatment than the students in general physics who hadeheazhers
responded to our treatment. We therefore determined that it would be more appropriate to
separate the honors physics students from the general physics students wheimgdnepar
“treatment” group to the control group. Those investigators who taught honors @Enaiyzed
that portion of their data separately and reported in their own sections of thisgrapthe
details are included therein. Our decision was based primarily on our interest in not
misevaluating our treatment because of skewed data from honors students.

TUG-K

We were interested in the effect of the treatment on students’ kinematicstanderg
as measured by the TUG-K. Based on a non-directional paired samples tlgisaat 0.05, we
reject the null hypothesis that population mean of the pretest takers is equal to taégopul
mean of the posttest takers, t(168) = 23.6, p < 0.001. We conclude that there was a significant
difference in kinematics understanding as measured on the TUG-K for inds/lzkfate the
treatment (Mean = 4.25, SD = 2.425) and after the treatment (Mean = 11.36, SD = 4.201). We
are 95 % confident that the interval 7.702 and 6.511 contains the true population mean
difference. The correlation was 0.4QLi ppendix 4)

TUG-K pretest TUGK post test

401

Frequency
S
Frequency
&
)
I/

Mean =4.25 Mean =11.36
Std. Dev. =2.42 Std. Dev. =4.201
N =169 N =169

0

0 2 4 6 8 10 12 14 0 5 10 15 2
Number Correct Number correct

Figure 1. Comparison of histograms for treatmenGFK pretests and posttests.

The t-test confirms what appears to be evident by looking at the histogranaly Jiite
scores are skewed towards the low performance side of the graph. No student atrtfemtre
group scored above a 14 on the posttest. The posttest histogram is nearly Gaussign and ve
slightly skewed towards the high performance side of the graph. Ten students scored 18 or
above on the pretest. These two groups of tests appear to have come from differetibpepula
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of students, and the statistical test supports that. We conclude that the studenteived oair
treatment showed significant gains in their understanding of kinematics cancept

The intention of the investigators was to compare the gains of the treatment gaoup to
control group. To further this goal, we were interested in determining whetheratmeens
samples and the control samples from the TUG-K pretest were from the samei@op@ased
on a non-directional independent samples t-test at alpha = 0.05, we reject the null is/pahes
population mean of the treatment group is equal to the population mean of the control group,
t(43.612) = 6.47, p < 0.001. We conclude that there was a significant difference between the
treatment sample (Mean = 4.25, SD = 2.420) and the control sample (Mean = 9.40, SD = 4.893)
on the TUG-K pretest. We are 95 % confident that the interval 3.547 to 6.755 contains the true
population mean difference:in appendix )

TUGK pretest
TUG-K pretest P

40

Frequency
b

Frequency
i

/TN

Mean =4.25 Mean =9.4
Std. Dev. =2.42 Std. Dev. =4.893
N =169 N =40

0= T T T T T T T L T T T
0 2 4 6 8 10 12 14 0 2 4 6 8 0 12 14 16 18 2

Number Correct Number Correct

Figure 2. Treatment TUG-K pretest histogram onléffie Control TUG-K pretest histogram on the right

Inspection of these two histograms shows that the first is skewed towards lo
performance while the second is fairly evenly distributed. The means of the twotjoosudee
separated by about 6 on a test with only 20 questions. It is apparent that these two gestips of t
scores come from different populations of students. The inspection of the graphssctritm
test that these two groups of students are not from the same population.

It is worth noting that this result was surprising to the investigatorsibedhe control
group came from a school that is very similar in many aspects fromdbp gf investigator 1.
Investigator 1 had the most students represented in the treatment group. Theasehndlse
same district, only a few miles apart, and have a similar demographic anecemamic make-
up. We spoke with the control group teacher at length after finding these results@and ha
determined a possible reason for the difference between the samples.

The school for the control group has 8 physics classes from 2400 overall students in
grades 9 — 12, and 5 of the 8 classes are general physics. Only the very confident and wel
accomplished students tend to take physics at all, and often they choose to takephggits
even if they are capable of being in an honors class. Investigator 1's schadlgtasics
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classes for about 3000 overall students in grades 9-12, and 8 of the 14 classes. This school has a
science registration day in the spring that is designed to convince the studentdte tagbest

level of science class that they are prepared to take. That results iof ti@shigher level

students going to honors physics and AP physics with mostly the lower leveil|l lmaipsble,

students to populate the general physics classes. We believe that thiaabffarechool culture
explains why the treatment and control groups were found to come from different popuations

the TUG-K pretest.

Because our treatment and control groups had not come from the same population, we
looked for methods other than t-tests that we could use to compare these groups. \Weflearne
the Hake test for comparing the gains made between differing samples.

The Hake test was developed by Richard R. Hake from the University of Indianae a
used it in at least one case to compare course effectiveness in promoting cbnceptua
understanding of mechanics and forces as measured by pretest and postiesh daea
Mechanics Baseline Test and the FCI (Hake, 1998).

The Hake test allows for a comparison of gains between samples that haver¢daksts
and posttests on the same instrument. The formula for computing the Hake gain for an
individual student is:

posttest score — pretest score
total possible — pretest score

Essentially, this is a ratio of an individual student’s gain from pretest to gtasttdeir total
possible gain. When evaluating the results, a Hake score of 1 indicates aimastirdent gain,
and a Hake score of 0 indicates no gain for the student. Negative Hake scpssinie if a
student receives a lower score on the posttest than on the pretest. The Hakieisabref the
individuals in a sample can be averaged for the entire sample to determineage aaenple
Hake score, and this is the test that we performed on our samples. A scorgecf #y*> SD
describes “an average Hake gain for a sample size of N, an identifier of Pf¢reretment or

C for control), a mean of M and a standard deviation of SD.” “High” gains are defined>gs (

> 0.7; “medium” gains are defined as 0.7 > (<g).3; “low” gain scores are defined as (<g>) <
0.3 (Hake, 1998).

We were interested in comparing the Hake gains of the treatment grivgpHake gains
of the control group on the TUG-K. Based on an average Hake gains test, wercktehai
there was a substantially larger gain for the treatment groupg>0.46 +0.25, than for the
control group <gzc = 0.24 +0.51. @i appendix a)
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0.5
Hake Gains Treatment and Control

Control Treatment

0.45

0.4

0.35

0.3

m FCI

0.25

mTUG-K
0.2

015 FCl Selected
0.1

0.05

Figure 3. Histogram showing the average Hake gaigs, for the treatment and control groups onRé, TUG-K
and FCI Selected questions.

One method of determining the significance of an average Hake gain is to lbek at t
number of standard deviations between average Hake gain of the treatment group and the
average Hake gain of the control group. This is a calculation that has been done by Hake
himself (Hake, 1998). This calculation can be performed as follows:

Treatment <g> - Control <g>
Standard Deviation of Treatment <g>

Essentially, this calculation tells you the number of treatment standardioles#at the
treatment group scored above the control group.

The average Hake gain for the treatment group was 0.88 standard deviations above the
average Hake gain of the control group. In addition, our Hake gain scores were in the medium
gain range while the control group Hake gain fell in the low range. Therefereelieve that
our treatment resulted in greater gains in our students’ kinematics undergtdnaai the control
group. A determination of this result was the primary goal and hope of thecressamn.

There were two difficulties at this point regarding the analysis of the Haikx data.
First, we could not find any definitive reference regarding the number of standatiahes for
the treatment group scores above the control group scores that indicafesasiggi Secondly,
we realized that the standard deviation of the control group was not a part of theioalcula
above, and we were concerned about the size of the standard deviation of the control group’s
score (0.51). This appeared to be very large compared to the range of probalgairiakeres
of 0to 1. So, we conducted a t-test to determine whether or not the average Hake gains could
have come from the same population.
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Based on a non-directional independent samples t-test at alpha = 0.05, we reject the null
hypothesis that population mean of the treatment group Hake gain is equal to thegopulati
mean of the control group Hake gain, t(43.42) = -2.524, p = 0.015. We conclude that there was a
significant difference between the treatment sample average Hak@/gan =0 .458, SD =
0.250) and the control sample average Hake gain (Mean = 0.24468, SD = 0.517) on the TUG-K
pretest. We are 95 % confident that the interval -0.3815 to -0.0426 contains the true population
mean difference  in appendix 4)

This t-test tells us that the average Hake gains do not come from the sameagupulat
Each of our three indicators (the treatment gain being 0.88 standard deviations abovedhe contr
gain, the treatment “high” gain compared to the control “low” gain, and the timstrsy the
scores are from different populations) support our interpretation that the diféreHake gain
scores between the treatment and control group is significant.

Qualitative Data

We decided to look at some of the qualitative data to see if it also supported the
conclusion that our treatment improved students’ understanding of kinematics moretthan jus
modeling alone. Our qualitative data primarily consisted of two strip questmnarfsed
because they were given on vertical half-sheets of paper). One questisorv#ésef end of unit
2 on constant velocitys i appendix &y This question asked students to find the total displacement of
an object that traveled at 3 different constant velocities for 3 differeatperiods. The
investigators consider this problem to be a straightforward and reasonabletidagmablem
for high school students to solve. The second strip question was given at the end of unit 3, and it
asked students to find the total displacement of an object that traveled at a caistatytfor a
short period then accelerated for a short time until it stopped. A second portion of tlenquest
asked the students to determine the acceleration of the object only for the timeésa
changing velocity.e napenaix 4  The investigators consider this problem to be a fairly challenging
kinematics problem for a general physics student in high school. Both questiorgweart®
the treatment group and the control group. Both of these questions were writteregbehat
graphical method or an algebraic method could be used to solve them.

Each of the strip questions was categorized based on the method that the stud¢ots use
solve the problem (solely graphical, solely algebraic, or a combination of graghétalgebraic
method). We had originally intended to further categorize each question as besog @orr
incorrect. However, the students had a great deal of difficulty intergriétndirection of travel
for one part of the trip of the first strip question, and each investigator treateni#ties with
their students differently. Therefore, only the second strip question was edadsdieing
“essentially correct” (entirely correct or with one minor errorjiecorrect.”

The graphs below show the differing methods of solutions chosen for the treatment and
control groups on the first strip question. We had originally expected that the tregtment
would choose graphing at a much higher rate than the control group. That expectatioh was
met for the first strip question.
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Figure 4. Histograms of the method of solutiondtip question 1. Treatment questions are otetiteand control
guestions are on the right.

In the first strip question, 32.9 percent of the students in the treatment group solved the
problem solely by graphing, and 28.1 percent of the control group did the same. However,
when the students who solved the problem with a combination of methods are included, 41.8
percent of the treatment group and 71.9 percent of the control group used graphinegfstraat |
component of their solution.

