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Abstract: This workshop aims to demonstrate howlitaeker Video Analysis and Modeling Tool engagambles and
empowers teachers to be learners so that we cleadhers in our teaching practice. Through this whdp, the kinematics of
a falling ball and a projectile motion are explortesing video analysis and in the later video madgeliVe hope to lead and
inspire other teachers by facilitating their expades with this ICT—enabled video modeling pedad8ggwn, 2008) and
free tool for facilitating students-centered actigarning, thus motivate students to be more sedeted.
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Figure 1. Scaling to Practice framework (MOE, 2010a, p. 23ped to
include world wide web WWW resources like Tracked @lobal
professional communities like Open Source Physics.

In support of the third masterplan for informati@nd
technology (ICT) in education vision of “Harnessih@QT,

Through this 75 minutes workshop, we aim to makaraw
to fellow physics educators the technological aedggogical
affordances provided by Tracker for supporting pteachers
to scale this practice in their own classroom(s).

Il.  INSTALATION, RUNNING OFTRACKER AND CONTENTS
OF WORKSHOP

Tracker is a free video analysis and modeling bodlt on
the Open Source Physics (OSP) Java framework. The
recommended installation method is to use the otispe
version 4.05 available at
http://www.cabrillo.edu/~dbrown/Trackedepending on the
operating system of the computer, though it is plsssible to
run from the Webstart. Readers may find this Youelvidleo
(Wee, 2010b) that shows how to get the Trackeriomer3.1,
download and use it. There is a slight differeneavieen the
current version 4.05 and 3.1 but the YouTube vicadd still
be useful.

All curriculum, professional development and ICpgart
materials of the workshop are available for dowdlaad use

on the author’s blog
fohttp://weelookang.blogspot.com/2011/05/video—anstys
pedagogical leaders (MOE, 2009b), this workshopsain —&nd—modeling-tool—for.ntm(2011) for mass adoption and
demonstrate how the Open Source Physics (Christiat)) —adaptation to scale this ICT enabled practice.
community engages, enables and empowers (Romeé) 200
teachers to be learners so that we can be leadeuri
teaching practice. Workshops (Lee & Wee, 2011; Wee, In a free falling ball motion equation (1) repretseits
& Chew, 2010; Wee & Tan, 2010a, 2010b), lesson gkesn motion and equation (2) is the parabola fit equmtar which
in The ICT Connection portal (Goh et al.,, 2011gL&ee, the coefficients are equated, to derive the nurakvialues of
Cheng, & Tan, 2010) and mass briefing (Wee, 201@k  the quantities such as acceleration in y directigrand initial
conducted by the authors and others in a teachdr-le velocity of motion iny direction,y.
approach towards scaling of practice as in Figuraith

Transforming Learners” (MOE, 2009a, 2010a) andnadigth
teacher leadership in professional development

I1l.  KINEMATICS OF AFALLING BALL

meaningful use of Tracker as a pedagogical toole Th 1, 1)
pedagogical strength of the Tracker program islliow y=Zayt+uyt+0

students to create simple dynamic particle model{s3 video

clip that we argue makes learning connected tblifeaand

powerful as it provides a mechanism to progresgivel y= a*t?+b*t +c @)

triangulate their understanding through the videodeh
pedagogy (Brown, 2007, 2008, 2009, 2010).
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In Tracker's video analysis of the vs t graph, after B

choosing the parabola fit of equation (2) , theapsater are Model: © constant g Stm@g;'
determine by the Tracker softwareaas — 4.844pb = — 0.28 Parameters =
andc = — 0.001. By comparing the equation (1) and {29, jﬁ\ oo
1 — _
students can infer the values efay = — 4.844, thusly = — - Mame }1 Gopresslon |\
5 _
9.688m/<, uy = — 0.28m/sandc = — 0.001m respectively. initialValues _
The valueay = — 9.688 m/scan be interpreted to be Name Expression {11
° . LT . t 0.0
approximately equal in value to the gravitatione¢ederation X 00
constant at the surface of Earth of — 9.81%r(8ssignificance v 0.0
figures, used in Advanced Level) and —10(@ssignificance VX 1.77
figures, used in Ordinary Level). vy & =

This activity is well suited to redesign ICT based Figure 2. World view of a projectile motion with real dat@d) versus the
pedagogy due to its ability to allow student toufig out the constant’x model (pink) on the left and the model buildewot 1.77 on
physics of motion through a real world video, witho the right.
referring to the authoritative sources of knowledgeh as T d
teacher(s) and books. Model: - fx=10 |+ start| 102

A good teaching point that surfaced would be the S V1V
appreciation of systematic error possible from dhkbration
stick error, and random error from the measurenamt
selection of the points of the path of the motiexperienced
while in the act of being a scientist (Dewey, 1958)

u.u -
| 0.0
VX 1.77
vy 0.0
[

Force Functions.

Add || Copy | cut |
Name | Expression
100
0.0

IV. PROJECTILEEQUATIONS AND ITSMATHEMATICAL

DYNAMIC MODEL IN TRACKER Figure 3. World view of a projectile motion with real dat@q) versus the
In an ideal projectile motion equation (3) and (4) fx=10 N model (teal) on the left and the model krildalues ofix = 1.77
represents the motion under constant acceleration. andfx = 10 for this incorrect model on the right.

