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CIHF S enter Introductery university physics
Ses with less than adequate tools for
rlblng the world in which they live.
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> <esea {:h SRHEWS that

_—v; idren egin developing physics resources at an
= ";*='- arly age

o,

== *'-__?"f : elementary teachers have not traditionally been

=  trained to guide science resource development

I

= -

~ = National and State Teaching Standards have
~ science goals for students as early as
Kindergarten
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% Teac'wj are Jealous of their time
o WOLRST Op environment can be less
lrea enlng than course work

mculum materials are available to fit
Ihls format
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What Goals ShoulcT‘rhus \Work
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> “'-"é“'content knowledge
- \/\/orf. on epistemology.

— ] e chers should understand how their teaching
: J,_ﬁ.-r attitude affects student learning

'-'-5-: ==, Jmprove teacher Self-Efficacy

-
e

_'_;‘-'f, — — We'd like our teachers to believe their teaching
- can have a positive impact on student learning

— We’'d like them to believe that they are capable of
teaching science effectively

!
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Worisee Content =

Hands-on; inguiry-based curriculum
s C “’Uter based lab work with motion
'a | OrS

-4.:

= Dn -technical work with stopwatch,
’.-—f;':-' meter stick, and other aids

- 'I:'_"-'

- S ™ T
.-uﬂ- -.--—"'

:'j::‘f s’ Primarily from Explorations in Physics,
~ supplemented with material from
Inguiry Into Physical Science and other
Sources
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r,<olmr WOrk 6N’ epistemology
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> mologlcal resources -- Hammer &
_lgg
-ﬁ ’alkmg” science -- Lemke

= -

— " =3 Eplstemlc Games and Frames --
- Tuminaro

e “Stop | can’t Fit Anything More Into My
Head” -- Olenick
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- ?r{:e and Motion Conceptual

-
-

Valuation (FMCE)

,.ful\/laryland Physics Expectations Survey
-~ (MPEX) — modified for workshop
- setting

-~ ® Sclence Teaching Efficacy Belief
Instrument (STEBI)
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gl 95 ion; research- based multiple-choice
SSESSIMENL Instrument designed to probe
whcepttial understanding of Newtonian
IECH ffil’_lICS

E=SERIbric suggested by Thornton, only 33

—  guestions scored

s V/elocity, Acceleration, Newton’s first and second
laws, Newton’s third law, and Energy clusters

® Originally intended for use In undergraduate and
high school classes — but appropriate here



"D r ey Jiare both moving at the
e E‘-speed when they: collide.
Ichrchoice describes the

'-BI The car Is moving much faster

- than the heavier truck when they
collide. Which: choice describes

= the forces?

32.The heavier truck is standing still
when the car hits it. Which choice
describes the forces?

|| .

Questions 30-34 refer to collisions between a car and
trucks. For each description of a collision (30-34)
below, choose the one answer from the possibilities
A though J that best describes the forces between
the car and the truck.

A. The truck exerts a greater amount of force on the
car than the car exerts on the truck.

B. The car exerts a greater amount of force on the
truck than the truck exerts on the car.

C. Neither exerts a force on the other; the car gets
smashed simply because it is in the way of the
truck.

D. The truck exerts a force on the car but the car
doesn't exert a force on the truck.

E. The truck exerts the same amount of force on the
car as the car exerts on the truck.

F. Not enough information is given to pick one of the
answers above.

J. None of the answers above describes the situation
correctly.

In questions 30 through 32 the truck is much heavier
than the car.
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on Likert scale test, but Scoring
favorable unfavoerable, and neutral
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S ‘_ependence Coherence, Concepts, Reallty link,
;_ —I\ﬂath link

:* “— Survey modified to fit workshop format — five

- guestions dropped, wording changed slightly on

others
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VAV egr31g N thiS Werksiiep: IS primarily
clai ermma@o “how familiar I am with the material.
Iisiejpitiore eat|V|ty has little to do with It

My gmc}” | this course is primarily determined by how.
ieglieisisampwith the material. Insight or creativity has

a—_:‘-

]JEEf‘ o) db WIThUIE, Independence

E ---_._—_

EFWhen I prepare classroom activities, | explicitly

_._..-_-

I" jl‘-ﬂnk about the concepts that underlie the problem.