We then analyzed the strip questions from unit 3 in the same manner, and we were struck
by the distinct differences. The graphs below show the differing methods obsslakiosen for
the treatment and control groups on the second strip question. It is easy to see fy@plthe
that for the second question, the students in the treatment group chose graphinghahig/inen
rate to solve this problem than the control group. This does in fact match with what the
investigators had predicted for a result. We find that 45.9 percent of the studentsaattherit
group solved the problem solely by graphing, while only 9.8 percent of the control grobp did t
same. Furthermore, when the students who solved the problem with a combination of methods
are included, 59 .6 percent of the treatment group and only 9.8 percent of the control group used
graphing for at least a component of their solution. None of the control group students used a
combination of methods to solve this problem.
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Figure 5. Histograms of the method of solutiondip question 2. Treatment questions are onettheand
control questions are on the right. There wereaoralination solutions for the control group

Because the second strip question was given to the students at the end of the Einematic
unit, we believe that it is a better indicator of the results of the treatnaamtité first strip
guestion that was given an entire unit earlier. We conclude that by the end cdtimettethe
students who received the treatment chose graphing more frequently to solve ptbbalem
students who did not receive the treatment.

The investigators have concluded, however, that the students’ use of graphing to help
solve the problem is not meaningful if they ultimately do not solve the problem acguratel
other words, we wanted the students to get the problems right regardless of how theyue
graphs below show the proportion of correct and incorrect solutions relative to the method of
solution chosen by each student.
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Inspection of these graphs shows that the students who received the treatment and
graphed at least a portion of their solution were accurate 50.6 percent of the thrmesecand
strip question. Those who solved algebraically were accurate only 27.1 percent of thEhiteme
students who solved the problems algebraically in the control group were accurate 45.9 percent
of the time. Those who solved graphically in the control group were accurate 75 percent of the
time, but there were only four of these students overall, so we discount these results.

We conclude from the qualitative data that we were successful in gettingidentstto
utilize graphing to solve a complicated kinematics problem, and this did not detr&ase t
overall level of kinematics problem solving. In fact, those of our students who chyrsgio
were more successful in solving the problem than those who only solved algébraical

FCI

We were interested in the effect of the treatment on students’ understandirgg of for
concepts as measured by the FCI. Based on a non-directional paired saagtlasatpha =
.05, we reject the null hypothesis that population mean of the pretest takers is equal to the
population mean of the posttest takers, t(153) =-17.119, p < 0.001. We conclude that there was
a significant difference in students’ understanding of force concepts as atkasuhe FCI for
individual students before the treatment (Mean = 6.47, SD = 2.542) and after the treatment
(Mean = 12.82, SD = 4.915). We are 95 % confident that the interval -7.086 and -5.620 contains
the true population mean difference. The correlation was 038@sendix »)
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From these results, we conclude that the students who received our treatmedt showe
significant gains in their understanding of force concepts.

Our determination that the treatment and control groups came from a differeratjpopul
on the TUG-K required us to look at the same possibility for the FCI. We weresigin
determining whether the treatment samples and the control samples ér&@Ithretest were
from the same population. Based on a non-directional independent samples t-test=at alpha
0.05, we reject the null hypothesis that population mean of the treatment group is dugial to t
population mean of the control group, t(44.051) = 2.785, p = 0.008. We conclude that there was
a significant difference between the treatment sample (Mean = 6.47, SD = 21840¢ aontrol
sample (Mean = 8.19, SD = 3.504) on the FCI pretest. We are 95 % confident that the interval
0.476 to 2.971 contains the true population mean differencgpend 4
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As with the TUG-K results, we conclude that the treatment group and control group who
took the FCI pretest did not come from the same population, and a traditional atatistic
comparison between these samples’ scores on the FCI using furtherg-tesppropriate.

We also examined the two groups’ performance on the FCI using the Hake teseréVe
interested in comparing the Hake gains of the treatment group to the Hake ghesaittol
group on the FCI to determine if the treatment produced statistically agey. Based on an
average Hake gains test, we determined that there was not a subgtanget!gain for the
treatment group <gzsr= 0.27_+0.20, than for the control group <@e = 0.32_+0.18.(9in appendix a)
Because the treatment group’s average Hake gain was 0.28 standard deviktvetisebeake gain
of the control group on the FCI, we conclude that our treatment did not improve students’
understanding of force concepts more than a standard modeling approach.

Selected FCI questions

In addition to examining the overall FCI scores, we selected eleven quésiiortbe
FCI that we believed a change in spatial reasoning ability would have the feostupbn. We
were interested in the effect of the treatment on students’ understandingafigdytspatial
force concepts as measured by the Selected FCI questions. Based on actionadipaired
samples t-test at alpha = 0.05, we reject the null hypothesis that population nieapretest
takers is equal to the population mean of the posttest takers, t(153) =-12.178, p < 0.001. We
conclude that there was a significant difference in students’ understangiagiofilarly spatial
force concepts as measured on the Selected FCI questions for individual stuadeatthbef
treatment (Mean = 2.68, SD = 1.669) and after the treatment (Mean = 4.92, SD = 2.362). We are
95 % confident that the interval -2.598 and -1.873 contains the true population mean difference.
The correlation was 0.40 7w in appendix A
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Figure 9. Comparison of histograms for treatn®&eiected FCI pretests and posttests.
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By looking at the graphs, we see that the pretest scores were skewed towasdores,
and the posttest scores were pretty normally distributed. This, in combinatiohevittest
allow us to conclude that the students who received our treatment showed significsum gai
their ability to analyze spatial force concepts.

Next, we examined the treatment and control groups with regards to their @eréeron
the pretest selected FCI questions. We were interested in determinimgmthettreatment
samples and the control samples from the selected FCI pretest were frieamthpopulation.
Based on a non-directional independent samples t-test at alpha = 0.05, we reject the null
hypothesis that population mean of the treatment group is equal to the population rhean of t
control group for the pretest selected FCI questions, t(187) = 3.298, p = 0.001. We conclude that
there was a significant difference between the treatment sample évi2&8, SD = 1.669) and
the control sample (Mean = 3.72, SD = 1.861) on the pretest selected FCI questions. We are 95

% confident that the interval 0.419 to 1.666 contains the true population mean difference.
Appendix A)
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Figure 10. Treatment pretest Selected FCI questitstogram on the left. Control pretest sele&€tlhistogram
on the right.

From these results, we conclude that the treatment and control groups who took the
pretest selected FCI questions did not come from the same population, and a tratigtistiahl
comparison between these samples’ scores on this test is inappropriate.

Finally, we examined the two groups’ performance on the selected FCI questins us
the Hake test. We were interested in comparing the Hake gains of the tregtiongrio the
Hake gains of the control group on the selected FCI questions to determinedathestit
produced statistically larger gains. Based on an average Hake ggingtdstermined that
there was not a substantially larger gain for the treatment grougssg0.26_+0.31, than for
the control group <gsc = 0.25_40.30. @ inapeniix 4y Because the treatment group’s average Hake
gain was less than 0.1 standard deviations above the Hake gain of the control group on the
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selected FCI questions, we conclude that our treatment did not improve studentsanddegst
of spatial force concepts more than a standard modeling approach.

Correlations with the Purdue Spatial Inventory

The treatment utilized in this study was focused on providing a method for students to
think spatially about physics problems as a context for kinematics problem sohsregresult,
we were concerned that it would only be those students who entered the class withedevel
spatial thinking skills that would benefit from our treatment. This thought contieshei
caveat, however, that some minimum level of spatial thinking ability is probadvbrequisite to
success in a physics class regardless of the method of instruction.

With these ideas in mind, the Purdue Spatial inventory was given the first wéek of t
school year as a method of determining the baseline level of spatigl abdiir studentSappendixs)
Correlations were then run between the Purdue results and the pretest andrpssttedor the
TUG-K, the FCI and the Selected FCI questions.

Correlations

Purdue
Spatial
pretest TUG-K pretest
Purdue Spatial pretest Pearson Correlation 1 .345**
Sig. (2-tailed) .000
N 191 191
TUG-K pretest Pearson Correlation .345%* 1
Sig. (2-tailed) .000
N 191 304
**. . Correlation is significant at the 0.01 level (2-tailed).
Correlations
Purdue
Spatial TUG-K
pretest post test
Purdue Spatial pretest Pearson Correlation 1 .398**
Sig. (2-tailed) .000
N 191 187
TUG-K post test Pearson Correlation .398** 1
Sig. (2-tailed) .000
N 187 302

*k

Correlation is significant at the 0.01 level (2-tailed).

Figure 11. Correlation results for the Purdudiapamventory compared to the TUG-K pre- and pests.

The correlation between the Purdue and the TUG-K pretest was low, 0.345. The
correlation between the Purdue and the TUG-K posttest was slightly higher, 0.398), inubs
low range for correlations overall.

Our conclusion is that the level of our students’ spatial thinking skills as meagutesl b
Purdue Spatial Inventory played very little (if any) role in our students’ resgoraur
treatment.
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Conclusion

The research in the field of physics education strongly supports the ideudesits who
are taught physics with an interactive method learn substantially moreptyan those who
are taught in a traditional lecture format. The research further inglitetewhen the interactive
methods allow students to think spatially prior to assigning algebraablesito a concept, they
understand them better. Our research has been an attempt to push that ideat®bis limi
requiring the students to utilize graphical methods for solving kinematics poblsfiore even
presenting the possibility of an algebraic method of solution.

Our favorable results occurred in the most likely place in our study, the TUGHK. W
this instrument, we were able to see how our treatment affected our studentstantieg of
kinematics concepts compared to the control group that was taught utilizing Bngrode
approach. Our students’ average Hake gains on the TUG-K were sighyfloattér than those
of the control group, and this was supported with a t-test and to some extent the stiopgjuest
We are certain that by the end of our treatment many of our students weretablafasing
graphing to solve complicated kinematics concepts, and most of them chose to graph firs

A lot of time and hard work went into looking at the FCI and selected FCI questions for
some sign that our treatment had an effect; however, in retrospect, it was probiiely that
our treatment that focused so strongly on kinematics concepts was going to lzisticatt
measurable effect on student’s FCI responses generally.

There are parts of our research that we would change if we were to doj&uot pver
again. First of all, we would be careful to select a larger control group disatnere likely to
come from the same population as the treatment group. We also considered that thimpgoje
have been better suited to a two year approach with one year being tabhghbdeling and the
second being taught by our treatment. This would have assured that each teatthbawe a
control from their typical students at their school with only the annual variatioasple at the
same school.

