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ABSTRACT
ENHANCING DYNAMICS COURSES WITH MODEL ELICITING ACTIVITIES
Lawrence Fong

Model eliciting activities are assignments which require studerds¥elop models to
describe realistic situations. Every MEA follows six principles: madeistruction, reality, self
assessment, model documentatmgeneralizability and effective prototype. The six principles
provide a solid guideline in which instrtocs can develop more MEAS, which can then be shared
and used among several participating universitiesler NSF CCLI Grant #0717595, Cal Poly
is currently developing Model Eliciting Activities for the subject of Mechanical Engineering.

This report documnts the undertakings to implement and enhance two Model Eliciting
Activities (MEASs) into the Cal Poly curriculum. Specifically, the development oVtleicle
AccidentReconstruction (VAR) MEA and th€atapult MEA will be covered in detail.

The VAR MEA wasa project assigneid M E 2 1 EngirfeeringDynamicso which
requiredstudentgo apply momentum principles to a twehicle collision. Because of the heavy
development time experienced by the MEA research team, a MatLab prabreimacceptd
user inputyia a graphical user interfa¢@Ul) was devioped. This GUI solved foinitial
velocities during twevehicle collisions by applying appropriate momentum and vemdrgy
principles.With this program, instructorsanmore easily develop crash scenariosyal as
check student work.

The Catapult MEAvasalso a project assigned to ME212 students. It redjtivem to
analyze thdaunchtrajectory of @ actualkcaledcatapult using angular motion and wegkergy
principles. Tls scaledcatapult was instrumeadl withone ADXL278dualaxis accelerometer
andfour CEA-06-240UZ120strain gages. This instrumentation allowed for the experimental
data acquisitiof the catapult angular velocity, acceleration, and strains. By postprocessing this
experimental data usj a MatLab program, the experimental rescdisthen be compared to
theoretical results.

The overall goal for the VAR MEA GUI programming was to reduce instructor workload
in order to promote usage the MEA through a broader range of universities. Tioé thea
Catapult instrumentatiowas to provide studentgith actual experimental data, which could
then be used to confirm their theoretical modéle system was set up so that they could easily
record their own experimental data for each catapult lunc



ACKNOWLEDGMENTS

| would like to thank all the members of my thesis committee for their guidance and
support during this past year. | would also like to acknowled§E CCLI Grant #0717595
which made this research possible.



Table of Contents

LISt OF FIQUIES. ... e ettt ettt e et e e e e et e e e e e eeneanas Vil
IS 0 ] = ] PPN Xi
[N\ 1= Lo = 1 =P Xii
1o o 11 o o o 1P 1.
Model Eliciting Activities and Cal POlY..........coouuiiiiiii e 3
LAY = U LS T T 1 3
Difference between MEAs and Traditional ASSIgNMENLS............ovviiviiiiimiiineeeeeeiiieee 5.
HISTOIY OF IMEAS. ...ttt e ettt e e e e e enba s 6
(YIS T o T (o I I =V o o P 7.
Cal POIY @8N MEAS ...t e ettt e et e e e e e ee e 8
MEAS in Cal POly DYNAMICS COUISES ......uuuiiiiiiiiiiieeeeeee ettt eeeeeeaai e e eenaaanns 9.
Vehicle Accident REONSIIUCTION.........oivieieeiiie e e e e e e eea e e e e aaen e 11
Changing student MiSCONCEPLIONS.........iiiiiii e eeeee e e 15
VAR Time COMMITMENT. ..ottt a e e e e aa e e 19
VAR MatLab DeVEeIOPMENT.......cc.uuiiiiiii e e e e s 20
VAR CBSES. ....ei ittt ettt e 23

VAR GUI Summaryand Recommendations..............ccoeeveviiieieieiiieeeeiie e eeeeein 28

(@ 1 -1 o U || PP 29
INSEFUMENTALION. ....eeeeeii e e e e e e e e e e e e e e e e s e e 34
Angular Position, Velocity, and Acceleration..............c.covuiieeveeiii e 36
Switchingto CompactRIO............cccoiiiiiiiiiiieeeir e e A0

Axial Stress and Force at Stopper PiN..........coooiiiviii e 43

Data From the CompactRIQ.............oiiiiiii e e 49
MatLab, Postprocessing, and ReSUILS.............ccccovviiiiieiiiiiecen e 50
Catapult Instrument Summary and Recommendatians............c..coovevieeeviiiieeeiineeens 58
Overall RESPONSE 10 MEAS .. ... e e e et e e as 60
(@0 o [od (1] (o ] o F PP SPPPPRRN 64
AT o] L O 11T o PRSPPI 66

Vi



Appendix A
Appendix B
Appendix C
Appendix D
Appendix E
Appendix F
Appendix G
Appendix H
Appendix |

Appendix J
Appendix K
Appendix L

VAR CASE L.t a e eens A-1
VAR CASE 2.t eeans B-1
VAR CASE 3.ttt et enan C-1
VAR CASE 4.t eans D-1
VAR CASE 5. E-1
MatLab GUI USEr GUILR........uuiieiiiiiiie et e e F-1
VAR MatLab GUI..........cooiiiiii e . OF
Derivation for VAR CaSS....cccuuiiiiiiiieeiiiiieeeeeeis e et e e e e eeen e eneeeannneeeeed H-1
Catapult Postprocessing Cade..........uoviiiiiiiiiiiieeieeceeei e I-1
Catapult TheoretiCal COUR..........coiviiiiiiiii e J1
Sekcted Catapult Hand Calculatians.............cooevvvviiiieeeiinceeie e, K-1
ADXL -278 SPECITICALIONS. ... iieiieiiiiie ettt L-1

