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— | ngz_‘ ed something in my class.

SNEdEranadjustment to address the problem.
— rrw S udents seem to like It.

r\rm structors perception of a class environment
= =ystAot bullet-proof fact, and proper assessment
=0 fstudent learning
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' '-D'Tradltlonal feedback for assessing student
learning

— average score on exams, homework, and labs
— students’ class evaluations



MAVSICS rf ducatlon Research (PER) attempts
; e i at Iearnlng as rlgorously as phyS|C|sts

== j' pﬂhenomena.
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SR doe ar sicist-de)iesearch?
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A SY/StEM.

= Aisystem i85 partlcular properties and a measuring device IS
ISECNOIMEASUrE those particular properties.

— Amolé"" size; ensemble of comparable systems

— % 2arch is often grounded in mathematically descriptive theory
= _ prowdes predictive power
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does a PER’er do research?

e

— f' — Careful controlled experiments on specific features of a system.
— I\/Iy system Is a group of students in a particular class.

; — A system has particular properties and a measuring device is
used to measure those particular properties. I’'m trying to
measure knowledge and my measuring device is a set of
guestions.

— Do I have an ensemble of students?... Do we have a theory?
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°{7Jvhat IS knowledge and how Is It organized?
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Archery Target: three concentric rings

Central black bull’s-eye: what students know well
tightly linked network of well-understood concepts

Middle gray ring: students’ partial and imperfect
knowledge [Vygotsky: “Zone of Proximal Development”]

— knowledge in development: some concepis and links
strong, others weak
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When questions are posed related to black-region
knowledge, students answer rapidly, confidently, and
correctly — independent of context

-~ Questions related to gray region yield correct answers
in some contexts and not in others; explanations may
pe incomplete or partially flawed
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In central black region, difficult to make significant
relative gains: instead, polish and refine a well-established
body of knowledge

Egzirnlinle) cfelinls 1 allte rEJJDrJ aliplof, piree|tigne, clplel
ogarly raipdes fsle cinenor io reelans conlieipie) wWell-
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Teaching most effective when targeted at gray. Analogous
to substance near phase transition: a few key concepts
and links can catalyze substantial leaps in student
understanding.
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"movvladﬁ sensisisieibuildingblocks that
CIEREIS St bled and organlzed In short- and
" Il memory.
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SIERCISS mbled and erganized In short- and
[SHEFERT memory

Obviously this was successful instruction...
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It nsumlng small sample size, and self-selection
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F_rf a f ponse guestions
' 5 fior explanation of answers, but no dialogue
f |rIy guick and' very informative

l:‘ ultlple -choice guestions

-~ — [east desirable, difficult to understand why students
are giving a particular answer

— Fastest by far, and big sample sizes
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EOIRITIOST PhySics topics, “traditional instruction”,
OE0NE chers and even “reformed
Ipgiftigie ‘f' 2 methods fail to help many students
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= _J_cfa' _ a3|c conceptual ideas about physics
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— | prove problem solving skills
_activate their ability to think scientifically
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"o [let’s define these terms clearly..
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o Tria pplellofiey e ﬂrﬁ\ CS COUrses

s ISTHUC tors Iecturlng at the beard for moest of the class
oerJor ‘01t [passIVe: class demonstrations

= QJI(e ok -type physics labs

—: rklng problems in-class and for homework that are

— _nd ef-the-chapter, plug-and-chug-type problems that
= “‘*don t reguire any conceptual understanding but rather
_':'__:"__: ~ Equation hunting

e BUT physicists still learned this stuff, right?

— They aren’t representative of a standard student

",

— They may have substantial conceptual gaps also
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> Many dotagfifzily desirable’ characteristics

—  Enintsle qu *‘_lg i thersubject matter

— Gouel JIJdJ <

= Speaks at 1 approprlate level for the students

— oJmpf érest In the nature of science

=6 lJ. re .ader
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#:35“ » These gualities may be useful...