When we look at the population of high school physics students overall, and the general
physics students in particular, we see that there are very few who willusarel pursue a
degree or a career in physics or engineering. While we would love for those ntmnbers
increase, the reality is that what most of our students will gain from a fyphysics in high
school is better problem solving and data analyzing skills. Our students wilceahtany
kinematics problems, but they will likely face many graphs no matter whergaheOur
students are more comfortable making and interpreting graphs after ooetnettian they
would have been without our treatment, and most of them can use these graphs to solve
problems. This is good.

In our minds, we have succeeded with this research project because we derdanstrate
positive result in our students that will help them succeed in life regardless tbewtiesy
continue studying physics.
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Investigator 1 Field Trial Report

Introduction

Investigator 1 is Jim Archambault from Mesa, Arizona. This year wasygdr of
teaching physics. | teach at Highland High School in Gilbert, Arizona. Taimisldle class
school that has consistently had 90 percent of its students pass the math, readingngnd writ
standardized tests given by the State of Arizona each year. |taughibAsetgeneral physics
this year, and almost every one of those students and their parents agreed to inclogion in t
study.

Procedure

There were only a few minor differences between the implementation oé#teént for
investigator 1's group compared to the treatment group overall. These diffenerstbs
revolved around the amount of time available to do the treatment in my district. Betaus
district has a rigid district final exam at the end of the first semétteas imperative that |
work through kinematics and forces at a fairly brisk pace.

Results
Tug-K

Upon reviewing all of the data from the treatment group overall, | decidedkat how
my students fared independent of the rest of the treatment group. The most obvious places
look for gains were the places where the treatment group had success, on the TUG-K.

| was interested in looking for the effect of the treatment on my students’ kinema
understanding as measured by the TUG-K. Based on a non-directional paired saegtlat
alpha = 0.05, I reject the null hypothesis that population mean of the pretest takgral i the
population mean of the posttest takers, t(84) = 26.421, p < 0.001. | conclude that there was a
significant difference in kinematics understanding as measured on the TfoiGrividuals
before the treatment (Mean = 4.26, SD = 2.606) and after the treatment (Mean = 13.16, SD =
3.124). 1 am 95 % confident that the interval 9.576 to 8.236 contains the true population mean
difference. The correlation was 0.423 i appendix a)
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Figure 1. Comparison of histograms for ArchambaultUG-K pretests and posttests.

The histograms above clearly show that the pretest sample was skewed towards
scores, and the posttest sample was skewed towards higher scores, and thersmeanmessed
from 4.26 to 13.16. Because the posttest sample is shown to be from a different population than
the pretest sample (in a positive way) | conclude that the students who dabeiveeatment
showed significant gains in their understanding of kinematics concepts. rinothel conclude
that my sample performed similarly to the treatment group overall.

Despite our previous finding that the treatment group and the control group were not
from the same population, | did not know if that was in fact the case for my sa8wlevas
interested in determining whether my sample and the control sample from th& PpusBest
were from the same population. Based on a non-directional independent sangtlasatpha =
0.05, I reject the null hypothesis that population mean of the treatment group isodteal
population mean of the control group, t(49.694) = 6.242, p < 0.001. | conclude that there was a
significant difference between the treatment sample (Mean = 4.26, SD = 2n@Q6gaontrol
sample (Mean = 9.40, SD = 4.893) on the TUG-K pretest. | am 95 % confident that the interval
3.487 to 6.796 contains the true population mean differaneespendix 4
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Figure 2. Archambault’s TUG-K pretest histogramtioa left. Control TUG-K pretest histogram on tight.

Because the t-test reveals that Archambault’'s group and the control groeifraam
different populations, | conclude that, a traditional statistical comparisoréetivese samples’
scores on the TUG-K using further t-tests on this test is inappropriate.

After we had success utilizing the Hake gains for comparing the treagnoept to the
control group, it seemed appropriate to make the same comparison with the data from

Archambault and the control group.

| was interested in comparing the Hake gains of the treatment group tokih@ddias of
Archambault’s group on the TUG-K. Based on an average Hake gains testiliedethat
there was a substantially larger gain for Archambault’'s grougssg>0.57_+0.18, than for the
control group <gzc = 0.24 +0.51. @4 appendix A)
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Figure 3. Histogram showing the average Hake gaigrs, for Archambault’s group.
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| believe that because the average Hake gain for Archambault’s greupave than 1.5
standard deviations above the average Hake gain of the control group, | beli¢ke thedtment
resulted in significantly greater gains in my students’ kinematics uadeéiag than the control
group. Furthermore, Archambault’'s average Hake gain of 0.57 falls into the mediuranggan r
for Hake scores while the control group’s Hake gain of 0.24 falls into the low gainfaange
Hake scores. These results are consistent with the results of the titegttoog overall and
support our belief that our treatment significantly improved our students’ undengjaridi
kinematics concepts.

Qualitative Data

Upon reviewing the qualitative data for Archambault’s group, it did not differ
substantially from the data from the treatment group overall. However, drrik moting one
particular point that is consistent within the data from the treatment groupgrate below
shows the accuracy of the responses from Archambault’s students broken out tmgthed of
solution.
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Figure 5. Histogram of Archambault’s student resas to strip question 2 broken out by method hitiem.
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This clearly demonstrates that the students in Archambault’s group were muich mor
likely to be accurate with their solution if they solved by graphing exclus{éélypercent) than
if they solved solely algebraically (19 percent) or in combination (33 percent). Wiether
investigator’s groups are looked at individually, it is found that of the students that soleé/
by graphing, about half of the students correctly solved the problem.
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Figure 6. Histograms of investigator 3 and 4'slstut responses to strip question 2 broken out hifiedeof
solution. Investigator 3’s students are on thedefl investigator 4’s students are on the right.

Even 3 of the 4 students in the control group who solved exclusively by graphing
accurately solved the problem. It would certainly be appropriate to deternonglfurther
investigation if graphing is a better method for solving kinematics problenmgioischool
students. The biggest problem appears to be convincing the students to use graphing to solve
problem in the first place, but our treatment has been very successful in accomghiahing

It is interesting to note, even if it is of very limited statistical igance, that we did a t-
test comparing the posttest TUG-K scores from the Archambault group and tioé gantp
before we determined that the pretest groups were from different populatiordid Wis test
because we were interested in determining whether the treatment santptes control
samples from the TUG-K posttest were from the same population. Based on a niiondirec
independent samples t-test at alpha = 0.05, we falil to reject the null hypotheg@ptiiation
mean of the treatment group is equal to the population mean of the control group, t(123) = 0.292,
p =0.771. We conclude that there was not a significant difference between Arahangoaup
sample (Mean = 13.16, SD = 3.124) and the control sample (Mean = 13.35, SD = 3.676) on the
TUG-K posttest. We are 95 % confident that the interval -1.071 to 1.441 contains the true
population mean differences i appendix a)

The interesting note is that the pretest TUG-K scores showed the studaetsantrol
group to be so much higher that they must have come from a different population than the
Archambault group. But after the treatment, the two samples were frorntbgsgaulation.
This information generally supports our results that we significantlyawgal our students’
understanding of kinematics concepts.
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Conclusion

| was very pleased that | was able to determine a strong positivefedfadhe treatment
on my sample of students. As the semester progressed, it seemed that my lsagdents
different understanding of kinematics than my students from previous yearsydmitihable to
tell without analyzing the data whether that difference was positive.

Even without the positive effect on students’ understanding of kinematics, | thirik tha
would probably continue to teach kinematics with a graphing first approach. There are
advantages to be found throughout the year as we look at various graphical relationshgps am
variables when the students are practiced in looking at these relationships.

It is also a fact that most of the high school physics students that we t#audt desire
to complete science degrees, and the primary benefit that students getiiirgrhigh school
physics is in problem solving skills and analyzing information generally. Wevibgutemiss in
not commenting on the practical benefits to students for their lives of being appropriately
analyze a graph to determine what information is or is not present. | believeitistudents
benefitted significantly from this treatment in that regard.
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Investigator 2 Field Trial Report

Introduction

Investigator 2 is Theresa Burch-Lococo from Phoenix, Arizona. This yeamya"
year of teaching physics. | taught at Cactus Shadows High School in &sale Arizona.
There were 2 sections of first-year IB Physics (hereto forward-eeféo as “Honors Physics”)
and 2 sections of Conceptual Physics (hereto forward referred to as “Geéimgsais”) in my
schedule this year. The combined total of students in all 4 sections was 90, with an
approximately equal number of students in general physics as in honors physics (46 and 44
students respectively.)

At Cactus Shadows all students are required to take a physics courseoidtgr. bEome
take chemistry first, then physics as juniors or seniors. Some take phyatjadbéin chemistry.
There were very few sophomore students in my classes; mostly juniors and.s&higris
partly because a passing grade in Algebra 1/2 is a pre-requisite togphysi

Procedure

As for the implementation of the treatment | followed very much the sameduas as
my fellow investigators. Cactus Shadows offers six 50-minute classesdayerso all my
physics classes met every day for 50 minutes. Because the classesmwgrised of mostly
juniors and seniors there were a variety of math levels present in thesclagsehonors
students were all in advanced math classes concurrently with physics. ajdngynef honors
physics students were taking Precalculus. The students in the generes pbysse had all
taken and passed Algebra 1/2 but many had passed with a “D” which really does noteeguate
good working knowledge of algebra. Over half of my students still struggled wiihgal
simple algebra equation, while the other half could do it easily. These vaniamsath ability
caused the class to move more slowly as it was necessary to intggdeadltorials at various
strategic points in the curriculum.

The pretests for the FCI and the TUG-K were given the first week cleslas August
2007 before any physics instruction was given. The posttests were given thedasf the
first semester, in December 2007. Unfortunately, that last week of theteemasy of my
students were excused from class for various activities and missed thet pdstessall were
required to take the test as make up work because it was figured in theemfiesiter grade.
However, many students realized that at that late date, the test giacerhittle impact on
their final grades. | feel that they did not take the posttests serioushat reason. The
evidence for my opinion about the posttest scores is that many of them fell beloetdse pr
scores, which was not consistent with the other work exhibited by these studbetslass. |
feel that my FCIl and TUG-K post scores are compromised by this portion of thatmmubut |
was unable to find a criterion to exclude these scores in a way that would not corapghamis
integrity of the study.
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Results
Tug-K

Initially 1 was interested in looking at my students’ TUG-K scores tafgbey had a
significant gain in kinematics understanding over the course of the treatnes#d & a non-
directional paired samples t-test at alpha = 0.05, | reject the null hypotregdiise population
mean of the pretest takers is equal to the population mean of the posttest takers 189535
p<0.001. I conclude that there was a significant difference in kinematicsstariing as
measured by the TUG-K for students before the treatment (Mean = 5.01, SD = 3.1283rand aft
the treatment (Mean = 9.60, SD = 4.487). | am 95% confident that the interval -5.292 to -3.885
contains the true population mean difference. The correlation was Q6Géendix )

TUG-K Pretest Scores TUG-K Post Test Scores

257 Mean =5.01

lgan =5. 251
Std. Dev, =3128 Mean
N =a0

207

Frequency
Frequency

111 =

T T T T T T
0 5 10 15 20 0 5 10 13 20

Number Correct Number Correct

Figure 1. Comparison of Histograms for Burch-LocecUG-K pretests and posttests.