Vil



List of Figures

Figure 1. Difference between traditional word problems and Model Eliciting
Activities. (Lesh, Beyond Constructivism: Models and Modeling Perspectives on

MatREMALICS 2004, Z4)..... i ieeeiieeeeiie et e e e e et e e et e e e et e e e et e e ennn e e eaan s 3
Figure 2. Gtapult built by Grand Valley State University students...............cccccuvvuueerrnne. 10
Figure 3. Background information provided for VAR MEA............oooiiiiiiiiiiieeeeieei e 12
Figure 4. Memoradum provided for VAR MEA..........oi et 13
Figure 5. One of the cases assigned for the VAR MEA.........ccoiiiiiiiiii e 15

Figure 6. Question 18 of the DCl testing studedt under st and.i.ng...af.l7an i mp
Figure 7. Question 20 of the DCl...tl.es.t..i..fi8&g st ud

Figure 8. Inpuiwindow for VAR development program.............cceuuoeieeeieeeeeiiinnneeeeeeiinnnnn 21
Figure 9. MatLab GUI for VAR MEA development..........coouuiiiiiiiiiiieiie e 22
Figure 10. Velocity vector plot for instantanegore and post collision velocities,

generated WIth the GUL...........ii et 23
Figure 11. Case A for StiCk COIlISION.........coouuiiiiiiiieii e 25
Figure 12. Case A for nestiCK COIlISION............uiiiiiiiiii e 25

Figure 13. VAR GUI iteration for Case F. convY and convX indicate the percent
difference between initial and final momentum magnitudes, in the Y and X

[0 1T ot 1 (o P UPPP PP SSPPPPRPIN 27
Figure 14. Catapult MEA assigned to ME212 CIaSSES.........ccccvveiiiiiieeeeeiie e eeeiieeees 30
Figure 15. Catapult provided to students for analysis............cccovevveiiieeeriiiie e 31
Figure 16. Force versus displacement curve for rubber band..................cooeeiiiiviieninn, 32
Figure 17. Diagram of catapult I0CAtIONS............ccuuuiiiiiiiee e e 33
Figure 18. Broken catapult arm after some initial trials with two rubber bands............... 36

Figure 19. Catapult with accelerometer. The accelerometer is highlighted in
yellow. The blue and red arrowspresent the directions of tangential and normal

acceleration, rESPECHIVEIY. .........ii i e e e e e e e 37
Figure 20. Closeip of accelerometer on catapult arm...............ccoeveviiicei i e, 37
Figure 21. Circuit diagram for 5V voltage regulator & hardware accelerometer

£ 10 | = U 11 C= 1 o TSP 38
Figure 22. Voltage regulator internals and packaging...........ccoooevvviiieeeriiiieeeiiii e, 38
Figure 23. Angular velocity data for multiple runs, using@9D8.................cecovviiiiiiiecneees 39
Figure 24. Experimental results for angular velocity and position. Position was

calculated from numezal integration of VEIOCItY...........ccooiiiiiiiiiii e 40
Figure 25. Trial for testing reduced sampling rate of 1000Hz, using CompactRIO

=T To [ VLS 20 PP UPUPUPUY < 2

Figure26. (Top) Comparison between experimental angular velocity and
integrated angular velocity from experimental angular acceleration. (Bottom)

viii



Comparison between experimental angular acceleration and derived angular

acceleration using experimental angulalo@@ly.................ccooooiiiiiiiiii e 43
Figure 27. FBD and MAD oOf catapult arm..............coooiiiiiiiiei e 44
Figure 28. AFull 06 Wheatstone bridge configura

strain: (1) and (3) represent mounted gages, while (2) and (4) represent external
precision resistors. For bending strain: (1) and (4) represent mounted gages, while

(2) and (3) represent internal PrecCiSION FESISLOLS..... ... i iiieiiiie e e e eeeeens 45
Figure 29. Strain gages curing under pressure fraarmps. ..........cccevvviinieeeeeiienineeeeeennn. . 46
Figure 30. lllustration of catapult with associated instrumentation. Strain gage 3

(not visible) is mountedirectly opposite of strain gage 1. Strain gage 4 (not

visible) is mounted directly opposite Of Strain gage .2.........ccoovvviiiiiiiieeiiiiii e 46
Figure 31. Catapult with mounted Strain gages...........cceuvviiieiieeeeeiiiiiieeeeeeiiieeeeeeeeeeennn AT
Figure 32. Static loading of catapult arm to determine modulus of elasticity..................48
Figure 33. Stressstrain relationship for catapult arm under axial loading....................... 49
Figure 34. LabView VI for obtaining signals in producamsumer format.......................... 50
Figure 35. MatLab output for raw voltages obtained from LalNi..............cccccooeiiiiiieennnns 51

Figure 36. MatLab output of tangential acceleration, normal acceleration, angular
velocity, and angular acceleration with corresponding theoretical results for a

catapult pullback angle d80° and stopper angle of 125°%...........coiiiiiiiiiiiiee 52
Figure 37. Diagram of unstretching and unchanged portions of rubber band during

(o= 1= o U 1| 8 270 11T o TR 53
Figure 38. Residual axial strain study for catapult arm for five catapult launches........... b4
Figure 39. MatLab output of axial strain and moment strain with corresponding
theoretical results for a pult pullback angle of 180° and stopper angle of 125°............ 55

Figure 40. MatLab output of axial strain, moment strain, angular acceleration, and
angular velocity magnitude during the impact, wiettapult pullback angle of

180° and stopper angle Of 125 . ... ..o 56

Figure 41. Student responses for the MEA projects for Spring quarter.................ccc....... 60

Figure 42. Student responses for HW assignments for Spring quarter.......................... 61