__'

- When I solve most exam or homework problems, |
explicitly’ think about the concepts that underlie the
problem. Concepts
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25 quei: Likert scale test, again reduced to
felvorelgle 'unfavorable and neutral scores

.__,

> Tyye) __Ies Personal Science Teaching Efficacy
: (H"‘: and Science Teaching Outcome
-f_.‘ “Xpectancy (STOE)

~ = STOE may be a measure of external locus of
- control, not expectancy, and is considered less
reliable than PSTE




e PSTE
mwhen | try very hard, I don't teach science as

I do most subjects. PSTE
'-'____g.-:b.é low science achievement of some students
%gtf_eannot generaIIy be blamed on their teachers. STOE

= et

- s 15 Students’ achievement in science is directly related
~toetheir teacher's effectiveness in science teaching. stoe

e 25. Even teachers with good science teaching abilities
cannot help some kids learn science. STOE
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BRI I éations James Bean School in Sidney.
cllis /"”e PEl Elementary School In Presque Isle

/Jt = fementary Teachers
= - ~*2 10130 years of experience
-' ;?---_l-::-:” female, 3 male

--F"‘" —\.--'-

— _Klndergarten through Grade 5

.-::_._—-—

-

~~ * Five days in both locations
— - — Monday to Friday in Presque Isle
— Thurs & Fri, Mon thru Wed in Sidney (Split)
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Pre/Post FMCE
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—SeNice gain overall

Force

~ ® Impressive results in O ey oz | S PR ey

Ve I O C I ty a n d F 3 E 0% 275 71.6 11.7 16.2 48.3 25.9
O NormGain %| 20.3 52.2 6.9 12.8 44.4 55

e But ...
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Pre/Post FMCE

for mlnlmal mastery
= \Most even below 30%

% ) . : L : \
% . 71.6 11.7 16.2 48.3
% X 52.2 X . .
er



S _
es and Expectations RESUILSE

MPEX pre/post

e Clear and statistically
significant improvement,
overall and in each
cluster (except Effort)

0.0 200 400 600 800 1000 |x

Unfavorable



es and Expectations RESUILSE

.- Overall™

MPEX Overall Score - pre/post

Goups sorted by MPEXPost Tt Score Overall scores tell a
slightly different story
when split into groups

Normalized Gain

Overall Top Mid Low
0.0 200 400 600 800 1000 Favorable 0.42 0.61 0.42 0.33
Unfavorable Unfavorable -0.08 -0.52 0.00 -0.10

N=28 N=10 N=9 N=9
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&= Concept Cluster

MPEX Concept Auster Score - pre/post

Groups sorted by MPEX Post-Test Score Concept Cluster a big
. ® Overall Fre SUCCesSs

B Overall Rost

¢ TopRe

© Top Post

A MdRe

A Md Post Normalized Gain
® Low Re

o Low Post

Favorabl

Overall Top Mid Low

200 400 600 800 1000

Favorable 0.64 0.92 0.46 0.58
Unfavorable
Unfavorable -0.35 -1.00 0.07 -0.33

N=28 N=10 N=9 N=9
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¢= Independence Cluster

MPEX Independent Custer Score - pre/post

Groups sorted by MPEX Post-Test Score Independence CIUSter a
success, but note end
position for low group

Normalized Gain

Overall Top Mid Low
Favorable 0.40 0.85 0.36 0.17
Unfavorable -0.36 -0.73 -0.27 -0.27

N=28 N=10 N=9 N=9
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Scores Wil acy r///rur/r zlf2 olfyEr) Jf) 2 FEarzolediE daEvardles Oyl seaEs fed
grouo; Loy grala. N=25 yEgzll N0 kg, =9 Lejg

7. In this van stiop, I 'do not expect tor understand physics equations in an intuitive
SENSES the: / il 1‘.:9 ust e taken as givens

< 12/11 — 19/6; 7/0 — 10/0; 1/8 — 2/5

—-— =

16. Only verJ [;w speC|aIIy gualified people are capable of really understanding physics
17/7 — 22/4; 9/1 — 10/0; 2/5 — 4/4

{EFEKOWIE of e in 'phy3|cs consists of many pieces of information each of which applies
r)ﬂn:m ;ﬁfoa speC|f|c situation
Bo—— 6/13 — 15/7; 3/5 - 8/1; 0/6 — 4/4