The histograms in Figure 1 show that the pretest sample had a high frequency of low
scores, and the posttest sample contained considerably more high scores. Beqansteest
sample (Mean = 9.6) is shown to be from a population with a higher mean score (Mean =5.01), |
conclude that the students showed significant gains in their understanding oftkiaemiacepts
after receiving the treatment. It seems that my students performéatigina the treatment
group overall, but | fear the aforementioned lack of concern for the posttest tauségct to
be less dramatic than the overall treatment group.

Next | wanted to know how my students compared to the control group so | set about to
determining whether my sample and the control sample from the TUG-K pretestram the
same population. Based on a non-directional independent samples t-test at alpha 2j6d5, I r
the null hypothesis that the population mean of the treatment group is equal to the gopulati
mean of the control group, t(84) = 7.144, p<0.001. | conclude that there was a significant
difference between the treatment sample (Mean = 3.85, SD = 1.837) and the caoiyilel sa
(Mean = 9.40, SD = 4.893) on the TUG-K pretest. | am 95% confident that the interval 4.007 to
7.098 contains the true population mean differeneeappendix )
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TUG-K Pretest Scores TUG-K pretest
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Figure 2. TUG-K pretest histogram on the left. €ohTUG-K pretest histogram on the right.

Statistical testing shows that my group and the control group come frometiffe
populations.azinapendixa | cOnclude that it is inappropriate to compare TUG-K test scores
between these two groups any further. My students have similar perfortnaheeest of the
treatment group, but with lower posttest scores due to the aforementioned pratblene w
posttesting.

Because | was in possession of both pre and posttest data for my students, | was
interested in the effect of the treatment on Purdue Spatial Inventorys@®ds. Particularly of
interest was the relationship between gender and gains in PSI scoresudresearch states
that “average scores on spatial tests for males are higher than thesedte”fand this “gender
difference is often attributed to cultural factors (e.g. boys are molieed than girls to play
with construction toys, engage in motion-intensive sports, and play computer gana,” (H
R.R., 2002). This article also refers to research studying increases ihamhtia showed that
women engineering students at Michigan Technological University could pergonrallas men
on spatial visualization tests if brought up to speed by a one-quarter (6hr/wekgaison
course (Baartmans and Sorby, 1996).
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All Males Purdue pretest
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Figure 3a. Male PSI pretest Figure 3b. Female RSept

The histograms above (Figures 3a and 3b) depict PSI pretest scores fatenanch
female studentsis i aorenaix 4 Clearly the male scores are higher, with a mean score of 13.70 correct
answers. The female mean pretest score is 10.72 correct answers. Tmdeatehisi
difference is statistically significant, a non-directional independemptes t-test at alpha = 0.05
was conducted. Based on this test the null hypothesis that the population mean of theupale g
was equal to the population mean of the female group was rejected, t(81)=2.305, p=0.024. |
concluded that there was significant difference between the male sangale €M13.70, SD =
6.824) and the female sample (Mean = 10.72, SD = 4.199) on the PSI pretest. 1 am 95%
confident that the interval 0.408 to 5.552 contains the true population mean difference.
Therefore, | assume that my students are average, with the males halergpligrage score on
spatial tests than the females. The types of cultural factors that magffemted the groups
were not studied other than the fact that all students were subjected to the btegaioant.

Initially, 1 wanted to determine if, indeed, my students as a group had increasé&tthe
scores from the beginning to the end of the treatment. This was accomplished teghant
Hake gain analysis. Then | compared the pre and post test gains (or lossesjldferent
groups. Finally, | analyzed the PSI score gains for male and female grmgifically.

The next test compared the PSI pretest scores of all of my students to thestpostt
scores. This would determine if the students had a statistically signdifl@nénce in scores.
Based on a non-directional dependent sample t-test &5, | reject the null hypothesis that the
population means are equal, t(82)= 4.023, p< 0.001. Itis concluded that there is a significant
difference in Purdue Spatial Inventory Pretest scores (Mean = 12.41, SD =risl#)rdue
Spatial Inventory Posttest scores (Mean = 14.11, SD = 5.52). There is 95% confidetiee tha
interval 2.5 to 0.86 contains the true population mean difference. The correlation was 0.78.
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Figure 4a. All PSI Pretest Figure 4b. All PSI Posttest

This test (Figure 4a and 4b) reveals that the observed difference betweerd positest
scores is most likely a statistically significant one. This means theat the students took the
posttest, they were somehow a different population than they were when they toakdbe ar
population with significantly more spatial ability. It is possible that of&etors in the students’
environment could have caused the rise in scores (such as certain math coursie€g thgy
all received the treatment we assume that it is a likely candidate thvddwome influence.

Pre and posttest scores were averaged. An average pretest score of 1Zdanmsuwezs
was found for all my students together. The average posttest score for ¢hgreamwas 14.11
correct answers. The average Hake gain for pre and post test scoreEwatedao be 0.147.

(19 in Appendix A)

All Students PSI Scores

14.5

14

135

13
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Number Correct

12

11.5
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Figure 5. All Students PSI Pre and Posttest

Figure 5 shows an overall positive gain for all of my students from pre to pestest The
students were further broken out by gender alone, level alone, and gender/levakdyneist
scores averaged and Hake score calculated and averaged. Figure 6 below sheissthe
scores in the foreground for each group. Posttest scores for the corresponairsgage shown
behind the pretest scores. All groups show increases from pre to post test.
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Avg Pre and Post PSI Scores
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Figure 6. Average Pre and Post PSI Scores

Figure 6 above shows that all groups exhibit an increase in PSI test scordseftmeginhning to
the end of the treatment. Hake scores were calculated to analyze thessascr

Group | Group Purdue Pretest | Purdue Posttest | Hake gain
Number Average Score | Average Score | Average
1 All 12.41 14,11 0.147
2 Female 10.77 12.86 0.158
3 Male 13.70 15.02 0.128
4 Honors 15.79 16.95 0.142
5 General 9.24 11.55 0.156
6 Honors Female 13.2 14.13 0.086
7 Honors Male 17.08 18.04 0.138
8 General 8.95 12.04 0.206
Female
9 General Male | 9.52 11.05 0.105




Effects of Graphing FirsB85

18
16
14
12
10

Number Correct

oON M O ©

e

Pre Tests Scores by Group

= = Q Q
@ 3 3 < 23 &3 @3 @3
3 > S ) > 3 33 23 S
o 5} o @ [SI S5 23 o D
= = = B = w @ = )
) 7] o @ D o

Figure 7. PSI Pretest Score by Group
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Figure 8. PSI Posttest Score by Group

Figure 7 identifies the group with the highest pretest score as honors malesw@stepretest
score is general females. As shown in Figure 8, honors males remain mgheesitest scores
but general males are now lowest, although all scores reflect ansecrea
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Male Hake Gains
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Figure 9. PSI Male Hake Gains

The Hake gain measures the ratio of actual improvement to possible improvement. |
Figure 9 honors males show a Hake gain of 0.139 from pre to posttest and geresahoal a
Hake gain of 0.105. This means that even though the honors males came in with more spatial
ability, they actually improved more than the general males. The honor mhilesesl a higher
proportion of their possible improvement than the general males. But, all ma&epats did
show an improvement in spatial performance.

Female Hake Gains
0.25
0.2
.% 0.15 @ All Females
g m Honors Females
v
% 0.1 O General Females
0.05
0
Burch-Lococo

Figure 10. PSI Female Hake Gains

Similarly, all female participants improved in spatial performanod=igure 10 honors
females show a Hake gain of 0.086. This is the lowest Hake gain of any group in theT$tady
next lowest Hake gain was that of general males. General females, howbi®te@ a Hake
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gain of 0.205, which is the highest Hake gain in the study. This means that even though the
general females came in with very low spatial scores, they improgesithan any other group

in the study. This is consistent with the Baartman and Sorby study citext,estdiing that
female spatial scores can be brought up to speed with a visualization coungetrdétment is
taken to be a contributing factor to this improvement, then it follows that the grapbataiént

is comparable to a visualization course.

Why, then, did honors female participants not benefit from the treatment as ntheh as
general females? It could be that it is not the treatment at all cabsisgatial differences but
some other factors like math courses. Honors males and female take apmigximatame
courses, yet exhibit different Hake gains for the PSI. Perhaps there ioarsrtral selection
occurring due to the fact that many female students who do not have high spatyairathiét
first place tend not to register for advanced/honors physics. This leaves those walvdzaiye
raised their spatial abilities before entering the class, theretoradeless room for
improvement. At Investigator 2’s high school, all students are required to takesplsgs
female students entering the general class are more likely to entezlatrésulting from the
cultural factors referred to in the opening paragraphs. They are more dilelperience all
improvement in spatial ability during the course of the treatment. Accordingumpsly cited
research the lower Hake gains for honors and general males are comsthten¢vious findings
as well.

Next, | wanted to compare PSI scores to TUG-K scores. A correlatioruwagtween
PSI pretest scores and TUG-K pretest scores for all of my students.

Correlations

Purdue Spatial
pretest TUG-K pretest

Purdue Spatial pretest ~ Pearson Correlation 1.000 490"
Sig. (2-tailed) .000

N 88 88
TUG-K pretest Pearson Correlation 490" 1.000

Sig. (2-tailed) .000
N 88 88

**_Correlation is significant at the 0.01 level (2-tailed).

Figure 11. PSI/TUG-K Pretest Correlations

The correlation between the PSI pretest and the TUG-K pretest (see Figiare 9)
moderate, 0.490. This is slightly higher than the same test for all treatnaaritst(corr =
0.345). This means that students who do well on the PSI pretest tend to also do well on the
TUG-K pretest, and students who do not do well on the PSI pretest tend to do poorly on the
TUG-K pretest as well.
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Next, a correlation was run between PSI pretest scores and TUG-K posttestisctre
same sample.