Figure 43. Responses to the survey question A
Project .and. . Why. 2. 0. e 62
Figure 44, Responses to the survey question f
[ VAR] Project. . ..and. wWhy. 2.0 . e, 63

Figure 45. MatLab GUI at StartUp...........oeeeiiiieiiiiiieeee e e e e e e e e e e eens F-1

Figure 46. Angle dimension for vehicle traveling in southwest direction. The
arrow shown in blue represents the direction vector of the vehicle. The red

dimension indicates the corresponding angle..............cooiii i F-3
Figure 47. Usemput syntax for VAR GUL.........coooiiiiiiiiiii e F-4
Figure 48. Convention for entering peellision velocity...............ccccooeeeviiiieeeviineeeennl E -5
Figure 49. Convention for entering a fmellision increase in height....................ccoooeeei. F-5



Figure 50. Convention for entering a qrellision decrease in height..................cccvvnneenn. F-5

Figure 51. Convention for entering pasillision VEIOCity..............ccooeviiiiiiiiiieiiiiieees F-6
Figure 52. Convention for entering a pastlision change in height. (same as

o1z oTo] 11157 To] o) H PP PP PPSPPPPPTTN F-6
Figure 53. Input WindOW Prior 0 FUNNING-......ccuuunieeieiiii e et e et e e e eeeennenes F-7
Figure 54. Input window with calculated results...............cccovvmmimmmmiiiii e, F-8



List of Tables

Table 1. ROSter Of MEA TEAML.........i it e e e e e e e e e e e e e 7
Table 2. Total pre and post DCI scores for all MEA andM&A participants..................... 17
Table 3. Pre and post DCI scores for MEA and-NEA participants considering

only the DCI questions directly related to MEA topic (questions 18 and.2Q)................... 18
Table 4. Cases for 2 vehicle collisions where vehicles do not stick together post

4] 0= T PP 24
Table 5. Cases for 2 vehicle collisions where vehicles stick togetheingmestt.................... 24
Table 6. Summary of 12 repeatability tests for pullback angle of.72%...........c..ceieeis 39
Table 7. Comparison of experimental published value for catapuland

published elastic modulus for 0ak.............c..oiiiiiiieier e A8
Table 8. Supported cases for 2 vehicle collisions where vehicles do not stick

together POSIMPACT.........cooiiii e e e e e e F-2
Table 9. Supported cases for 2 vehicle collisions where vehicles stick together
101131101 0= Lox PP F-2

Xi



Nomenclature

C«

angular acceleration
normal acceleration
tangential acceleration
strain

elastc modulus
capacitancenficro-Farad)
force

angular momentum
secondmoment of inertia
mass

moment

stress

radius

gage factor

time

velocity

voltage

angular velocity

Xil



Introduction

The problem solving aspect efigineemg classes has always been an emphasis at Cal
Pol vy. With Cal Polybés fALearn by Doingo philos
fundamental engineering knowledge and design intuition. However, the current coursework
assigned to stuhts often omits exeises that nurtureeatworld analysis. Most textbooks
require students to have only a superficial understandinguatiegs and symboiswithout a
deep conceptual understandiBy implementing Model Eliciting Activitie$MEA) into the
Dynamics curricuim, we hoped to enhance student learning and overall student performance.

A Model Eliciting Activity aims to build solid engineering fundamentals for students by
requiring them to analyze ope&mded scenarios and apply appropriate analgsesy MEA
follows six principles: model construction, reality, generalizablility-asffessment, model
documenation, and effective prototype. By following these principles during problem
development, wensure that students are presented with a realistic -ci@rén problem which
solidifies engineering principles and is applicable towards other situa@ah®oly is currently
responsible for the development of Mechanical Engineering MEAs in NSF G2aink
#0717595 Collaborative Research: Improving Engineeringdseint s 6 Learni ng Str a
through Models and Modeling@ he overall goal of this grant include expanding MEA usage
into more universities and disciplines as well as analyzing the effect of MEAs on student
learning At Cal Poly, we have been working pririlaion developing MEAs for use in
sophomorendjunior level Mechanical Engineering courses. These activities are currently being
implemented intsome sections dngineering DynamicME212), Thermodynamsl

(ME302), and Thermal Systebesign (ME440)



In this paper, | will focus primarily on the Dynamics MEA development within the
Mechanical EngieeringDepartment at Cal Polyn particular, the vehicle accident
reconstruction (VAR) and catapult MEAs wile covered in extensive detail. The development
of these MEASs constituted a large portion of my workhe MEA research teanihis work
includesthe instrumentatio and interface of the catapudis well aprogramming of a MatLab
GUI (graphical user interfacédr the vehicle accident reconstruction ME

We propose thaaddingMEAs to the Cal Poly curriculum does in fact boost student
understanding of engineering fundamentélee MEAs have been evaluated every quarter
through student surveys and exam performance. Exam scores indicate a possilsie increa
student performance in the conaggtareas reinforced with MEAs. Surveys indicate that despite
the increased workload, students did in fact enjoy these prdpsstause of this positive
response, we have been encouraged to further develop the thi&tAgill be discussed in this

paper.



Model Eliciting Activities and Cal Poly

What is an MEA?

Model Eliciting Activities whichwere first started in the mathematics commuratg
teambased activities whicrequire students tanalyze reaworld, operendedproblems Figure
1 highlights the difference between traditional word problems and Model Eliciting Activities.
Traditionally, students are asked to solve problemaghematicallyand apply their solution to the
real world. In contrastMEASs require student® derive mathematical models from realistic

situations.

In model-eliciting activities,
Real World students make mathematical Model World

descriptions of meaningful -
S P : : g ,4?:-\ 7 ,.'?.x,"
\ situations. w [/ A VA
. ‘ -y . + +— |
{14 L “¥0e

In traditional word problems,
students make meaning of J )

A\

 yus e
..,;‘,/ '.‘ % s
2 N/ N
symbolically described
situations.

