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Seticed something in my class.

JZ: ade an adjustment to address the problem.
— he students seem to like It.
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| fﬁ fraditional measures of success
= -'_' ~ — Instructor perception of student understanding

— Students’ class evaluations
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> Alternate Model: Evaluate reform by assessing
student learning through multiple and varied
measures of student understanding.
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'}i'ine-based Education Research (DBER)
AUEIMPLS to) treat science and math

= _earnlng AS rlgorously as scientists treat
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_’ JAvestigations in their respective
professional fields.
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Eaiing pPhysics education as a’physu:s

G (PR) proepiem

2zl eilll, con ellecie erlmets @)1 SPECIfic features of a

IR il — e

- S @Ur system is a group of students in a
cular class.

HE A system has particular properties and a measuring

EdEvice is used to measure those particular properties.
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___.‘_._;“'*._PER WWe’'re trying to measure knowledge and our
~  measuring device Is a set of physics problems.

PR: Research Is often grounded in a mathematically
descriptive theory that provides predictive power.

PER: We utilize theoretical frameworks of
knowledge structure to help guide our
Investigations.




Co r UCtVISt ApPpProaciiz=
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> Al |V|duals MUSL construct thelr ewni concepts, and

ifles mowledge they already have (or think they have)
Jjgm lcantly afifects whnat they can learn.

_J T"3= Student mind! is not a blank slate on which new

B lformation can be written without regard to what is
;i,f:—__:':aweady there.

~ e, | the Instructor does not make a conscious effort to
~  guide the student in incorporating new information

correctly, the message inscribed may not be the one the
Instructor intended.

* Taken from McDermott’'s Millikan Lecture, AJP (1991)
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VIEHEUSHforRPreking Knewledge
SNOE-01-01E Problem: Solving Interwews

SDEEpEst probe of Student understanding

=Nine consuming), small sample size, and self-selection
]"*’"
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= :r e [FESPONSE questlons

= Allows for explanation of answers, but no dialogue

= -‘_' == Eairly guick and very informative

e Multiple-choice guestions

— Difficult to understand why students are giving a
particular answer

— Fastest by far, and big sample sizes




REsppnse Characterstics Correspeneing

NONgIBWIEedge Strlicture O

- Olagiigns raletigel ig weikia recior) vield mrosily folse:
HIGIACERLEXI=E EPEREERNRCERSISIERENANERURIENZIIE
rasgorges, caaaly flelweel of totelly Ifcor et
EXPIENEWERS




Deyf' “good” guestions:
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> Meas nng content knowledge In‘the gray region
(rrnr Perders of the gray region) requires care

o OL stlons should be concise and focused, with
S minimal technical language

fi" Questlons should be posed in multiple contexts
and representations

e Continuous review and revision of questions IS
necessary, via interviews and multiple
measurements




giEachIng Effectiveness, Region
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Lezifninle) czins Ir \wWiellie racjlon riflor, Iffrace|tent, cre
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UG ENSIGLENEEES
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MM Instriction

> Siyclagisgeaganon oleagleszisao g ales
youRcan simply “write” correct knowledge
AENEBSENING.
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JV guide students to modify
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and puild on their correct understanding.

O
O— =0 e
% O/ partially developed ideas

— Correct ideas
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USiREa Constructivist Modgl

MM Instriction

> Siyclagisgeaganon oleagleszisao g ales
youRcan simply “write” correct knowledge
AENEBSENING.

"

e

JV guide students to modify

— Incorrect or
partially developed ideas

— Correct ideas
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USiREa Constructivist Modgl

MM Instriction

> Siyclagisgeaganon oleagleszisao g ales
youRcan simply “write” correct knowledge
AENEBSENING.

"

e

JV guide students to modify

— Incorrect or
partially developed ideas

— Correct ideas



Elghe, Constructivist Model

MM Instriction

> Siyclagisgeaganon oleagleszisao g ales
youRcan simply “write” correct knowledge
AENEBSENING.

