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Project goal

Study undergraduate students’ learning in laboratories
that make use of microcomputer-based lab (MBL) and
digital video capture and analysis (VBL) tools

Focus: conservation of momentum and energy
In collisions



Previous research

Student perspective:

- cause and effect (transmission from one body to
another)

- time development (need to analyze what happens
during collision)

N. Grimellini-Tomasini et al., Science Education 77(2), 169-189 (1993)
- Similarity between momentum, kinetic energy

Lawson & McDermott, Am. J. Phys. 55(9), 811-817 (1987)



Capabillities of MBL, VBL tools

- graphs of time dependence of quantities
MBL.: real-time
VBL: delayed but replayable (with video)

- explore a variety of situations with relatively quick
feedback

- examine actual collision period

M.B. Nakleh, J. Comp. Math. Sci. Teach. 13(4), 368-380 (1993)



Laboratory setup

reflectors motion detector
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Used with motion detectors or digital video capture
— graphs of x(t), v(t), p(t), KE(t) for individual gliders
and p(t), KE(t) for system (2 gliders)

motion detector

Collisions between gliders, between gliders and spring
(“Ballistic Pendulum”)



Student-generated data: MBL



Student-generated data: VBL

Momentum vs. Time
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Implementation in introductory course

Wittenberg U., Physics 200 (Mechanics and Waves)

- mostly science majors; about 40 students/semester,
» equal gender division

- suggested co-requisite: Calc 1

- lab, lecture taught by same instructor

- 2-3 person lab teams, 90 minute lab periods

fall 1999

spring 2000

fall 2000

limited equipment

different instructor

RealTime Physics

collisions;
BP (MBL, VBL

only)

collisions

collisions + BP




Selection of groups

MBL, VBL, Photogate groups for collision, BP labs

All given experience with their tools in earlier labs

fall 1999

spring 2000

fall 2000

assign
(tool preference)

volunteer

assign
(match gender)

16 students
MBL: 3 F,5M
VBL: 2F,6 M

31 students

MBL:8F, 3 M
VBL: 6 F, 4 M
PG: 4F, 6 M

28 students

MBL:5F, 4 M
VBL: 7F, 3 M
PG: 5F, 4 M

no significant difference in test scores (except F99 VBL)




Lab activities

Carry out several collisions of different types

Predict graphs (or motion) for a different collision (or BP
collision)

Do experiment and compare prediction and results;
answer questions



Sources of data

Observation in lab (videotape, audiotape)

Lab reports

Individual semi-structured interviews (fall 99)

Summary questions (fall 99, fall 00)

Quiz (spring 00)

Written questionnaire (interview + summary questions)
(photogate groups, fall 99)



Analysis of video/audio tapes

Tapes transcribed and checked for accuracy

Work events (with computer and partners) coded and
analyzed for time information

Statements coded, analyzed by frequency counting
Coding categories derived from data (field notes,
tapes)
85-90% agreement between coders



MBL

Time analysis

Spring 2000

VBL Photogates
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Time analysis

Fall 2000
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Student speech units
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number of statements
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%% of total
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Conceptual discussion
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Student discussion

What do students refer to in conceptual discussion?
(fall 2000)

MBL: graphs (17% of discussion statements)
VBL: setup (18%) and graphs (14%)

Photogates: setup (23%)



Use of tools/attitudes

Graph reading skills important for MBL, VBL (spring 00
vs. fall 00)

VBL: Simultaneous viewing of video + graph not used
(but students see video again during analysis)

VBL most enthusiastic, but frustrated by software
problems, data quality, tedious clicking



Evidence from tools (MBL, VBL)

Lab Q: How can you tell that p, E is conserved (or not)?

- graph is a straight line (or not)
“By looking at the momentum vs. time graph, the total momentum
remains constant.” FOOMBL3

- momentum/energy transfer between carts
“When the momentum of one cart decreased, the other increased to
balance.” FOOMBL 2
“Kinetic lost on this one is gained on the other one.” FO9VBL 3

- reading numbers from graph
“What isthe initial speed? 0.256 m/s, and v1 final is.166 m/s, and
v2 final 1s.086... [silence while calculating]” FOOMBL4

- type of collision
“Becausethisis an inglastic collision.” FOOVBL1



Conceptual understanding (MBL, VBL)

How students explain data:

descriptive; focus on individual objects
“Oneisstationary, and cart 2 comes along, and kinetic energy is
lost to get this one going. So that’ s why it’ s decreasing kinetic
energy here.” FOOVBL4

mathematical definitions

“Because the KE decreases so much, there is no mass loss, so that
means their velocity’ s gonna decrease alot, which affects the
momentum too, because the velocity decreases also...it" s because
of the drastic KE loss, the velocity’ll drop which will make the
momentum drop also.” FOOMBL 2

theory learned in class
“Because thisis an inelastic collision.” FOOVBL1



Conceptual difficulties

Momentum as a vector guantity / conservation

“ “Will the collision of the two carts change the total momentum of
the system? No. It will just change the sign of momentum.”
FOOMBL?2

“Right here, we didn’t take into account that velocity was negative,
not positive. Because it’s a vector, instead of scalar.” FOOMBL4

“The spring isjust like apulley. It just changes direction...thereis
nothing to add momentum or to take momentum away.”
FOOVBL1



Individual and total p, KE for objects moving together
(prediction) “ Then they collide, then they’ re going to have the
same momentum. But, it’s going to be up here, because their
momentums are added together.” FOOMBL 4

“*Once they’re stuck together, they’ll have the same momentum,
right? Cause once they’re stuck, they’re like one unit, with atotal
mass of this glider plusthat glider, moving slower.” FOOMBL 3

S1: “ After the collision, should they be the same?’

S2: “No. Because one has more mass and one has less. Thisisthe
momentum of each cart. So you know this one has less mass at this
velocity and this one has more mass but is going at the same velocity.”
(Moves carts to demonstrate)

S1: “You don't count it as awhole?”’

S2: “Here it saysfor each cart. And then it says and also the total. Those
are for each cart. The total will be like the value between... no, it would
be avalue greater than both.” FOOMBL4



“Concept map” of discussion

blue boxes, purple links: during prediction, before experiment
orange boxes, green links: after experiment
red links: ideas no longer held after experiment
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Summary

Practical implications: time spent on various tasks,
actual use of software

Rich information from MBL, VBL tools (graphs)
More discussion, especially with MBL

MBL, VBL groups more likely to draw appropriate
conclusions from their data

Opportunity for students to explore, investigate details

Insight into student concepts