Figure 1. Difference between traditional word problems and Model Eliciting Activities.(Lesh, Beyond Constuctivism:
Models and Modeling Perspectives on Mathematics 2004, 4)

Il n a report from the Carnegie Foundati on,
Bl ueprint for Amer i ¢amihs aResdearri ch bUnilv eorfs irtiigen
presentedSome of these rights includé(1) Providing opportunities to learn throughout inquiry
rather than simple transmission of knowledge, (2) Training in the skills necessary for oral and
written communication, and (3) Preparing students carefully and coenmekly for whatever
may lie beyond graduatior{Boyer Commission on Education Undergraduates in the Research
University 1998, 12)The goals of MEAs are closely aligned with these righitsl are reflected

in its six ginciples.
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The following are thsesix principles that every MEA should follgwvhich providesan

t r guddline fodpsoblem developmefgelf 2007) Each one of these principles serves

to promote a more applicable typelearning for students hesesix principles are summarized

below

1.

The ModelConstruction Principleequires students to develop a mathematical system as

a deliverable to an indicated client.

TheReality Principlerequires the activity to be set in a lisat engineering setting, and

allows students to connect their rearld experience to the problem. Students should be
allowed and encouraged to make realistic assumptions based on their existing knowledge.

The SelfAssessment Principllows studentsot evaluate their own work and revise

their models accordingly. Students should be encouraged to test their models and
improve them for their client. They should also be ablassessvhen their work is
complete.

The Model Documentation Principkequiresstudents to carefully detail their process in

developing the modeTypically this includes a memo to their client describing a
walkthrough of their analysis. This allows both instructors and students alike to see a
logical progression of the model, andsi&e the thought process behind-rom this,
instructors can more easily identify any areas of difficulty students have.

The Generalizability Principleequires students to develop models that have a value

outside of a specific scenario. These modelsishbe easily modified and applicable to

similar scenarios outsid# the ones that were assigned



6. TheEffective Prototype Principleequires that the developed models have an intellectual

significance and impact on the future professional lives of stad&he models should

provide for a useful mental foundation to interpret similar situations in the future.

MEAs go beyond theommonly requested numerical answers that are so commonly
asked from studentBor most problems or exercises that are presentextbooks, the student
is merely required to reproduce a brief answer to a question that was formulated b{iet$ters
Handbook of Research Design in Mathematics and Science Education 2000,H9dgsults in
only a superficial understanding of the materighe student disregards his process and focuses

instead on if his answer was correct.

Difference between MEAs and Traditional Assignments

|l nstead of basing |l earning bBAsteduee Acorrect
students to focus on timeethodhat they use to arrive at their solution. The description,
explanations, and constructions are not simply processes that students go through in order to
produce final answér they are the most important aspettheir analysigLesh, Beyond
Constructivism: Models and Modeling Perspectives on Mathematics.28i@4g these activities
are also team based, students are also exposed to working in small groups. In this team
environment students are expected to eloquently share their ideas with other members, and work
cohesively to produce a working model.

As will be discussed in further detail later in the paper, the VAR and catapult MEAs were
evaluated not primarily on correctnessacdtudent e a fimnél answer, but on the thought
process that they carefully documented through the project. By requiring careful model
documentation, we were able to more easily identify student misconceptadiosing

instructors to allocate more tinbe areas of student difficulty.
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History of MEAS

The concept oModel Eliciting Activitiesis not a new oné problem based learning
(PBL) has existed since the 1960s, and has garnered much support from educators. A PBL is
defined asianinstructional larnercentered approach that empowers learners to conduct
research, integrate theory and practice, and apply knowledge and skills to develop a viable
solution to a defined problaniSavery 2006)Problem based learning sharegraat number of
similarities with MEAs. These similarities include realistic problems, egreded tasks, higher
order thinking, seftirected learning, selissessment, group work, and structure of the problems
(Chamberlin 2008)

Because of these similarities, several parallels can be drawn from PBL to MEAs.
Although the large variations in the practicing of PBLs make the analysis of its effectiveness
difficult, one of the most widely accepted findings is that PBL promotesiy@mstudent
attitudes(Prince 2004)In our own experience, we have found that student attitudes and
performance have been improved by implementing MEAs at Cal Poly. In addition to this
positive benefit on students, MEAs setth a solid structural framework, which is used as
criteria for instructors to develop new MEAs. Although not much data on MEA effectiveness is
currently available, this framework provides a unified guideline so that MEAs across universities
can be compad. In this manner, correlations between student performance and MEA

implementation can be more easily drawn.



Research Team

The Cal Poly MEA research team is paraddur-year effort by a team of researcher
from sevenuniversities. These researchat#ize previous mathematics MEA developmesta
foundation for undergraduate SWEcurriculum and assessment for enginee(taglf 2007) At
Cal Poly, the goal is to develop new Mechanical Engineering MEAs for implementatton i
either laboratory activities or-olass projects.

The MEA research team at GRoly currentlyconsists of a combination of professors and
students. The past and current participants are listed in the following table. Every week the
MEA team met to dicuss future and present MEAs. This entailed discussing the implementation

of current projects, student difficulties, and potential future projects.

Table 1. Roster of MEA team.