Correlations

Purdue Spatial
pretest TUG-K post test
Purdue Spatial pretest Pearson Correlation 1.000 598"
Sig. (2-tailed) .000
N 88 88
TUG-K post test Pearson Correlation 598" 1.000
Sig. (2-tailed) .000
N 88 88

**_Correlation is significant at the 0.01 level (2-tailed).
Figure 12. PSI Pre/TUG-K Posttest Correlations

The correlation between the PSI pretest and the TUG-K posttest (see Figwaes HI3o
moderate, 0.598. This is slightly higher than the same test for all treatmemitstooer =
0.398). This means that students who do well on the PSI pretest tend to also do well on the
TUG-K posttest, and students who do not do well on the PSI pretest tend to do poorly on the
TUG-K posttest as well.

Finally, a correlation was run for this sample comparing PSI posttest sodrét)&-K
posttest scores for all of Investigator 2’s students.

Correlations

Purdue Spatial
post test TUG-K post test
Purdue Spatial posttest ~ Pearson Correlation 1.000 581"
Sig. (2-tailed) .000
N 82 82
TUG-K post test Pearson Correlation 581" 1.000
Sig. (2-tailed) .000
N 82 82

**_Correlation is significant at the 0.01 level (2-tailed).
Figure 13. PSI Post/TUG-K Posttest Correlations

The correlation between the PSI posttest and the TUG-K posttest (see Figwes11)
again moderate at 0.581. There is no PSI posttest data for the overall treatnpdat s@no
comparison can be made. The correlation means that students tend to do as well on the PSI pos
test as they do on the TUG-K posttest. The correlation tests in general shetudkats’
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spatial thinking skills as measured by the PSI did tend to play a role in perferorattee TUG-
K for my smaller student sample.

| wanted to compare the Hake gains on the PSI to the Hake gains on the TUG-K for
students grouped by level and gender.

PSlvs TUG-K Hake Gains

Hake Gain

Hon Fem Hon Male

Gen Fem
Gen Male

Figure 14. PSI vs TUG-K Hake Gains

Figure 14 above compares the average PSI Hake gains to the average TUG-K Hake
gains. While all groups gained on both tests, the greatest Hake gains appear teebBLgB-K
tests. Of interest are the TUG-K Hake gains for the honors students. AlthouwfbltHake
gains were significantly lower for honors females (0.086 females vs. 0.139 thal2JG-K
Hake gains of honors males and females are almost identical (0.350 vs. 0.364). The TUG-K
Hake gain of the honors females is approximately 4 times that of theirdk8lddin, while
honors males have a TUG-K Hake gain that is only about 2 1/2 times that of theke3jaia
This seems to be consistent with the research that female students damp¢atcmale in
spatial ability.

In conclusion, the low PSI Hake gain still translated to a sizable TUG-K gtakdor
the general males group, although not as dramatic as that for the honors group. TKe TUG-
Hake gain of 0.182 is approximately 1.7 times the gain exhibited for the PSI. aGeneales
show the most interesting result of all. Although they had the highest Hake gdigrofigk on
the PSI, the general females group had the lowest Hake gain on the TUG-KUGH¢ Jcore
was only slightly more than half the gain on the PSI. It seems that althougdrehesyrrelated,
spatial skills do not necessarily mean students will do better at solving prajigpiscally. So
apparently there is more to it than spatial ability. There is evidence #i&t $pinkers do better
at problem solving, but | am seeing students who have large gains in spatybabilsmall
gains in problem solving skills. Overall the treatment seems to be a contyifadtor in
helping students to become better problem solvers and increasing spatigliatikhese two
abilities are not necessarily linked to each other.
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Student Problem Solving

Although students who use graphing seem to be better problem solvers, | believes that thi
effect may be even more pronounced than the data actually shows. Given the strip gatédlem
that was discussed in the body of this report, it was shown that in the treatment gisbenqtsst
who used a graphical approach solved problems correctly more often than studesois¢kda
algebraically. Students in my classes were asked to solve problems asilaeedxaloud what
they were doing. These videotaped interviews reveal that even when a stpdpat’shows
only algebraic solutions, often the algebra is based on a mental graphiaad thet the student
is drawing from. A student may write down the algebraic formula, but he knows to use i
because he is relating the solution to, say, the area under the curve d¢f.aSmap connections
made mentally do not show up on a student’s paper and may be mislabeled as algebosis solut
instead of graphical or combination. | suspect that more of the treatment stiuelenetually
graphical problem solvers than originally thought.

A videotaped interview with “Student A” is representative of this phenomenon. Student
A was given a problem to solve. Originally, when he solved the problem in class, l& used
combination approach with a partial algebraic and a partial graphical solutioen &gked to
explain the steps he used to solve the problem, Student A related a procedure yistoelal
have been categorized a graphical, not combination. The following transcription oiutie@nsol
to the “Ella Vader” strip problem will help to illustrate this.

Student A: All right...so in this problem you know that the girl is driving a Porsche on a
highway at 30 m/s ... and so ... you know that she continues on for that speed for 2
S ... so that’s 30 times 2 to find your distance travele(Student writes out a
line of algebra to represent this calculation).. that's 60 ... and then you know
that she decelerates when she sees a deer after 7.5 s and | guesassanusithat
it's a constant deceleration (students begins drawing a graph)..so you have
your speed right here ... 30 m/s ... time is ... here on the graph you have 7.5 s
down here and ... this goes like that ... and all this under here is the distance she
traveled ... total distance ... and so the way you find that is you just find the area of
this triangle so that’'s 30 times 7.5 over 2 which equals 112.5 meters and so to find
the total distance she traveled in the 9.5 seconds you just add 60 plus 112.5 and that
gives you 172.5 meters which is the answer.

| contend that although Student A solved the first part of the problem with algebas, it w
in response to the mental picture of a rectangular area under the curvéoaity ve. time
graph. This seems evident because later when the more complicated shaedfle¢ tame
along, Student A sketched the graph because it was slightly more difficult to hattathein
his head. By drawing the graph he was able to keep himself organized as the probleen becam
more involved. It seems obvious that the student was using a mental picture oftg veloci
time graph to solve the problem from the beginning.

Algebraic representations of simpler parts of problems with grapbiming into play as
the problem progresses were common in our study. This seems to suggest thedlgraphi
solutions have become part of the students’ thought process to the point that they have become
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automatic. It follows that the students with higher spatial ability would lherlzdile to hold
these graphical images in their heads and therefore be less likely to draouthespart of the
solution to a problem. Perhaps there are more graphical problem solvers in the study tha
originally thought. This would cause the apparent overwhelming preference foraadge
solutions to be overstated and the graphical correctly solved problems to be urdlerstate
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Investigator 3 Field Trial Report
Procedure

My name is Michael Crofton and | teach physics in a suburb of Minneapolis, Minnesota.
Last year all of my 38 honors physics students were part of this study. Of gey&l physics
students only 28 were part of the study. My school does not lock the students into the same
teacher all year. Therefore some students had both the treatment teachercamdrol teacher
during the study. These students were all dropped from the statistics when thadata
analyzed.

| did not administer the Purdue spatial test. This was due to the fact that | haddgst a
to a late school start and had already taken two days for the other pretestsye¢haart of the
study. | did not want to lose another class day at the start of the trimestéine Brdy |
administered the FCI pretest on the first day of school and the FCI posttest dutasg theek
of school. The test was counted as part of the final exam. At the time they took tast pogt
students had been done with mechanics for 10 to 12 weeks depending on which physics class
they were in.

It is my belief that the most important part of the treatment was incorposatimg new
worksheets created to require the students to solve for the answers graphimaliiythe
students were able to solve algebraically. Then in whiteboard sessions tidssti4dched a
graph, used the sketch in their solution and explained their solution to their classmate

Results for TUG-K

Honors Physics
The honors physics TUG-K pretest mean was 9.32 and the posttest mean was 17.63 out of 20.

Class Test | Pretestmean  Posttest mean Normalized Gain for paed
posttests

Honors TUG-K 9.32 17.63 0.80

Physics

There was no control group in honors physics with which to run a comparison therefore |
compared the pre and posttests by running the Hake test for normalizing thedyiaral it to
be 0.80.
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Figure 1. Honors TUG-K pretest Figure 2. Honors FKI@osttest
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A directional dependent sample t-test was conducted to evaluate the hypbthtebis t
students in my honors physics class would increase their TUG-K score= @01 | reject the
null hypothesis that the population mean for the posttest is equal to or less than thépopulat
mean of the pretest t(37)=8.316, p<0.001. | conclude that there is a significant diffarémece
scores of the students for the pretest (Mean=9.32, SD=4.05) and the scores on tlie posttes
(Mean=17.63, SD=2.11). The results of the t-test indicate that the treatmetuiieryts
received led to much higher scores on the posttest. There was a moderatectobetaten
the students scores of 0.50 meaning that many of the students that had high scores tastthe pre
had high scores on the posttesti appendix a)

The pretest and posttest performance on the TUG-K was also analysed uslagehe
test. It was determined that the average normalized gain for the group wgs0s83+0.17 21in
aopendix ) IN the language of the creator of the Hake test the honors students have demonsyrated ver
high gains. In studies that Richard Hake has done involving thousands of students he has found
that gains in traditional instruction rarely exceed 0¢30 .99s)
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TUG-K Test for 38 Honors Physics Students
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Figure 3. Honors physics performance on the 20touresin the TUG-K test

| thought it would be interesting to look at whether or not the skills emphasized in the
treatment, taking slopes and areas to solve problems, would yield masteryeddrims of the
test. The questions that required students to take slopes and areas to solve for a value in the
TUG-K are questions 3, 4, 5, 12, 13, 14 and 16. Questions 5 and 13 required them to calculate a
slope to answer the question. However the two questions were a bit trickyias gegment
was in the middle of a graph and some students solved for slope of a line beginningaatishe
Most of the students that answered incorrectly knew they should take a slope tothaswer
guestion; however they calculated the slope incorrectly. Students werewdprtable in
solving questions that required them to find the area of a graph except in question 12. That
guestion required students to find the area of an acceleration vs. time graph torsthlee f
change in velocity. This question showed that the students were not as comfuittatile area
of an acceleration vs. time graph as with a velocity vs. time graph. Overadiribes students
demonstrated proficiency at close to the 90% level.
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The treatment general physics TUG-K pretest mean was 5.39 and the positestase
13.68 out of 20 with a normalized gain of 0.57. The control group of general physics students
had a pretest mean of 9.40 and a posttest mean of 13.35 with a normalized gain of 0.24.