JV guide students to modify
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=== fmcorrect or Incomplete existing knowledge
: and build on their correct understanding.

— Incorrect or
partially developed ideas

— Correct ideas
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USIRERa Constructivist Model

i | ﬁorm Instruction

J(DJ(JF-\’ C W——H__._W

CiFStudent ideas about a particular topic

— esent potentially conflicting situation and guide
5 Sthdents to confront their previous ideas

e Requwe students to resolve any inconsistent ideas

=y ._

= 1\/Iu|t|ple Representations

— Use various contexts and representations to develop
more robust understanding

® Guided Inquiry
— Include student “discovery” as part of instruction
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Stldent understanding of entropy in a second

; Smester calculus-based physics course at a large
= search lntensive university in the Midwest.

o ielentn‘y the concepts we want to investigate

X == The entropy of the universe (which Is comprised of

any system and all of its surroundings) must increase
during any naturally occurring process.

® Previous research: Cochran and Heron (2006)

Focus on application of entropy to cyclic processes




For each of the following questions consider a system undergoing a naturally
occurring (“spontaneous’) process. The system can exchange energy with its
surroundings.

During this process, does the entropy of the system [S,.,] Increase,
decrease, or remain the same, or is this not determinable with the given
Information? Explain your answer.

During this process, does the entropy of the surroundings [Sq,qndings]
Increase, decrease, or remain the same, or is this not determinable with the
given information? Explain your answer.

During this process, does the entropy of the system plus the entropy of the

surroundings [Sqygem + Ssurroundings] INCrease, decrease, or remain the same, or
IS this not determinable with the given information? Explain your answer.
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i e of Conect: Explamation™

DUl g this process, does e entropy off the svstem
[Saetaml Vicrease; decrease; or remain the same, or IS

this? /701‘ aeternminap/e with the given information?
£ I Y/ OUI ArISVVer.
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= ___-ﬁ_éa WAIL'S 1101 deternminable, there /s no information about
= [hieisystem. I'd like to know at the very least a
- temperature, [or] enerqgy exchange... all it says Is that
/I can. exchange enerqy but that doesn’t mean that it /s.

[hered be a heat transter, like Q...”

Part B response similar to Part A
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Selifijsle of Coprect: Explapation™

€. Dur IS Precess, dbes the entropy of the system
0// Sile entropy of the surroundings [SSystem
rJroundlngs] Jcrease,; aecrease, or remaln the same, or
SAISHIoL aeterminab/e with the given information?
——= -*EX,O/aII? Your answer.
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- “JFIt’s an irreversible process entropy always goes up.”
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eEERilContext - Before All lnstitiction™

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
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ol boratlng mstltutlons
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o | ]\/]rl e
__er slevel Thermo (A = 9)
3 ;"sical Chemistry (V= 8)
== 'hémical Engineering (V= 20)

| ..-n-_-::lu._-uu—-— -

.:f —— In=sernvice Chemistry Teachers (V= 10)

e Cal' State Fullerton, Upper-level Thermo (V= 9)

e U Washington, Sophomore-level Thermo (N = 32)
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SIEN fastruction Testing e

Correct Responses in Upper-level Physics and Chemistry

@ ISU Intro @ UM Thermo O CSF Thermo O UW Thermo @ UM ChmEng B UM WkShop

60% 1

50% 1

40%

30% 1

20%

10%

0%

Entropy of system + All Correct
surroundings increases
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An object is placed in a thermally insulated room that contains air. The object
and the air in the room are initially at different temperatures. The object
and the air in the room are allowed to exchange energy with each other, but
the air in the room does not exchange energy with the rest of the world or
with the insulating walls.

During this process, does the entropy of the obiect [S.] increase,
decrease, remain the same, or is this not determinable with the given
information? Explain your answer.

During 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.

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.