Academic Year
Name Position 20072008 20082009
Brian Self Professor Fall, Winter, Spring | Fall, Winter, Spring
Andrew Kean Professor Fall, Winter, Spring | Fall, Winter, Spring
Jim Widmann Professor Fall, Winter
Lawrence Fong Graduate Student Fall, Winter, Spring,
Summer

Teresa Ogletree Undergraduat&tudent | Summer Fall, Winter
Lora Powers Undergraduate Student Fall, Winter
Frank Schreiber Undergraduate Student| Spring Fall, Winter, Spring
Annamarie Usher Undergraduate Student Spring
Rosalie Mangione Undergraduate Student Spring




Cal Poly andMEAs

NSF CCLI Grant #717595ists Cal Poly as the prime on developMgdel Eliciting
Activities for Mechanical Engineering:his entails developing MEAs in common disciplinary
topics such afluids, thermodynamics, energy conversion, heat and massetramgchanics,
and structural analysis, in addition to machine deggif 2007) Of these possible topics, we
chose to start with ME21Decause ihasa very broacgngineering student population and is also
a very problemad class in terms of fail rate.

It is also one of the most demanded cla$sas to9 sections of oveBO students each are
taught each quarter. Nearly all engineering majors are required tMEkE2 during their career
at Cal Poly, resulting in a vediverse group of students within each class. Future MEA
developments are also targeted at these sophelew@kcourses because thegve a broad
audience and can be easily distributed to other engineering universities for use in their
curriculum.At Cal Poly, theMEASs we have generatdvefollowed this basic structure
Instructor Provides:

1 Some background information is provided using a current news excerpt or he@dime
makesstudentsinderstand the significance of their efforts and allows themttthpir
analysis into a realorld context.

1 Aclientrequests the students to develop a procedure for solving a particular engineering
issue. This is typically set in a professional tonesing a company memo.

Student Provides:
91 Detailed methodology taotve the engineering problem
1 Supporting calculations to demonstrate the application of their engineering process.

1 Summary in memo format.



MEASs in Cal Poly Dynamics Courses

Cal Poly lists ME212, AEngineering Dynamic
concepts of velocity, acceleration, relative motion, work, enenggulse and momentumAs
mentionedoreviously MEAs were first implemented in this class because of its high failure rate
and broad student populatidn.n Ca | Pol yos ( elksrstudents oftey strigglen o f 1
to fully understand each of these concéptssulting in poor performanc8ome professors
indicate failure rates of approximately-35%.

Instructors from other universities alsbservedhis problem and attempted to comlibat
in different ways. For example, in Worchester Polytechnic Institute in Massachusetts, instructors
integrated the use of LEGits into an introductory Dynamics course. Students were required
to develop models to describe the kinematics and kinetiadiokage. Since a major difficulty
of learning Dynamics is caused by the lack of a physical model, this-bargsproach was seen
as a great tool for learnir(dolley 2003)

Anot her exampl e i s Grsxatapubdésigh toatgst. ieteat e Uni v
students were required to design and build a catapult to clear a vertical height and hit a target at a
specified distancéReffeor 2002) This required selection of materials, springs, andcstag

calculationsShown inFigure2 is a studenbuilt catapult from the competition.
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Figure 2. Catapult built by Grand Valley State University students.

Students aGrand Valleywere critiqued ontte correlation between their theoretical
predictions and the actual results. As will be discussed in the Catapult section, the Catapult MEA
at Cal Poly was similar to this project. Howevstead of requiring students actuallybuild
the catapult, we istead focused atine development of the theoretical model and the comparison
to the physical result®Ve have found that MEAs can be very time intensive, so simpler MEAs
that convey the same idea can be beneficial to students and teachers alike. Inriais mare
subject matter can be taught with a wider variety of projects.

Our overall goal wat motivate students by providing a realistic project with the VAR
MEA and a very handen project with the Catapult MEA. By doing so, we hoped to see

increasedstudent performance and willingness to learn.
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Vehicle Accident Reconstruction

Application of momentum principles is one of the fundamental concepts introduced in
early physics courseand solidified ifME212 Because of studenet sd pr e\
topic of momentum, and its direct applicability toward +wafld scenarios, we developed an
MEA to further solidify this concept with students.

The vehicle accident reconstructiproject(VAR) was the firstMEA that was developed
by theresearchieamat Cal Poly. During thé&ll quarterof 2008 with the newly assembled
team, the VARMEA was refined and assigned to the first dynamics clssclient of this
MEA wasa Sri Lanka polie statiorwhich wasdeveloping an investigation protocol to
determinefault in vehicular collisionsWe chose this particular context in the hopes that it would
capture the interest of students by including engineamadysiswith a meaningful social
impact.

Listed in the following figures are the background informatiad memorandum
handouts given to students. The background information serves to provide students with
preliminary information, pertinence to current events, and importance of their anahgsis.
memorandum presents a cligdriven problem in a professionanei setting up students to

appropriatelydeveloptheir model.

11



Vehicle Accident Reconstruction Project

Background:

* 51 Lanka Police Department plans o set up police stations in recently

{:agtureﬂ dleds
Saturday, September 13, 2008, 6:23 GMT, ColomboPage Mews Desk, Sn Lanka.

Sept 13, Colombeo: Sri Lanka Police Department has planned to set up police
stations in recently captured areas and the territories to be freed from Tamil
Tiger rebels, police chief, Inspector General Jayantha Wickramarathna
announced.

The Police chief said that a large number of new police officers would be nesded
to man these new police stations that would be et up from Mannar to
Mullaitivu. New recruitment has zlready commenced amidst positive response
from the society, he said. The Inspector General of Folice revealed these facts at
a function held in Colombo yesterday to launch a programme to improve the
productivity of the police service by 2009

Excerpt from Introduction to Forensic Engineering by Randal Noon
Vehicle Accident Reconstruction

The reconstruction of vehicle accidents can be a very difficult task. In most cases, the engineer will ba
askad to reconstiuct the events of an accidant long after the aceident has ccowred. Sometimes, the
actual accident scene will be prohibitively far away from the engineer or will have changed by the time he
15 given the reconstruchon assiznment.