Figure 6. Control TUG-K pretest

Class Test Pretest mean  Posttest mean Normalized Gain for pre
and posttests
Treatment TUG-K 5.39 13.68 0.57
General Physics
Control Generall TUG-K 9.40 13.35 0.24
Physics
TUG-K pretest TUG-K posttest
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Figure 4. Treatment TUG-K pretest Figure 5. TreatnmdJG-K posttest
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Figure 7. Contr&JG-K posttest
| was interested in the effect of my graphical treatment on the studer@KT&tores.
Based on a non-directional independent samples t-tesDdl5, | fail to reject the null
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hypothesis that the population means are equal, t(66) = -0.393, p = 0.696. | therefore conclude
that there is no significant difference between my treatment studerds @£3.68, SD = 2.95)

and the control group (Mean = 13.35, SD = 3.67) for the TUG-K posttest. | am 95% confident
that the true population mean difference falls between -2.00 and 1.34. This t-test showed tha
there was no difference between the scores of my students and those of thetcoleints sn

the pOStteStzz in Appendix A)

An analysis was also run on the two populations for the pretest using a non-directional
independent samples t-test a0.05. In this case the null hypothesis that the two populations
have the same mean was rejected, t(66) = 3.98, p <0.001. The conclusion is that the treatment
group (Mean = 5.39, SD = 2.51) was a far different population than the control group (Mean =
9.40, SD = 4.89) at the time of the pretest. | am 95% confident that the interval 2.19 to 5.82
contains the true population mean difference. This t-test showed that the scorescatitent
students were much lower on the pretest than the scores for the control studentsangharene
so different that a meaningful study on the effects of the treatment usititeites an analysis
tool is not valid 2 in appendix 4)

The TUG-K performance of the treatment group and the control group was compared
using the Hake test. Based on the average of the Hake gains of the studentsiheétthere
was a substantially larger gain in the treatment groupssg8.57+0.19 than for the control
group <g>sc=0.24+0.51. The treatment group mean gain was 1.74 standard deviations above
the controls’ mean gain. The Hake test shows that my treatment students had egclggne
on their scores than the control students. This is shown also by the fact thattmgritea
students scored much lower on the pretest but ended up with the same averagen dtteeyai
treatment group showed medium gains while the control group showed low@aisSix
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Figure 8. General physics treatment group perfoomam the 20 questions in the TUG-K test

Once again, the questions the treatment focused on are 3, 4, 5, 12, 13, 14 and 16. Two of
the questions that my students did poorly on were addressed in the graphical treatrestitn Q
12 required the students to take the area of an acceleration vs. time graph to soé/eHange
in velocity. Obviously this skill wasn't fully understood by the students. Question 5edquir
taking the slope of a velocity vs. time graph to solve for the acceleratio, thatkiwas heavily
emphasized. However, this graph does not begin at zero and many of the students did not notice
this distinction. While most students did recognize they needed to take a slope, theyddid not
So correctly.
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Results for the FCI
Honors Physics

The honors physics FCI pretest mean was 8.24 and the posttest mean was 23.71 out of 30.

Class Test | Pretestmean  Posttest mean Normalized Gain for paed
posttests

Honors FCI 8.24 23.71 0.72

Physics

There was no control group in honors physics with which to run a comparison therefore |
compared the pretests and posttests by running the Hake test for normaligjamthed found
it to be 0.72.

FCl pretest total FCI posttest total
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—
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|
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|

14
Mean =8.24 Mean =23.71
Std. Be_v?.>8=3.65 Std. Dev. =3.494
T LI I B B p m p - O—r—rTTrTTT T T N=38
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Number Correct Number Correct

Figure 9. Honors FCI pretest Figure 10. Honors pa3ttest

A directional dependent sample t-test was conducted to evaluate the hypbtitesis t
students in my honors physics class would increase their FCI score= @01 | reject the null
hypothesis that the population mean for the posttest is less than or equal to the population mea
of the pretest t(37)=25.11, p<0.001. | conclude that there is a significant diffengheescores
of the students for the pretest (Mean=8.24, SD=3.65) and the scores on the posttest
(Mean=23.71, SD=3.49). The results of the t-test indicate that the treatment treedtodents
received led to higher scores on the posttest. There was a moderate acotelateen the
students scores of 0.46 meaning that many of the students that had high scores ontthagretes
high scores on the posttestin appendix a)

The pretest and posttest performance of the honors students on the FCI was alsedcompa
using the Hake test. It was determined that the average gain for the groag>wa®.72+0.15.
The honors students demonstrated high gains on the FCEteshendix )
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General Physics

The general physics FCI pretest mean was 7.39 and the posttest mean was 18.68 out of 30
with a normalized gain of 0.50. The control group of general physics students had a pretest
mean of 9.40 and a posttest mean of 13.35 with a normalized gain of 0.24.

Class Test Pretest mean  Posttest mean Normalized Gain for pre
and posttests

Treatment FCI 7.39 18.68 0.50

General Physics

Control General  FCI 8.19 15.14 0.32

Physics

FCI pretest total FCI posttest total
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| was interested in the effect of my graphical treatment on the studentst¢&Es.
Based on a directional independent samples t-testta@1, | reject the null hypothesis that the
population of mean treatment students is less than or equal to that of the control grypup, t(62
=3.04, p = 0.0015. | therefore conclude that treatment group has significantly higiesr sc
(Mean=18.68, SD=4.33) than the control group (Mean = 15.14, SD = 484&).nix | believe
the results indicate that my general physics students had a much bettetandileg of forces
and motion than the control group.

An analysis was also run on the two populations for the pretest. A non-directional
independent samples t-test a0.01 was run. In this case | fail to reject the null hypothesis that
the two populations have the same means, t(62) =0.99, p=0.326. The conclusion is that there is
no significant difference between the treatment group (Mean = 7.39, SD = 2.79) aodttbk c
group (Mean = 8.19, SD = 3.50) at the time of the pretestxedxn It is interesting to note that
even though the populations were far different at the beginning of the year on thi€ BBIG
they were very similar on the FCI.

The FCI performance of the treatment group and the control group was compaged us
the Hake test. Based on the average of the Hake gains of the students | deétirenaneas a
substantially larger gain in the scores of the treatment groug<§50+0.17 than for the
control group <gzc=0.32+0.18. The treatment group had medium gains while the control
group had low gains. The treatment group average gain was 1.0 standard deviatiotizadbove
of the control group (s in appendix A)

Results for the FCI selected questions
Honors Physics

In this section are the results for the 11 FCI questions that | hoped our graglaitaent
would help improve. The honors students had a pretest mean of 4.29 and a posttest mean of 8.79
out of 11.

Class Test | Pretest mean  Posttest mean Normalized Gain for paed
posttests

Honors FCI- 4.29 8.79 0.68

Physics selected

There was no control group in honors physics with which to run a comparison therefore |
compared the pre and posttests by running the Hake test for normalizing thedyiaral it to
be 0.68.
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Figure 15. Honors FCI selected questions on pretest Figure 16. Honors FCI selected questions on psistte

A directional dependent sample t-test was conducted to evaluate the hypbthtebis t
students in my honors physics class would increase their FCI score on the EH gplestions.
At =0.01 I reject the null hypothesis that the population mean for the posttest imfess t
equal to the population mean of the posttest t(37)=13.19, p<0.001. | conclude that there is a
significant difference in the scores of the students for the pretest (M2&$D=1.79) and the
scores on the posttest (Mean=8.79, SD=1.91). The results of the t-test indicéte ttestiment
the honors students received led to higher scores on the posttest. There was alkiwimcorre
between the students pretest and posttest scores ofin3Bendix )

The pre and posttest performance of the honors students on the FCI selected questions was
also compared using the Hake test. It was determined that the average gargfoup was
<g>35=0.68+0.27. The honors students demonstrated medium gains on the FCI selected
questions (s in appendix A)
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Figure 17. Honors physics treatment group perfoicean the 11 selected questions in the FCI test

Our group hoped to show that the FCI questions that involved some spatial reasoning
would show a marked improvement due to our treatment. | decided to look at the student
performance on specific selected questions. Question 17 pertains to an eleugtbfteeiat a
constant speed and determining what force on the elevator is greatest tihgilgres student
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answered question 17 correctly on the pretest and on the posttest the question wawstiida
correctly by the fewest students. The TUG-K test showed the students ocodéhnst concept of
constant velocity, however the bridge between that and Newton’s Laws wadahtiks

guestion. Questions 19 and 20 involved motion of blocks whose positions were shown at regular
intervals. These are the only questions for which the correct answer depenais only
understanding motion. The students did very well on those two questions.

General Physics

The general physics FCI pretest mean was 7.39 and the posttest mean was 18.68 out of 30
with a normalized gain of 0.50. The control group of general physics students had a pretest
mean of 9.40 and a posttest mean of 13.35 with a normalized gain of 0.24.

Class Test Pretest mean  Posttest mean Normalized Gain for pre
and posttests

Treatment FCI 3.46 7.11 0.46

General Physics

Control General  FCI 3.72 5.53 0.25

Physics
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| was interested in the effect of my graphical treatment on the studentst¢&Es.
Based on a directional independent samples t-testta@1, | reject the null hypothesis that the
population of mean treatment students is less than or equal to that of the control grypup, t(62
=2.60, p = 0.006. | therefore conclude that treatment group has significantly higlesr scor
(Mean=7.11, SD=2.13) than the control group (Mean = 5.53, SD = 2:260pendix »)

An analysis was also run on the two populations for the pretest. A non-directional
independent samples t-test a0.01 was run. In this case | fail to reject the null hypothesis that
the two populations have the same means, t(62) = 0.536, p=0.594. The conclusion is that there
was no significant difference between the treatment group (Mean = 3.46, SD = 1.98 and th
control group (Mean = 3.72, SD = 1.86) at the time of the pretestapendi »

The performance on selected FCI questions for the treatment group and the coufrol gr
was compared using the Hake test. Based on the average of the Hake gainsidéthe ks
determined there was a substantially larger gain in the treatment ggoeg=0.45+0.40 than
for the control group <g3=0.24+£0.31. The average gain by the treatment group was 0.52
standard deviations higher than the average gain for the control group. Therttegoup had
medium gains while the control group had low gainsappendix »)
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Figure 22. General physics treatment group perdimga on the 11 selected questions in the FCI test

As with the honors students, the general physics students did not do well on number 17,
the elevator question. They did not do nearly as well on questions 19 and 20 involving the
motion of the blocks as the honors students. | have noticed for ten years that genearsl physi
students do not demonstrate the ability to cast off pre-Newtonian ideas asfiliycas the
honors students do.

Results of student questionnaires and discussions

| gave the students an exam on unit 3 in which three of the six problems could have been
solved either graphically or algebraically. At the beginning of each protblere were axes for
each type of motion graph. The three questions are in the appendhixendi )

After the exam | went through the exams to categorize the method the usbe tine
problems. The groupings were; graphical for those that solved all or most weghg,dvoth for
those that solved using both methods, and algebraic for those that used algebra mosther all of t
time. Later | gave them a questionnaire inquiring as to why they solvedotlems using their
method of choice. Here are comments from some of the students.
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Emily D.: “l did it that way because that's what comes easiest and nsdstenatural to me.”
Emily always used algebra. She never placed anything on the graphs.