- ...but there is no definitive research evidence that
they help students learn physics concepts or
develop scientific reasoning and problem solving
skills.



p~°f(30 ‘much done In the traditional educational
- research mode... “I tried something and the
students seem to like It.”

® | acking proper assessment of the materials
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Iggcur ar materials that are developed
fofproven methods of physics

Suiica ion! research and are rigorously
reﬁ; ed for how they affect student learning
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5%':::{:0 develop materials that will help
students learn physics we must know:
— How do people learn?
— How do people learn physics?
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STl v rlte correct knowledge and reasoning.
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— er odlfy Incorrect or incomplete existing
_ me iedge and build on correct understanding

This Is not easy!

— “Give me a list of misconceptions, so that I can think
of a way to carefully explain it to the students so that
they understand.” — Traditionalist
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Ellg]is udent |deas about a particular tepic

Hpotentlally conflicting situation and force
nts to confront their previous ideas

e students to resolve any inconsistent ideas
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ltlple Representations

- :Use various contexts and representations to develop
; - more robust understanding

® |[nguiry
— Include student “discovery” as part of instruction
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- Jenrnm ot the only thing that might
vvom; ut it does work

S _ta we have a theory?

-
= ;,_
..__-' e
oy
_-"‘

=

- -._-—-1-"

:'_"-E::_. -_.- = — . I
i z_._—-—
" o -

-BUT there isn't a theory of PER that
provides predictive power.
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l At understandlng of entropy In a second
er calculus-hased physics course

feje
S

- Jdemr v the concepts we want to test

R e overaII entropy of a system and its surroundings
S ust IAcrease during any naturally occurring process.
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What do our students need to know before we

'try to teach them entropy?

— 15t Jaw of thermodynamics

— Kinetic theory of gases

— Heat and temperature

— ldeal gas law

— ldeal thermodynamic processes :>
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o_ritanous”) process. The system can exchange energy with its

1.
A
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-_ P {)CESS does the entropy of the system [Smmm] Increase,
rease, or remain the same, or is this not determinable with the given
f .iﬂ.l on’) Explain your answer.

. thls process, does the entropy of the surroundings [Sq, randings]
: “increase, decrease, or remain the same, or is this not determinable with the
_given information? Explain your answer.

= Durlng this process, does the entropy of the system plus the entropy of the

surroundings [Sq sem + Ssurroundings] INCrease, decrease, or remain the same, or
IS this not determinable with the given information? Explain your answer.
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Correct Responses
2004-2006 (N = 1184)

Entropy change of Entropy change of Entropy of system + All Correct
system not surroundings not surroundings
determinable determinable increases




{Borsrete-Context” Questiont W

placed in a thermally

Insulated room that contains air. The object

U \J

Ir n the room are aIIowed to exchange energy W|th each other, but
the room does not exchange energy with the rest of the world or
Iatlng walls.

li
e

ng this process, does the entropy of the obiect IS ] increase,
= —= , remain the same, or is this not determinable with the given
-":.;:""*- 0 matlon’? Explain your answer.
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-5_—13 Durlng this process, does the entropy of the air in the room [S,;] increase,
“decrease, remain the same, or is this not determinable with the given

information? Explain your answer.

C. During this process, does the entropy of the object plus the entropy of the
air in the room [S;..; + S, | Increase, decrease, remain the same, or is this
not determinable with the given information? Explain your answer.
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Correct Responses
2005-2006 (N = 609)

Entropy change of Entropy change of Entropy of object + All Correct
object not air in the room not air in the room
determinable determinable increases
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ecelved two full Iectures on
oo\ _w|th one 50-minute recitation
JerJoc

: _.___g,_J_Qs*‘ UCLOr Was fully aware of student
J_ 1fcu|t|es on these questions

i‘}.i

) z: ‘s Post-instruction testing took place after all
lecture and testing on entropy was
complete
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‘l Pre-Instruction All semesters m Post-Instruction Spring 2005 ‘