Felving upon the often conflicting mfermation provided by witnesses or the accident participants can be
confusing and misleading. Often, the witnesses will report their own conclusions and opinions mnstead of
objective observations; sometimes the accident participants will knowingly or unknowingly lie about the
events. Under these circumstances, ebtaining factual informaton with which to woirk can be oymgz.

However, the engineer will nsually have the following reasonzbly chjective mformation available to
hime at the outsat:

1. The police accident report. The police repert will contain the usual basic Identification
mformation of the accidant participants. It will also note the position of the velucles after the accidant
as found by the police, the location of skid marks, the point of impact, the zeneral layout of the scene,
weather and conditions data, and the general travel pattemm of the velicles before the aceident.

2. Photographs of the damaged vehicles, This iz usually available from the inswrance companies
wvolved or thew adjuster agents. Thevy are used mw evaluating insurance compensation to the accident
participants.

The engineer may be asked to provide information or opimons about many aspects of the case,
including scme that are not related to the mechameal collision events. However, the engineer is nearly
alwavs asked to determime the mitial velocities of the velucles.

As disenssad in the attached meme, your team will solve two different accident scenarios and provids a
step-by-step approach for a.ccidept reconstruction. Upload a draft step-by-step approach to the Digital
Dropbex on Thursday, Apnl 237 by SPM. At that time, two new scenarios will be posted. You will then
apply your step-byv-step approach to solve these aceidents. Yeowur final tmm-m with an analv=is of all four
accidents, vour step-by-step procedure (which can be modified from vour Thursday submission) and vour
cover memo are due on Monday, April 27

Figure 3. Background information provided for VAR MEA.
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Memorandum F R

%
5 x

) ) —_— Mhep ik

Tex Forensic Engineering Team ey,

Fram: H. M. B. 5. Kotakadeniya, Senior Deputy Inspector General of Palice, A ohia

5 Lanka Police Service
RE: Traffic Accident Reconstructon Protocol
Priarity: [Urgent]

Since 2003 your country has been providing azsizstance roward development and economic
ctabilization here in 86 Lanka. Relationt have gotten even cloger with the invaluable help we
received following the devactating tsunami in 2004, As a recult, we have been able to becoms an
important figure in the fight againet terror in South-Cenrral Asia,

Ac vou may already know, the 5ri Lanka Police Service hag recently launched a new programme to
update and modernize the service we provide to the public. One key area for improvement iz in the
Traffic Police Divicion. Thie divicion waz establiched in 1933 to azsict in malking decisions on traffic
policies and implementing them. Every currently exizting station maintaine a traffic branch, bur the
growing number of dovers on the izland and cur intention to build new statione demand that we
immediately Improve our accident investigation protecol. I am charging vou with the tack of
compiling a new cet of forenzic engineering guidelines that can be used in thic divicion.

A the moment the main focus of thiz tack iz to develop a procedure for determining if a dover has
viclated the speed limit, Our officers must often decide whether a percon mav have been cpeeding
immediately after they are called to the scene of an accident. We need to have a step-by-ctep
procedure for the 1L1.teen.gs.n:-1 to uze when he/che arrives at the ccene of an accident. Pleaze include
parameters that the officer chould record, ac well az an easy-to-use guide on calculating an estimate
of the inirial speeds of the vehicles involved. In addition to thiz step-by-ctep accident invectigation
proiecol, please provide me a cover memo describing vour overall approach.

My officers will provide you a set of two abridged incident reports thar are characteriztic of typical
accidente that we regularly investigate — pleace refer to our online site on April 18. 2009 for theze
reports, For legal reazons, sections of the reports have been omitred and the names of these invelved
have been replaced. In each report you will find a general description of the accident followed by
more detailed information pertaining to pozeibly relevant parametere in the accident. In your cover
memo, pleace diccuss yvour conclusions regarding thece rwo accidente and any additional incidents
that my officers may forwrard to you (detailed analyziz can be provided in an appendixj.

I am confident that your team will excead our expectations.

& .4:-\_’_..:&.'£Q:u.-.'-r.
H. ML BE. . Koukadeniya

Figure 4. Memorandum provided for VAR MEA.

The main deliverable from the VAR geat wasa tool for police officers to determine if
vehicles were violating posted speed linptsor to collisionsWi t h t he hel p of Ter

father, whowas a police officer, we were able to provide problem statements in the form of
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actual polie reports.Studentsverefirst presented with two out of the four cases. With these
two cases, thegievelogda generalizable model to determine which vehiddsii at f aul t 0 f c
each collisionStudents then appd their model to two more scenaridgheycould thenrefine
their models to adequately represent the new cases if anything was previously [Beising.
resuledin a model thatvasnot only applicable to certairases, but to crashes in general.
Figure5 showsan examp# of one of the cases, whidl of the cases am&tached iMppendix A
throughAppendix E

While applying their models to each case, studeeterequired to provide a detailed
explanation of alequations, assumptions, and procedures usedalldwged the MEA team to
easily follow their thought processes, and to identify @mymon mistakes.

Most students provided a typed sheet with a method to determiuegsievelocities.

However,some studetsdecided to use MatLab scripts or Excel spreadsheets
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INTRODUCTION

Oa Thursdn 5, 8 traffic callizion

Figure 5. One of the cases assigned for the VAR MEA.

The main purpose of the VAR project was to provide a meaningful exercise for students
to use impulsanomentumandwork-energyprinciples One of the most common student
misconceptions is applying the conservation of mechanical energy through an impact. Through
the VAR project, we hoped that students would recognize that they shetdddapply
momentum principlesotfind initial velocities.As will be discussed, theseemed to have a better

understanding of momentum and impact principliter completing the MEA

Changing student misconceptions
In order to gage the effectiveness of the VAR project, we comparedytianiics

Concepts Inventory (DCI) scores from classes that used the project versus classes that did not.