Mark I.: “I liked to use Algebra formulas better because they worked deft i@t me. You just
plugged in numbers and found your answer. | believe they are more accurate and
they were easier to use for me.”

Mark used algebra most of the time but did use graphing to help him on one problem.

Claire L: “I preferred the graphs because | had already had a calladssnd | used the
concept of integrating. Plus it was easier for me to just remember thigratons is
the derivative of velocity and that is the derivative of position so then all | need to
worry about is basic geometry. Although the equations were also derivatstdk, i
made more sense to do problems that way.”

Claire used graphs to solve most of the time. | noticed during the year thateshesefd
both methods to check out her work. A couple of times during the year she wasn’t sure
about equations and would check them out graphically.

Cassie M.: “I preferred the algebra because the numbers are never wrong enqdeations are
easier and less room for error than measuring and making graphs.”

Cassie did all of her calculations algebraically. However, she alwayshgk a graph

when solving for displacement and divided it into sections. She often sketched graphs in
other situations. | asked her why she bothered to sketch the graph when shedaiefer

use algebra. She said it helped her to think out the problem and what steps she had to
include.

Jenna M.: “I prefer to use algebraic formulas over graphs. | have a hard tiralkézing graphs.
| understood it better if | solved it with algebra.”

Interestingly enough, Jenna solved over half of the problems using graphss t@gheg
doing the problem using the slopes and areas of the graph was algebraic. Betow is he
setup for a difficult problem.
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Shelby M.: “I prefer algebraic formulas because it is easier for megadrpthings | already
know and solve for something missing. However sometimes graphically helped me
visualize it.”

Shelby used algebra most of the time but usually sketched a motion graph and semetime
used a velocity vs. time motion graph to solve for displacement..

Andrew P.: “l used the graphs in this case because the shapes created by the geagphwyplee
So the easier the shapes, the easier it was for me to calculate slopesaarty ar
using geometry. It breaks down into simpler math.”

Andrew did almost all of the problems using graphing. Below is his setup for the
problem. In my twenty years of teaching | have never had a student solve thesrprobl
graphically and this year there were six that did.

Rachel R.: “Algebra just makes more sense to plug in values into equations and wheat | look
an equation it looks right and | can easily see what | need to do and what values |
need or have to solve for.”

Rachel used algebra most of the time. However she often sketched in a velocity time
graph and in one problem she used it to solve for displacement. When | asked her why
she drew graphs when she preferred algebra she said they help her think out the problem.

Tom S.: “l think | use graphs because it is faster for me and the easiestefigjuiAlso |
make more mistakes when | try to use algebra.”

Tom did almost all of the problems using graphs to get his answer.

Cody U.: “I preferred the algebra method because it seemed like the valeasave accurate
using algebra.”

Cody used algebra most of the time but occasionally sketched a graph to help him think
out the problem.
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Conclusion

My treatment group had higher scores on their FCI tests than the control group.
However, | do not attribute that to the graphical treatment instituted for wllig. sThe scores
are not significantly higher than previous years on the FCI. The likely cailsd Ihave been
using modeling for ten years and teaching physics for twenty eight yBaissstate of affairs
was not true for the control teachers or for other members of my team. The higpibthtese
could increase the FCI scores on questions involving spatial reasoning was not kalghinr
in those questions lagged slightly behind the overall gain in the FCI for my studiéogs of the
selected questions tie both motion and forces together making them some of thefioalst dif

| believe the treatment | used on my students led to higher scores on the TWBIK ex
and an increased overall understanding of kinematics. | think that the TUG-K aceléely
the best overall of my career. | am unable to confirm this belief by looking tipquaes
because while | have been using the TUG-K for ten years, it has always sestioa of a larger
exam. The statistic that the honors physics treatment group mean was closgytpercent
correct is quite impressive. A study published by the author of the TUG-K tedidbassed the
test and the performance of high school and college students on it indicate a mean offgyound f
percent is commoneichner, R. 1994) By analyzing the TUG-K results one question at a time it is
evident that more emphasis needs to be placed on acceleration vs. time graphs and on taking
slopes of lines that do not begin at the y-axis.

Even if | had not seen such high TUG-K scores | would still be a proponent of
emphasizing graphical methods of solving problems before introducing algebtaadsmeMy
students this past year exhibited a much deeper understanding of the inforheteantbe
extracted from a graph than in years past. When my students studied the concepidsef i
and work, the skill of using the area of a graph to solve for those values progressed more
smoothly than any other year. | do feel the extra three days spent on engttasi skill of
solving for values using graphs is worth it and | intend to maintain the practice.

In discussions with the students it was evident that the emphasis on graphing first did not
lead to all of the students using graphs to solve their kinematics problems. Howeyeofrthe
students that solved problems algebraically did use graphs to help them set up thesproblem
Over forty percent of my students used graphs to solve problems or to assist timghugehe
problem in the unit 3 problem examn apenaxs This has never been the case in years past. If
nothing else, | have emphasized another tool for the students to place in their “tabfioray
be useful for them.
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Angela McClure’s Field Trial Report
Procedure

My sample consisted of 19 students with varying science and math backgrounds. 10
students were enrolled in a general physics course. 9 students were enrolled in @phy@ics
course. Students from both courses were concurrently enrolled in an InternAdgidie,
Precalculus or Calculus math course.

There was very little variation in treatment method from the other investiga&tudents
were required to solve problems using graphing methods first. After the profalesolved
graphically the students were required to solve the same problem algébteicay physics
formulas. Students therefore received equal instruction using both graphical andi@lgebr
methods to solve problems. Students were given pre and post tests of the FCIl and TUG-K
assessments. Over the course of the treatment students were also askedteztific
problems on thin strip of paper to determine the method in which they chose to solve the given
problems. ss i appendix 4 At the end of the course (May 2008), 6 students were interviewed and
video taped while solving strip question 2.

Results

| was interested in the effect of the treatment on the general physics stkishemtstics
understanding as measured by the TUG-K. Based on a non-directional paired saegtlat
alpha = 0.05, I reject the null hypothesis that population mean of the pretest takgral i the
population mean of the posttest takers, t(9) = 7.575, p < 0.001. | conclude that there was a
significant difference in kinematics understanding as measured on the fougi&heral physics
individuals before and after the treatment. (Treatment Pretest: Mean = 2.8(1.687 .
Treatment Posttest: Mean = 10.90, SD = 3.510). | was 95 % confident that the interval -10.519
and -5.681 contains the true population mean difference. The correlation was3&:5uix )
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Figure 1. Comparison of histograms for McClure’sn&ml Physics Sample Tug-K pretests (left) andtpstst (right).

At the beginning, these students had some of the lowest scores in the study as can be seen
from the left centered graph of pretest scores. The second graph showsoavahiftihe center
or right of the graph. From these results, it can be concluded that the gensied ptudents
who received the treatment showed significant gains in their understanding of tiisema
concepts.

| was also interested in the effect of the treatment on the honors physicssstudent
kinematics understanding as measured by the Tug-K. Based on a non-directrexasgaiples
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t-test at alpha = 0.05, | reject the null hypothesis that the population mean of és¢ taletrs is
eqgual to the population mean of the posttest takers, t(8) = 22.235, p < 0.001. | conclude that
there was a significant difference in kinematics understanding as re@asuthe Tug-K for

honors physics individuals before the treatment and after the treatmentm@meRretest: Mean
=5.78, SD = 2.224. Treatment Posttest: Mean = 15.89, SD = 1.900). | am 95 % confident that
the interval -11.160 to -9.062 contains the true population mean difference. The correlation wa
0.792. (46 in Appendix A)
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Figure 2. Comparison of histograms for McClure’sndis Physics Sample Tug-K pretests (left) and psst(right).

The above graphs show TUG-K scores that shifted considerably from the lieft £fct
the graph to the right. From these graphs and t-test results, | conclude that the honty stude
who received the treatment also showed significant gains in their understankiimgnoatics
concepts.

My intention was to compare the gains of the general treatment group to that of the
control group. To further this goal, | was interested in determining whether dbmére
samples and the control samples from the Tug-k pretest were from the samdg@upBlased
on a non-directional independent samples t-test at alpha = 0.05, | reject the niiebigpibtat
population mean of my general physics treatment group is equal to the population thean of
control group, t(42.894) = 7.024, p < 0.001. | conclude that there was a significant difference
between the treatment sample and the control sample on the Tug-K pretest.diir&asgtest:
Mean = 2.80, SD = 1.687. Control Pretest: Mean = 9.40, SD = 4.893) | am 95 % confident that
the interval 4.705 to 8.495 contains the true population mean differencgendi
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Figure 3. McClure’s Treatment TUG-K pretest hisergron the left. Control TUG-K pretest histograntloa right.

From these results, | conclude that the general physics treatragptand control group
who took the Tug-K pretest did not come from the same population, and a traditional atatistic
comparison between these samples’ scores on the Tug-K using furtheontéssstest is
inappropriate.

Hake Gain Test

Comparing the treatment and control group required a more appropriate method of
comparison than a traditional t-test. | then determined to use the Hake Gaitsdespendix )
The Tug-K Hake Gain results for the treatment group are as follows:

McClure’s Treatment,  General Physics | Honors Physics(N=9) Total Sample (N=18)
Group (N=10)
Mean Hake Gain 471 .718 .588
Score
Standard Deviation 199 .103 201

Figure 4. Mean Hake Gain Scores for McClure’s Tremt Group

CONTROL General Physics
(N=10)
Mean Hake Gain .245
Score
Standard Deviation 517

Figure 5: Mean Hake Gain Scores for the Contrau@r
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Figure 6: Mean Hake Gain Scores for McClure’s Tret Group(s) on the left. Mean Hake Gain sctoethe
Control Group on the right.

The results show that my general treatment was 1.14 standard deviations abofve that
the control group. My honors sample was 4.60 standard deviations above that of the control
group. My combined sample was 1.71 standard deviations above that of the control group. In
conclusion the Hake Gains were significantly greater in the treatnmapteséhan in the control
sample. Considering both that the treatment group began at a substantially vehirale that
of that of the control group, and yet had much larger Hake gains, it can be concladed tha
treatment had an impact on the treatment sample.

Strip Questions:

| was also interested in the effect of the treatment on the method in whichdéstst
used to solve problems. A frequency distribution was used to determine the percentage of
students that used graphing, algebra or a combination method to solve each problem. F$he result
are as follows:

STRIP QUESTION #1
Total Students in Treatment Group (N=18)

Method Frequency Percent
Graphical Method 12 66.7
Algebraic Method 3 16.7

[®X

Combination of Graphical an 3 16.7

Algebraic Method

Figure 7: Frequencies of solving methods for Sfigestion 1 for the McClure Treatment Group.
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Figure 8: Histogram of solving methods for Stripetion 1 for the McClure Treatment Group.