45%

40%
m Pre-Instruction All Semesters | 35%

30%

25% +
45%

15%

40% - 0%

5% 1

35% - 0% _
Increases Decreases Remains the
30% | .
Entropy of the surroundings...
25% -

‘I Pre-Instruction All semesters m Post-Instruction Spring 2005

Remains the same] Not Determinable

Decreases Remains the  Not Determinable th e SySte m s

same

Increases

Entropy of the system + surroundings..
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Entropy of system + surroundings...
2004-2006 (N = 1184)

Not
Determinable

Decreases _
Remains the

Same

Increases

Nearly three-quarters of all students responded that the “total entropy”
(“system plus surroundings” or “object plus air”) remains the same.



Entropy of system + surroundings...
2004-2006 (N = 1184)

+ __ordlng 1o the ways Iin o
ﬁ.j’llCh the other two parts N ot
e —— Decreases Argument #1
:.i =Were answered

e Argument #2

Increases—
Other

» 90% of these responses
fall into one of two
specific conservation
arguments:
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servatlon Argument #2 (26%0)

— SSystem not determinable,
- Ssurroundings Not determinable, and
SSystem - SSurroundings stays the same




Pre-Instruction Responses Consistent
with Entropy "Conservation”

B General-Context Question (N = 1184) m Concrete-Context Question (N = 609)

80%
70%
60% -
50% -
= N\
= N N\
20% | @}}/\\ N §>§\§®§
10% - \\ \ ° §22%\
0% | \\\\\\\\ | k\\\\\\\\\\\&
Total entropy [(system + Argument #1: (a) and (b) Argument #2: (a) increases
surroundings) / (object + air)] undeterminable, but (c) total (or decreases) and (b)
remains the same entropy remains the same  decreases (or increases), but

(c) total entropy remains the
same
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Insulated
cube at T,

Insulated

cube at T, Conducting Rod

e Cdﬁsider slow heat transfer process between two thermal
reservoirs (insulated metal cubes connected by thin metal pipe)

»Does total energy change during process?
»Does total entropy change during process?
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Tcold reservoir T

2l -that definitions of “system” and
roundlngs are arbitrary

hot reservoir

if'-E-xamlne situation when A7 — 0 to see that
AS — 0 and process approaches “reversible”
idealization.
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Correct Answers

O Pre-instruction O Without Tutorial | With Tutorial

80%-
70%-
60%-
50%-
40%-
30%-
20%-
10%-

0%-

System Not Surrroundings System + All Correct
Determinable Not Surroundings
Determinable Increases
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> S9019sglel e -levell course covering fluid
macrmr; S and thermal physics at
Umvw:' 1ty ofi Washington

—_—

= 's ents are primarily physics majors and
ffwould normally be associated with the top

'_,_——

'j' 10% of ISU’s introductory course
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Sophomore Thermo Course (N =32, Matched)

@ ISU Pre-instruction B UW Pre-instruction 0O UW course With Tutorial

System + Surroundings Increases All Correct
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= _J__J er: i}e testing runs needed both at I1SU
- other institutions before we can draw
;ggnlflcant conclusions about the

effectiveness of this instruction
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Ljcljeiste 1 group dynamlcs = U I\/Iaryland
Eeragg e Simulations — U Colorado
- 19 CE ertlng OSU, (ISU Chemistry)

atlve assessment techniques MIT, OSU,
ﬁmms

~ = Student attitudes and beliefs — U Maryland,
- U Colorado

® Searching for a theory — U Maryland, U
Maine
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ZIIPIOECH educatlon as a physicist approaches
onyJchLJ q enomena

> e r=What IS known about learning theory and
u, ‘ﬂfve science to guide our instruction methods.

5‘-'—_"_‘ featlng effective and efficient curricula Is a very

g

~ laborious process. There are no shortcuts.

Further reading:
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