The Dynamics Concepts Inventory is a set of 29 conceptual multiple choice questions related to

15



the fundamental concepts presented in the Dynamics c@brag 2005) The following
statistics are takenfroml s Ther e a Correlation between Conc«
Procedural Knwledge in Introductory DynamiasLora Goodwin a member of our research
team,submittedthis pape to the 2009 ASEE PSW conferen@oodwin 2009) The following

table displays th®CI performance of students that have been exposed to MEAS in their

coursework along witthosewho had no
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Table 2. Total pre and post DCI scores for all MEA and nonMEA patrticipants.

Overall Overall
Post Average Average
Pre DCI DCI Normalized Percent
Results | Results Gain Improvement
N Value [%0] [%0] [%0] [%0]
Mean 29.85 49.97
MEA in -
Coursework 149 | Median 27.59 48.28 29.6 20.11
Standard Deviation 14.55 17.20
Mean 32.97 46.64
No MEA's in -
Coursework 80 | Median 31.03 | 44.83 21.1 13.66
Standard Deviation 14.19 18.33

As shown inTable2, ahigher normalized gain is present for students that had been

assigned MEAs in their coursework. However, to highlight the effect of the VAR MEA itself, the

two questions from the DCI relating to impact and momentum were studied. The questions are

shown inthe following figures.

Question 18

Animpact occurs between two identical wooden balls that are sliding on a frictionless horizontal surface.
The impact is non-ideal, that is, the coefficient of restitution is greater than zero and less than one. Which
of the following statements is always true.

(a) The sum of the kinetic and potential energy for each individual ball, before and after the impact, stays
the same.

(b) The sum of the kinetic and potential energy for each individual ball, before and after the impact,
decreases.

(c) The potential energy of each ball decreases during the impact.
() The kinetic energy of each ball decreases during the impact.

(e) The sum of the potential and kinetic energies for the balls taken together decreases during the impact.

Figure6.Questi on 18 of the DCI testing students?o
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Question 20

hill.

(a) Block B will stop somewhere on the horizontal section.
(b) Block B will go higher than the inital height of block A.
(c) Block B will go exactly the same height as where block A started.
(c) Block B will go to a lower height than the original height of Block A, then start sliding back down the

A wooden block A is released from rest, slides down %A
the incline and hits an identical wooden block B at the
bottom. After impact, the blocks do not stick together
and both have non-zero speed. The surface on which
the blocks slide is frictionless. After they separate, how
far up the second hill will block B travel?

(e) Impossible to tell without knowing the mass of the two blocks.

Figure 7.

Table3 highlights the performance @ClI questios 18 and20. Students who had MEAs

in their coursework had an average normalized gain of 41.1%, compared to 14.8% for students

Question

20 of

t he DCI

testi

ng studentso

with no MEAs in their coursework. One can conclude that the MEAsmidct, have a

significant performance on the topic covered.

Table 3. Pre and post DCI scores for MEA and noAMEA participants considering only the DCI questions directly related

to MEA topic (questions 18 and 20).

Mean Mean Average
DCI DCI Pre | DCI Post | Normalized | Normalized
Question Score Score Gain Gain
Number [%] [%0] [%0] [%0]
MEA in Coursework Q18 26.7 45.6 25.74 41.1
Q20 47.6 77.2 56.48
No MEA's in Q18 19.1 32.2 16.18 14.8
Coursework Q20 50.9 57.5 13.37 )
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Table2 shows overall student performance on the entire B@idents with MEAs$n
courseworlkstill had a higher overall average normalized gain than those withieAs in
coursework However, when compared to thermalizedgain only for questions 18 and 20
shown inTable3, thegain is much smaller. This shows that students performed much better on

the concepts that did have MEA reinforcement.

VAR Time Commitment
Oneof the greatest challenges famplementing the VARproject was the time involved

for both the teachers and the students in the MEA team. Developing the poaisiesequired
producing a new solution for every new case. Because the assignments were modified for each
quarterlyME212 class, this required making a new solution set every time the VAR was
assigned.

Contrary to Scott Chamberl inds fAHow Does t
Compare to the Moddtliciting Activity Approach in Mathematic®2ve foundthat the
implementation the ofthe VARMEA t ook significant-2hpourd onger th
requiHoevew.er, Chamberlinés interpretation of t
applicable to the engineering environmsimice engineering MEAs that we have developed were
much more complexFor example, some MEAs that require only a basic statistical analysis can
be conducted in less than a single class period. However, in our case, students and instructors
must dedicate much more time deriving and interpreting these modekheFVAR MEA,
students worked several hours outside of the allotted lecture period, armd¢hecheam spent

overtwentyhours gradingpproximately forty tursins.
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VAR Mat Lab Development
In order to reduce some of this worklofd instructors | developed a MatLab code that

would automatically sek for precollision velocities. By having this program available, we

could easily change the parameters of our VAR cases and instantly have a sgpmddiion. |t

also greathaidedin the development afew cases we couldcheck and modify values to yield

realistic solutionsThe MatLab programand supporting user gui@geeshown inAppendix Fand

Appendix G. The overall goal was to have ane#és-use program for the VAR MEA

development, which could be distributed to universities that were interested in using our MEAs.