STRIP QUESTION #2

Total Students in Treatment Group (N=19)

Method Frequency Percent
Graphical Method 9 47.4
Algebraic Method 2 10.5
Combination of Graphical and 8 42.1
Algebraic Method

Figure 9: Frequencies of solving methods for SRigestion 2 for the McClure Treatment Group.
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Figure 10: Histogram of solving methods for St@ipestion 2 for the McClure Treatment Group.
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STRIP QUESTION #3
Total Students in Treatment Group (N=17)

Method Frequency Percent
Graphical Method 15 88.2
Algebraic Method 1 5.9
Combination of Graphical and 1 5.9
Algebraic Method

Figure 11: Frequencies of solving methods forpSfruestion 3 for the McClure Treatment Group.
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Figure 12: Histogram of solving methods for St@ipestion 3 for the McClure Treatment Group.

The 3 strip questions were given over the time of the treatment. The percent offsstude
who used algebra on the first strip question was 16.7% . The percentage of students who used
strictly algebra to solve then decreased to 10.5% for question 2, and then additionadgekkcr
to 5.9% by the final strip question. If the number of students using algebra to sobasddc
over time, then the amount of students using some form of graphing method to solve then
increased over time. Thus it appears that students in the treatment groupom®seethod of
graphing over a strictly algebraic method. These results seem to folanend established by
the entire treatment sampl@szin appendix )

The Control Group reported results only for Question #1 and Question #2. The results are as
follows:

STRIP QUESTION #1
Total Students in Treatment Group (N=32)

Method Frequency Percent
Graphical Method 9 28.1
Algebraic Method 9 28.1
Combination of Graphical and 14 43.8
Algebraic Method

Figure 13: Frequencies of solving methods forpSRuestion 1 for the Control Group.
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McClure Figure 14: Histogram of solving methods $trip Question 1 for the Control Group.

STRIP QUESTION #2
Total Students in Treatment Group (N=41)

Method Frequency Percent
Graphical Method 4 9.8
Algebraic Method 37 90.2
Combination of Graphical angd 0 0
Algebraic Method

Figure 15: Frequencies of solving methods fopSQuestion 2 for the Control Group.
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T T
graphical algebraic
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Figure 16: Histogram of solving methods for St@ipestion 2 for the Control Group.

Very few of the students in the treatment group used graphing to solve the firstrproble
but by the second problem, most of the students used graphing to solve. In the control group |
saw the exact opposite trend. Most of the control group students solved the first problem by
graphing, but when the problems got harder, they reverted to solving the problem ebtiaialg
methods. These observations follow the trend established by the entire treatm@at &4

Appendix A)
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Investigation of Strip Question 2

The following figures are examples of student work for strip question 2. Both students
answered the question correctly. One student solved using a graphing methothendeleond
student solved the same question algebraically. Both students solved the quegatly;corr
however, the graphically method demonstrates a much simpler mathematieabkproc

A scan of four whiteboards was deleted to make the
document a smaller file.

Figure 17. Student work on the left representsraectly answered question solved graphically. &lireent Group)
Student work on the right represents the same ayrenswered question solved algebraically. (Car@roup)

The following work illustrates two students’ work for strip question 2. Both students
answered the question incorrectly. One student solved using a graphing method, while the
second student solved the same question algebraically. Both students had difiidultythe
correct time interval; however, the student who solved the question graphicallyskeeger
understanding of the difference between constant velocity and acceleratiortudérd en the
left did make a connection that the time interval for acceleration portion omstfcom
subtracting the initial 2 seconds from the final time, but continues to use the éhtionee
interval throughout the problem. The student then continues to make small matHesmatisa
but shows a basic understanding of the physics concepts. The student who solved algebraicall
did not make the connection that the displacement formula they had used only applies to an
accelerating object. Thus the student solved the problem mathematically, ¢cbegtowever
had difficulty applying it with the larger physics concept.
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A scan of whiteboards was deleted to make the
document a smaller file.

Figure 18. Student work on the left representgarrectly answered question solved graphicallyediment Group)
Student work on the right represents the same liectly answered question solved algebraically. (@bmroup)

Student Work

Students were asked to find the time a ball reaches its highest point if tossed ufsat 75m
The students were also asked to find the height of the ball when it reaches its highestipoi
following work was taken from 3 of 5 groups. All 5 groups solved the problem using the
following method. Students first started with motion maps, x-t, v-t, and a-t graphs. Most
students realized that the velocity at the ball’s highest point was 0 m/s.stfinggled with the
unknown time of the ball at the highest point. All 5 groups decided to make a list of eslociti
each second. They continued the process until the ball reached -5m/s at 8seconds. [&udents’
didn’t contain a velocity of 0 m/s. Students then reasoned that the ball reached && ogite
between 7 and 8 seconds. Students determined that because the ball is agaieratnstant
rate, the ball reaches its maximum point at 7.5 seconds. Students then used the v-t ghegph and t
area under the curve to find the displacement of the ball.

Students used strictly logically reasoning and what they understood conlgegitual
acceleration. Students did not use a single physics formula. If this problem beasdlved
algebraically it would have required several formulas and substitutions. This a@gesative
learning activity and students worked in teams to solve the problem. All 5 groups selved th
guestion with the same method and solved it correctly.
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A scan of \whiteboards was deleted to make the
document a smaller file.

Figure 19: Example of students’ whiteboards flwoth Investigator 4's General and Honors Physics.

Interviews

In order to investigate the strip questions more thoroughly question #2 was given to
students at the end of the school year. (6-7 months after the material in question #2 was
presented.) Select students were asked to attempt the question again and wepedidedta
interviewed. The purpose of this procedure was to gain insight to how students reasomgd throu
the questions and the methods in which they used to solve the problem. The interview was done
later in the school year to gain insight into what helps students to retain intriosatg term.

(54 in Appendix A)

The three students interviewed from the general physics course apfirglained about
not remembering “any formulas.” Students were then asked if there wasgryigy could do
to stimulate their memory and all three chose to graph. Although they werbitethay all
continued to use graphing throughout the entire interview. All three students solved for
displacement by using the area under the v-t graph. Two of the three students sawtidethe
displacement portion correctly. The student who did not solve the problem correctlyfsolved
the displacement while the car was slowing, rather than both when the céowiag snd
traveling at a constant velocity. All three students had no issue separatogshent velocity
portion of the graph from the acceleration portion. In past years my students had issues
remembering when to use the constant velocity formulas versus the acoetemulas. | was
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pleased that the treatment seemed to help the students distinguish betweerctreepts.

The three students solved for the magnitude of the acceleration correslgtu@ent
needed coaxing whether to multiply or divide to calculate acceleration. siite questioning
she used her graphs and the area under the a-t graph to work backwards to solve fdrarccelera
This was particularly interesting because this method was taught loveily6 months earlier.
The student intuitively used a method that was not emphasized in the course. The other two
students used the slope concept to solve for acceleration; however, they could not make the
connection to the word slope.

All three students found the correct time interval easily and drew the v-t grdipa w
decreasing line. In past years if my students solved this question algiptheawould
mistakenly use the entire time interval rather than only the accetepairtion. Although the
students drew the graphs correctly all three students at first did not puveeigis on their
answers. It was clear that conceptually the students understood the concepts but &éad probl
executing the final answer perfectly. As the interview progressed itergs caught their
mistake and marked their acceleration with the correct sign.

The three students interviewed from the honors physics course had no issue with this
qguestion. All three students drew the graphs immediately and solved all parts afleenpr
correctly in just a few minutes. One student made a few mistakes becaustiyhediasd the
problem. After he was encouraged to slow down and look carefully at the probleméduetsel
problem beautifully.

Students were asked, “Why didn’t you use physics formulas to solve?”
Student responses: ‘I couldn’t remember the formulas, but | could remember tihesgict
“Because that is what you taught us to do.”
“It is easier and faster to graph.”
Students who were concurrently enrolled in calculus were asked, “How has graelped
you?”
Student responses:  “There were multiple questions on the AP Calculus Exapotlidt |
solve graphically.”
“It helped me to understand derivatives and integrals.”

(55 in Appendix A)

Conclusion

Evidence shows if nothing else that the students who received the treatinesnbfel
more comfortable with interpreting and using graphs than otherwise withaueat@ent. After
viewing the whiteboarding sessions, it is evident that the treatment gidesntst a visual
reference to communicate from. It helped students to follow their fellownwdds's logic
visually rather than only verbally and mathematically. The treatment edidference in the
students’ problem solving skills. It also convinced many students that visuaeefatons are
important for learning and necessary to communicate with others.

In addition, calculus level students gained confidence and made connections with thei
calculus material. The treatment allowed for a smooth transition to ottienseaf the course
where a connection to graphing and area under a curve could be made.

| am committed to continue and expand on the treatment in my future courses. Students
in this particular group began at a significant lower level than that of the corttupl gnd yet
they made greater gains on the TUG-K. Many lower level students gainidecice and
enjoyment. Solving graphically has allowed students with lower math abilityake gains and
participate with confidence among their fellow classmates.
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Implications for Further Research

Though this research was successful in finding a difference in kinemagiesstanding
as measured by the TUG-K in the treatment group versus the control grolgasedson
relatively small sample sizes and a control group that did not match the populatien of th
treatment group. Further study of the effect of solving problems graphicadtyto introducing
algebraic solutions for kinematics problems is necessary to determine thiéoxerand depth
of student improvement with this method. Though we believe that the effect that we found is
real, more work should be done to determine how large an effect there would be vg#r a la
population of students.
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Below are the two strip questions used in the action research called
The Effects of Developing Kinematics Concepts Grapbally Prior to
Introducing Algebraic Problem Solving Techniques

By James Archambault, Theresa Burch, Michael Crofton, Angela McClure

Arizona State University, July 2008.

Available at http://modeling.asu.edu/Projects-Resources.html

Test questions:

Constant velocity:

Ann T. Matter travels in the negative directions at 20 m/s for 10 s, after whichsshethy

changes to 30 m/s in the positive direction and moves for 5 s, after which she instarggscha

to 10 m/s in the negative direction and moves for 10 s, and finishes by moving in the negative
direction at 5 m/s for 5 s.

What was Ann’s displacement for the trip?

Constant acceleration:

Ella Vader is driving her flashy Porsche down the highway at 30 m/s. Shedssrsalead and
2.0 s after she spots the deer she hits the brakes. It takes her 7.5 more seconds to stop.

How far did Ella travel before stopping?

What was Ella’s acceleration while she slowed down?



