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RESOURCES

ACASE

ASSOCIATION FOR THE COOPERATIVE ADVANCEMENT OF SCIENCE & EDUCATION

ACASE is a group of scientists and teachers who develop systematic

ways to make the experience of students deeper and more creative,

and to reignite the spark that inspired many teachers to take on the
challenges of the classroom.

If we really believe that learners

construct their own knowledge,

what can we do to help?
Eleanor Duckworth

Whatever we teach children
we prevent them from
discovering for themselves
Jean Piaget



CONCERNS OF TEACHERS:

.. Misconceptions
. Engaging Students

Il. Role of Educational Assessment in Teaching



PURPOSE

= Create a learning module to address these
three concerns

= Apply the scientific method to assess the
effectiveness of teaching related to the
learning module created



LEARNING GOALS

Students will be able to...

= Determine the acceleration due to gravity
near the surface of a planet

= Apply Newton’s Laws of Motion to the Earth
and other Worlds

= Predict and sketch the path a projectile on
the Earth and on other Worlds



ASSESSMENT

Published in: The Physics Teacher. Vol. 30. March 1992, 141-138

Force Concept Inventory
David Hestenes, Malcolm Wells, and Gregg Swackhamer

Every student begins physics with a well-established system of commonsense
beliefs about how the physical world works derived from years of personal
experience. Over the last decade. physics education research has established that
these beliefs play a dominant role in introductory physics. Instruction that does
not take them into account is almost totally meffective. at least for the majority of
students.

Specifically, it has been established thatl (1) commonsense beliefs about
motion and force are incompatible with Newtonian concepts in most respects,
(2) conventional physics mstruction produces little change m these beliefs. and (3)



ASSESSMENT

Grading Rubric

Question 1 and 2: Equal acceleration of falling objects

4 | Correct answers and reasoning in both cases
3 | Correct answer both cases. partially correct reasoning
, | Correct answer both cases. incorrect reasoning or

correct in one case with correct reasoning in one case
1 | Correct answer in one case. mncorrect reasoning
0 | No evidence of attainment

Question 3 and 4: Forces in action / reaction pairs that are always equal and opposite

Correct answers and reasoning in both cases

| =

Correct answer both cases. partially correct reasoning
Correct answer 1n both cases. incorrect reasoning or
correct 1 one case with correct reasoning in one case
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NASA'S KEPLER PROJECT DATA

2011 NASA DATA: Planet Candidates in or near the Habitabk

# | NASA Planet Name

Catalog

Number
1| 683.01fPl-kyleA | 239] 414 1281 5624 2.10E+26
2| 1582.01[P1-Laurene B | 240] 444 15.80] 5384 119E+26
3| 1026.01P1-Adelina C -m
4| 1503.01/P
5| 1099.01/P
6|_854.01[FLstephen D
7 43307
8 |00

1486.01)P




INSTRUCTION

THE UNIVERSITY OF THE STATE OF NEW YORK « THE STATE EDUCATION DEPARTMENT « ALBANY, NY 12234

Reference Tables for Physical Setting/ PHYSICS
2006 Edition

List of Physical Constants

Name Symbol Value
Universal gravitational constant . 6.67 x 10~ Nem%/kg?
Acceleration due to gravity o 9.81 m/s>
Speed of light in a vacuum c 3.00 x 10°% m/s
Speed of sound in air at STP 3.31 x 102 m/s