Because of this, the program was revised and rewritten several times to promote ease of use.
Thefirst version of the VAR Mathb program was a lirey-line user input scripfThe

input-window version is shown iRigure8 below. Although functional, this linby-line script

lacked the amount of functionality | wanted for a program that would be disttibmierange of

universities. It proved very cumbersome for the team when we attempted to use it to solve our

own cases. Another large issue we encounteredhawhen we made any error in typing

values in, we were unable to correct our charigasteadwe had to terminate th@ogramand

reenter all the parameters again.
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(CommendWindow
R N A N A A N A A N A A A AN A A A A A A A AR AR A AR A AR AR S

Welcome to the Z Vehicle VAR Developer, created by Lawrence Fong

R N A N A A N A A N A A A AN A A A A A A A AR AR A AR A AR AR S

Please indicate the type of Dynamics Problem

by typing 1 or 0 to the following questions

When prompted, pleass enter magnitudes in closest tenth

and direction in degrees, Odeg implies north, 90deg-=ast,180deg-south ste

==IMPORTANT== "Initial Velocity" implies wvelocity BEFORE skidding / change in height

Input mass of wehicle 1: 500
Input mass of wehicle 2: 500

Input coesfficient of friction: .5

Input gravity: 9.8

———————— This section classifies the problem type / skid distances---————-—-

Is an impact involwved? [1. Yes, 0. No]l 1

Do wehicles stick together? [1. Yes, 0. No] 1

What is PO3T-collision skid of 2 wehicles together? 2

What is PRE-collision skid of wehicle 17 1

What is PRE-collision skid of wehicle 27 1

———————— This section records known changes in potential ensrgy—-—-—-—---——-—

Is a change in potential ensrgy present?[1l. Yes, 0. No] 1

Enter POST-collision change in height for stuck wvehicles: 1

Enter PRE-collision change in height for wehicle 1: 0O

Enter PRE-collision change in height for wehicle 2: 0O

———————— This section records known initial wvelocities--——--———-—-

Is the PRE-collision wvelocity magnitude of wehicle 1 known?[1l. Yes, 0. No] O
Is the PRE-collision wvelocity direction of wehicle 1 known?[1. Yes, 0. No] O

Is the PRE-collision wvelocity magnitude of wehicle 2 known?[1. Yes, 0. No]

Enter the PRE-collision wvelocity of wehicle 2: 20

Is the PRE-collision wvelocity direction of wehicle 2 known?[1. Yes, 0. No] 1

Enter the PRE-collision welocity direction of wehicle 2: 20

———————— This section records known final velocities—-—--—--——-

Is the POST-collision welocity magnitude of stuck wvehicles known?[1. Yes, 0. No] 1
Enter the POST-collision wvelocity magnitude of wehicles: 20

Is the POST-collision welocity direction of stuck wvehicles known?[1. Yes, 0. No] 1
Enter the POST-collision welocity direction of wehicles: 45

R N A N A A N A A N A A A AN A A A A A A A AR AR A AR A AR AR S

—-—-Initial Velocity Unknowns are:---—-

Initial velocity magnitude of wvehicle 1

Initial wvelocity direction of wehicle 1

—-—-Final Velocity Unknowns are:----

Number of unknowns are: 2

Figure 8. Input-window for VAR development program.

Because of these issues, | decided to reprogram the script into a GUI format. Although
the code itself bmame a bit more cluttered, a GUI was far more intuitive to use. Revision 5 of
the MatLab GUI is shown iRigure9. This program allowed testing of VAR casaachmore
quickly i errorscouldbe corrected easily, and all parametarsldbe inputted before the

calculation codexecuted
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B VAR_GULRS L]

— Problem Specification

Coefficient of Tire Friction 0

Gravity (mis"2) 981
“ehicle 1 Mass (ko) [u]
Yehicle 2 Mass (ko) 0

_1 Wehicles Stick Post-Impact?

— MOTE:

There can be & maximum of 2 Unknowns.
Mumber of Unknowns: #

This program only solves for intial velocities of the vehicles
One or more of the unknowns must be the initial velocity.

— Pre-Impact and Pre-Skid f Energy Condition:

Enter “elocity in (m/fs), Direction in Degrees

Initial Wehicle 1 Welocity Unknown
Initial “/ehicle 1 Direction Unknown
Initial Yehicle 2 Yelocity Unknown
Initial Yehicle 2 Direction Unknown

— State change in energy conditions that occur

“ehicle 1 Change in Height (m]) a
“ehicle 1 Skid Distance (m) o
— Instantaneous Pre-Collision Yelocities
“ehicle 2 Change in Height (m]) a
Post-Skid&Height Wehicle 1 Velocity K
“ehicle 2 Skid Distance (m) 0 Paost-Skid&Height ‘ehicle 2 Velocity w0

— Post-Impact and Post-Skid f Energy Condition:

— Instantaneous Post-Callision Yelocities

— State change in energy conditions that occur Pre-SkidaHsight Vehicle 1 Velocity o

Final Vehicle 1 Velociy Unknown ehicle 1 Change in Height (m) i} Pre-Skid&Height v ehicle 2 ‘elocity xx

“ehicle 1 Skid Distance (m) Pre-Skid&Height “ehicle 152 Yelocity e
Final Yehicle 1 Direction Unknown o

— Result:
Firal Yehicle 2 Yelocity Unknown “ehicle 2 Change in Height (m) [u] _) Velocity vector plot?
Final “/ehicle 2 Direction Unknown Wehicle 2 Skid Distance (m) 0
Clear All Calculate!
Final %ehicle 152 Yelocity Unknown “ehicle 142 Change in Height (m) [u]
. . Clear Solution

Firal %ehicle 182 Direction Unknown “ehicle 142 Skid Distance (m) a

Figure 9. MatLab GUI for VAR MEA development.

Figure10 shows the output of the GUI program when the velocity vector plot is
requested as an tmwt. This vector plot indicates the instantaneous velocities immediately before
and after an impact. In the case shown in the figure, vehicle 1 is traveling northbound, while
vehicle 2 is traveling eastbound. The two vehicles collide and stick togetbeltjimg in a post

collision velocity in the northeast direction.
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