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Research Questions

Does the sequence in which students perform
experiments with physical and virtual
manipulatives affect students’:

- understanding of pulleys?
- confidence in their learning?

- retention of information?
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Previous Research

Simulations may offer better support than physical

equipment. (Finkelstein et al., 2005; Zacharia et al., 2008)
Simulation > Physical

Simulations and physical equipment may offer equal

support. (Triona, Klahr & Williams, 2007; Zacharia & Constantinou, 2008

Zacharia & Olympiou, 20} | ation = Physical

Our previous study on pulleys (Gire et al., 2010):
- Physical manipulatives and physical-virtual sequence
offered better support for learning about force.
Physical > Simulation for Force
- Virtual manipulatives offered better support for learning

about work. . _ _
Simulation > Physical for Work

Previous Research

* Student Self Reported Preference of
Manipulative
- Test: Virtual
- Rental Store: Physical

- Laboratory Make-up: Both Types
(Virtual>Physical) (Chini, 2010)

* Retention

- Organizing information into a schema or the use of
“organizers” improves retention. (Lawton &

Wasanka, 1977; Moore & Readance, 1984) KP
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Description of Current Study

* Conceptual based physics class for non-science
majors.

* Traditional laboratory setting.

~

Physica\ | Virtual
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| Virtual-Physical Sequence ]l ! Physical-Virtual Sequence !
| Pre-Test 1 & Confidence | | <

\\ Virtual Experiment ] ‘ Physical Experiment ] ;,g

[ Post-Test 1 & Confidence J ) -

[ Pre-Test 2 & Confidence J <

| Physical Experiment | | Virtual Experiment | 8

[ Post-Test 2 & Confidence J ™
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Pulleys c:

requires energy in order to do work. This energy is transferred by the force vou apply when vou pull on the pulley string
an reduce the amount of applied force necessary to lift an object when doing work

The formula for work is

work = force x distance

The formula shows how work depends on both force and distance. The distance is how far you pul the string while exerting an
appled force. When using a pulley, the amount of force required to move a heavy object depends on the type of pulley you use.
Pulleys that decrease the amount of applied force needed to bft an object require that you pull the string a greater distance than the
object rises. This trade-off between force and distance is callsd mechanical advantage (MA)

As the rope moves through the pulle
is a force that decreases the eff -y of a pulley. If friction is present when you are doing work, you will need to increase the
amount of applied force to overcome the friction force.

Sometimes we are interested in how quickly work gets done, The faster you Bft the object, the greater the power
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the surface of the pulley and the surface of the rope rub together and create friction. Friction
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Assessment

* Twenty question multiple-choice conceptual
test with short answer explanations on some
questions.
= Force questions: 8
= Work/potential energy questions: 9
= Mechanical advantage questions: 3
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Assessment Example

Compare work to lift to same height if ignore friction.

A B C

=

A.) Amy (using pulley system A) is doing more work

B.) Bob (using pulley system B) is doing more work

C.) Cathy (using pulley system C) is doing more work ER
D.) The work done in all three situations is the same

1 1 Kansas State University
Physics Education Research

[ ANV racd Total Score

0<.001

| PR R - P o Va ¥ | 10

lPre1 to Post1

Interaction: p<.001
effect size: r=.41

Correct Reponses (out of 20)

Pre-test 1 Post-test 1 Pre-test 2 Post-test 2

Virtual-Physical (VP) steeper
increase from Pre1 to Post1.
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l Pre1 to Post1

interaction: p<.001

effect size: r=.41

Post1 to Pre2 |
Interaction: p=.015
effect size: r=.221

.8 N S
= - =
- = =3
2 / /;__‘/
= = — L
5 ¥
w ¢ i,//
a
<]
g ¢ o
5 '
® VP
Qv

o s . o - B

VP steeper decrease from Post1 to
Pre2.
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lPre1 to Post1

Interaction: p<.001
effect size: r=.41

Post1 to Pre2 |
Interaction: p=.015
effect size: r=.221

Pre2 to Post2
Interaction: p=.014
effect size: r=.22

14

Total Score
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Correct Reponses (out of 20)

. -=-yp

Pre-test 1 Post-test 1 Pre-test 2 Post-test 2

Physical-Virtual (PV) steeper
increase from Pre2 to Post 2
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7<.001 otai Score on Puiley Test

HN D PPN S N - . NNA4 _ : W
lPre1 to Post1 g _ : s
interaction:  p<.001| £ A
effectsize: r=41 | 3° ¥

Post1 to Pre2 | 5 -
interaction: p=.015 ¢ =P
effect size: r=.221 ° .

Pre2 to Post2 V Protest 1 Post-test 1 Pro-test 2 Post-test

interaction: p=.014

Pre1 to Post2 from Pre1 to Post2.
interaction: p=.706
effect size: r=.09
15

effect size: r=.22 | No difference between PV and VP

effect:
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Pre-test 1 Post-test 1 Pre-test 2 Post-test 2

No difference in force test scores based
on sequence of activities performed.
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2<.001 Work/Energy Sub-Score on Puiley Test

HIAY RGPy N - . NN4 3
lPre1 to Post1
interaction: p<.001
effect size: r=.42
: I —vp
Pre-test 1 Post-test 1 Pre-test 2 Post-test 2

Correct Response (out of 9)

VP steeper increase from Pre1 to
Post1.
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|m‘air‘. gﬂganork/Energy SUb'SCOre

0<.001 Work/Energy Sub-Score on Pulley Test
lPre1 to Post1 5

interaction: p<.001| 3. /*\%—’jf
effect size: r=.42 B —t—3
Post1 to Pre2 % 3 “—pyV
interaction: p=.052| §° o
effect size: r=.18 ,

Pre-test 1 Post-test 1 Pre-test 2 Post-test 2

Suggestive that VP makes steeper
decrease from Post1 to Pre2.

18

5/25/2011



0<.001

lPre1 to Post1
interaction: p<.001
effect size: r=.42
Post1 to Pre2
interaction: p=.052
effect size: r=.18
Pre2 to Post2
interaction: p=.001
effect size: r=.308
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Work/Energy Sub-Score

Work/Energy Sub-Score on Puiiey Test
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Pre-test 1 Post-test 1 Pre-test 2 Post-test 2

PV steeper increase from Pre2 to
Post 2

0<.001

lPre1 to Post1
Interaction: p<.001
effect size: r=.42
Post1 to Pre2
interaction: p=.052
effect size: r=.18
Pre2 to Post2
interaction: p=.001
effect size: r=.308
Pre1 to Post2
interaction: p=.448
effect size: r=.07
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Work/Energy Sub-Score on Puiiey Test
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Pre-test 1 Post-test 1 Pre-test 2 Post-test 2

No difference between PV and VP
sequence from Pre1 to Post2.
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Differences in Forgetting

* Hypothesis 1: Organization of information
offered by different manipulative leads to
different retention level.

- Virtual more organized but showed less retention.

* Hypothesis 2: Students have “intuitive” ideas
which are temporarily changed at the end of
week 1 but resurface at the beginning of
week 2.

Analyzing explanations to test questions to
determine if this is true.
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Conclusion

* No difference in overall total score based on
sequence (Prel to Post2).

» Work score supported better by virtual experiment,

regardless of sequence.

 Force score supported equally well by each
sequence.

» More ‘forgetting’ from Post1 to Pre2 for VP
sequence.

» Confidence changed similarly for each seKP

ate University

Thank you.

adrianc@phys.ksu.edu
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