Tihe derivations or proofs of equations has little to do with solving problems or with
—-*""*‘ e skills I'need to successfully understand physics

:;:h — 15/5 — 15/10: 6/1 — 6/3; 5/1 — 2/5

18. The most crucial thing in solving a physics problem is finding the right equation to
Oy 8/8 — 22/3; 4/3 — 9/0; 1/4 - 5/2

10. A good understanding of physics is necessary for me to achieve my career goals.
5/9 — 5/15; 3/1 — 3/3; 1/5 — 1/6
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PSTE Pre/Post
Sorted by PSTE Post-Test Score
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A MdPSTEPre

es and Expectations RESUItsg

Scores greatly
Improved ... but note
the low scores at low
end

PSTE Normalized Gain

Overall High Mid Low
Favorable 0.31 0.75 0.12 0.23
Unfavorable 039 -1.00 017 -0.38
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STOE Pre/Post

Sorted by PSTE Post-Test Score STEBI = STOE SCOFES,
but may be measure
of locus of control

:L::cme STOE Normalized Gain
A MdST
Overall High Mid Low
e 0.03 0.08 -0.17 0.20
Unfavorable -0.05 -0.15 -0.10 0.07

N=29 N=11 N=9 N=9



Scores witfl ef_/c/’_/__j 1851]07] Zlfe iyl il 7 fElyarElglefz UEiareldgle S Oyl
SCOrE; TJr}*‘ OLg; Loy grovpr  IN=Z980verall, N=11 Jop, N=9 Lo

5. | rloyaigle Jr~ ‘S'necessary to teach science concepts effectively.
- 16/6 — 21/0; 6/0 — 11/0; 2/5 — 4/0
TN VEDR /. effective in monitoring science experiments.

l"=F F

: = 22/5 — 25/1; 9/0 — 11/0; 3/5 - 5/1
=] § 1y:teach science ineffectively.
i 2470 — 20/5; 9/0 — 11/0; 4/0 — 2/3

o

".-—-—..L.e e e*-]bw sc‘ence achievement of some students cannot generally be blamed
=~ on their teachers.

e —_*_-

o -—l_.*—-'

- 7/13 — 9/17; 1/7 — 3/7; 3/1 — 3/5
25. Even teachers with good science teaching abilities cannot help some kids

-

E : learni science.
13/9 — 13/12; 5/3 — 5/4; 4/3 — 5/2




Cone L' ns«:!'

SOIENt Know 'e‘dge Although gains are
SIOIINIC u: . most participants did not complete
irlls vvc shop with adegquate understanding of
CONtEr ‘Tas measured by the FMCE

—-

"_l.
=

At ddes and Expectations — Most participants

== =51 arted with high scores on MPEX and STEBI —
~ PSTE, and improved

— Small group at bottom of MPEX/STEBI scoring with
troublesome scores

\
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IUETISIVE TU F'week workshop did net preduce
WESIIed c,m tent knowledge results

= 1100 MU juich, too fast ... more time needed to internalize
).‘F.-.E‘ :_-t

--_

e vc_af_t courses and workshops may not achieve
— *-mtended results
_..-rli"

—F.'_HI'-

—

=— ‘May need to look for alternate ways to present

-

- materal and/or teach science in elementary schools

=



SSIUNIficant improvement in participant
EXIEC] e ions and attitudes

—r\cfe the poard improvement in MPEX and
TEBI-PSTE

—e '_—-n- _._,-|—- '_

"-_ | §mal| amount of time spent, large

i == _,-"'
e -_F_._-

= f’tlmprovement

e ——
__-

- — Workshop and/or short course aimed at
teacher efficacy can be successful
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ple size is small — but results are
QﬁSlstent with other research

_-' " Content knowledge gains may be
localized, and gains may not last over time
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SESHeIRProiessional development workshops may.
Sighiicantly improve affect and awareness of
rlgorow Ite pPedagogy
I‘) U 13

= ﬂeﬁ -ma Yy rot nave a strong effect on
- - onceptua/ content unaerstanaing

- t;_'-—‘lﬂore time in workshop — and perhaps time In

- petween lessons for assimilation — may be
needed to Improve content knowledge
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