Mass of the Moon 7.35 x 1022 kg

Mean radius of Earth 6.37 x 105 m

Mean radius of the Moon 1.74 x 10 m

Mean distance—Earth to the Moon 3.84 x 1035 m

Mean distance—Earth to the Sun 150 x 10! m




INSTRUCTION

EXOPLANET INFORMATION

NASA Catalog Number \14.01 Plamet Name Y'ooun
Idvogroms not to scole)
l / /’]
- L7 -
\ / O
=l L -
» k" ..
< ‘--.:- '. I
3 T weight of 60 kg person on planet (Ng ™ _ 1234 20
|. — f— .l .
Tk ‘,"""--." weaght of 60 kg person on Earth (N) = G083
Star Information: Planet Infoormaton:

mass (kg): S04 » \Q.‘b y_q ) mass l_kg}- B4 \00‘? )% »
star class raclines imye Ll LQﬂ m

slar colos Fg for 60 kg person: 155% .80




INSTRUCTION

Physics Property Planet: Vulcan

acogieranon due to gravity | q.8mls* 53 amis”

= o L R N | ! : .
. g » - - "AsTa -

distance covered in 10s free fall 440 M o

time to fall 4 stocies (14m) .S 25

velocity of free falling object after e Y T

5s of Iree fall

maomentum of 8§ kg bowling ball
afler 5 ol free fall

time for falling penny (o reach

termunal velocity of 35 m/'s A 5% | 09
(neglecting friction)

f:i":!lg distance ey ured for DEnny
o reach terminad velocity of 35 m's oo - QT I\ et

[lurglcctil‘lg friction)
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INSTRUCTION

A brief summary that compares Newton's Laws of Motion on Earth and on planet
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DATA: EQUAL ACCELERATION

Pre & Post Results: Equal Acceleration of Falling Objects

100% [ ——
30 (65%)

0%
Pre Post
4 2(4%) 40(87%)
3 3(7%) 3(7%)
2 7(15%) 1(2%)
1 4(9%) 0
0 30(65%) 2(4%)

Total 46 (100% 46 (100%

- Correct answers and reasoning in both

cases

- Correct answer both cases, partially

correct reasoning

- Correct answer both cases, incorrect

reasoning OR correct in one case with
correct reasoning

- Correct answer in one case, incorrect

reasoning

- No evidence of attainment



DATA: ACTION/REACTION PAIRS

Pre & Post Results: Forces in Action/Reaction pairs that are always
Equal and Opposite

100%
31 (67%)
» 11 (24%) 13 (28%)
Pre Post

4 0 30(65%)
3 0 1(2%)
2 31(67%) 13(28%)
1 4(9%) 2(4%)
0 11(24%) 0

Total 46 (100%) 46 (100%)

- Correct answers and reasoning in both

cases

- Correct answer both cases, partially

correct reasoning

- Correct answer both cases, incorrect

reasoning OR correct in one case with
correct reasoning

- Correct answer in one case, incorrect

reasoning

- No evidence of concept attainment



DATA: EQUAL ACCELERATION

Pre & Post Results: Equal Acceleration of Falling Objects

100% [ ——
30 (65%)

0%
Pre Post
4 2(4%) 40(87%)
3 3(7%) 3(7%)
2 7(15%) 1(2%)
1 4(9%) 0
0 30(65%) 2(4%)

Total 46 (100% 46 (100%

- Correct answers and reasoning in both

cases

- Correct answer both cases, partially

correct reasoning

- Correct answer both cases, incorrect

reasoning OR correct in one case with
correct reasoning

- Correct answer in one case, incorrect

reasoning

- No evidence of attainment



STUDENT QUOTES:
EVIDENCE OF ENGAGING STUDENTS

= "There’s no way you could live on my planet, |
feel disappointed...”

= "Hey, check out my planet, you'd actually
weigh less there. Can | go there now?”

= “You always show us real science.”

= "Did you see the news? NASA...”

= "Can you explain what a Higgs boson is?”

= "What...? Do yoy, ...like..., know scientists
from all over the world?”



CONCLUSIONS

= Misconceptions
= Engagement
= Role of Educational Assessment in Teaching



SOURCES

= ATA Origins Website: www.origins.rpi.edu

= Acase Website: http://www.acase.org/

= Force Concept Inventory:
http://modeling.asu.edu/r&e/fci.pdf

= Video web site:
http://hixby.com/image/i-enjoy-traveling-
through-the-universe