Novice students also have little means in typical

(ij:(uxj{axjt (3)  classroom settings to understand why in projectietion,
vy) uy) (ay there is no acceleration in the x direction whaxe= 0 m/<,

confused by their prior knowledge perhaps from resvof

propelled projectile motion like rockets. Similarlyy keying

x) (ux) 1(ax in for thefx # 0 N when mass of projectilen = 1 kg, the

( J=( Jt +( jtz (4) students can observe paths similar to Figure 2famplefx
y) \uy) 2\ay = 10 N and compare the real data (red) versusfth@0 N

model (teal) to be not the vertically projected deward

_The dynamic particle model is selected as it is emor:shadow’ of the real data, thus this incorrect modenot
suitable for this projectile motion instead of taealytic  representative of the real motion.

particle model as more complex drag force affectexdion _ _ _ o
can be more easily modeled and be compared toittew.v B. The increment experience of video model building

Readers may find this YouTube video (Wee, 2010€fuls We have used Tracker with our students and initial
that shows how the same process of building a dimamfindings suggest that this kind of video modelireglagogy is
model on the same projectile motion. suitable for active and deep learning becausettliiests can

A. Initial velocity in the x—direction & no x—directicforce be said to be predicting by keying certain valedserving by
in projectile motion compare the rgal data with the current proposedel‘nemhd
] ) explaining (White & Gunstone, 1992) by choice ofues and
Novice students generally may not fully apprecitite |inking to the video analysis data. Even with imeat models
meaning of constant velocity in the x—directionpsbjectile  input in, the results from the world view and asatecl
motion as imply in equation (3x) and (4x) whea= 0m/$.  multiple representational views (Wong, Sng, Ng, &eaV
We suggest an activity where student key in valeeshe  2011) in various scientific plots can allow theiligation of
initial velocity vx in the dynamic model and observe the realdata driven social discussions (Chai, Lim, So, &&lh 2011)
data (red) versus the constant model (pink), and make among students and teacher(s). A possible comptetet| is
sense for themselves that instantaneous velocigqigl o shown in Figure 4 by trial and error, notice thd' #&me is
1.77m/sat all times of the projectile motion as in Fig@re slightly off from the real data but is somewhatsel@nough.
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Figure 4. World view of a projectile motion with real datz) versus the

correct model ofix= 1.777m/s vy = 2.418m/sandfy = —10.328m/¢ (light . . Parameter Value
blue) by a largely trial and error approach to videodeling. AR e d A P F e = 5.062
i e b 2.393
m‘ Fit Equation:y = a*t*"2 + b*t + ¢ Ic 2
Plot @ Fit UStatistics CICoordinates CSlope CArea Data Buil  Figure 6. Data tool display real data mass yAversug view where

parabola fit equation of = a**t +b*t +c is used with parameteas= —5.062,
b =-2.393 and ¢ = -0. By comparing with equation) (#ys determine that
10 ay = —10.124m/¢ andvy = 2.393m/srespectively.
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Figure 5. Data tool display real data mass_A of theersug view where a
line fit equation of = a*t +b is used with parameter= 1.759 and = —
0.008 as determined using Tracker. By comparing @dfuation (4x), it is

determine thagx = 1.759m/s.
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Figure 7. World view of a projectile motion with real datz) versus the
correct model ofx = 1.759m/s vy = 2.393m/sandfy = —10.124m/$
(green) by a video analysis data driven approaefidEo modeling.

C. Using of analysis data to support choice of model As in our model. it is assumed that the 1kg, thus

building by Newton’s Second Law in equation (5fg) = —10.124N.
Here is where we highlight to the students thatwideo
analysis data of the same projectile motion (notaitéel fx ax
before) can be used to create a very accurate mgelound ( j = n{ j ©®)
that students can have strong emotional resporsebey fy ay

didn't realize the analysis part was intended tovalfor a ) _ )

means of data checking, that we hope can creator@ m Figure 7 shows a more precise model with the values
lasting long-term memory effect on their learnigour data determined from video data analysis as th® ftame shows
analysis, we determinex= 1.759m/sas in Figure 5 andy=  the real data and data driven model to match Viesety.
—10.124m/< as well asry = 2.393m/sas in Figure 6.

D. Modeling F = k*v and/or k1*%to support the absence of
air drag

Expert students can be challenged to extend their o
learning (MOE, 2009c) to model air resistance arel b
convinced by the video model and real video thatwideo’s
projectile motion cannot be realistically assumedbe a
motion with significant air resistance. The model fair
resistance may be expressed as in equation (6pwaith=k*v
and/or k1** depending on the model of air resistance
equation assumed.
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Figure 8. World view of a projectile motion with real dat@¢) versus the
air drag model byrdrag = k*v by inserting’x = 0-k*vx andfy = -10.124 —
k*vy (yellow) on the left with the model builder valuas the right.

fxdrag A VX (6)
fydrag) \vy) vy

V. CONCLUSION

The video data analysis of a falling ball motiorxplored
can allow students to self direct (Tan, Shanti,, T@rCheah,
2011) the learning and discover an accurate vatuettfe
gravitational constant of — 9.81 rii/s

This video modeling pedagogy is an active and fay
understand physics of projectile motion that wewte have
transform physics education (Weiman & Perkins, 2086ur
teaching and learning ideas in video modeling &yklighted
and our initial research findings suggests thidccbe a deep

pedagogical (MOE, 2010b) tool especially when video

modeling (Brown, 2008) is combined with initial deio
analysis due to the data checking from the videaeho
building process supported with the video analgtais.
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