Pre-Instruction, Correct Responses
2004-2006 (N = 1184), 2005-2006 (N = 609)

@ General Context B Concrete Context

Entropy change of Entropy change of  Total Entropy All Correct
object/system not airinthe Increases
determinable  room/surroundings
not determinable
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SosiElnstruction Testing.

- Jr elng 2005 (7V 255)
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=0 rlenced and knowledgeable Instructor

Jn“rucnon
_—tsa WO 50-minute lectures on entropy

-. -
—_—

‘-; = = One 50-minute recitation: Tutorial that
' = fiocused on state-function property of entropy

~— Homework consisted of both guantitative and
gualitative questions

® Post-instruction testing took place after all
lecture and testing on entropy and
thermodynamics was complete




RERA Post-InstructionPate s
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‘l Pre-Instruction All semesters m Post-Instruction Spring 2005 ‘

45%

40% |
m Pre-Instruction All Semesters | 35% |
30%
25%

0/ |
45% -
15%
40%
5%+
35% - 0% | I—e
Increases Decreases Remains the | Not Determinable
30% - I— -
Entropy of the surroundings...
r—— 25%
= =
g ‘I Pre-Instruction All semesters m Post-Instruction Spring 2005

i 70%

60%

50%

40%

30%

20%

Remains the same] Not Determinable

Decreases Remains the Not Determinable th e SySte m e

same

10%+

Entropy of the system + surroundings..
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glitative comparison of Physicaliss
_|stry collrsexafiter AllNnstruction

Correct Responses in Upper-level Physics and Chemistry

(”’1

@ ISU Intro ® UM Thermo O CSF Thermo O UW Thermo @ UM ChmEng B UM WkShop OO UM PChem

60% 1

50% 1

40%

30% 1

20%

10% |

0% -

Entropy of system + All Correct
surroundings increases
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gaitideas de,studentssgave?
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Entropy of system + surroundings...
2004-2006 (N = 1184)

Not
Determinable

e 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.
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QoL = ENTropY. RESPONSES
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PR ENGAN flrther

Entropy of system + surroundings...

( ;E' egorlze these 2004-2006 (N = 1184)

;:':“ sponses according
_‘ : "“tjo uherways in which
~ the other two parts

Wwere answered




1.

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

Remains the
Not Same

Determinable

Conservation
Decreases -~ Argument #1
Conservation
Argument #2
Increases
- Other

90% of these responses fall into one of two specific
conservation arguments




——
SONISEVation Argumentsys

SNCONEEatioNVATGURIERTEZEL
System INCreases | aecreases],
Serroundings dECreases [/ncreases], and

SSystem 5 SSurroundlngs stays the same
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i}-COnservatlon Argument #2

: Stystem NOL determinable,
Ssurroundings NOt determinable, and
SSystem e SSurroundings stays the same




Pre-Instruction Responses Consistent
with Entropy "Conservation”

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

80%
70%
60% -
50% -
40% - \\Q
o 30% - S \ .
oo @}}\E 38%§ 3\\}\\\\\\\\§
10% - \ °§\\\\ \\26/"\§22%§
o NI I
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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C. Ao this process “does the entrepy of the
;y e p/Usithe entropy of the surroundings
[ Seystem T Ssurroundings] //7Crease, decrease, or
Vel thersame, Or is this /10t determinable
= :1 JItArthe given information? Explain your
= alisver.
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“Remain the same... arn y change in entropy in the
system would result in a negative change or
entropy for the surrounaings, because energy

could not be created or lost just exchanged.”




=Py Tutenal [Designpss
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- r rameworks IR WhICh We understand
f Stlearning informs our instruction

rf : mstance previous work shows substantial
== dlfflcultles Infdeveloping first law concepts™

--‘Our model guides us to build off of correct
- student Ideas (e.g., heat flow direction and
relative magnitude), rather than build off of
poorly established notions of the first law

*Loverude, et a/, AJP (2002), Meltzer, AJP (2004)
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=RWOPYAiutenal Design...

Insulated Insulated
cube at T, cube at T

“eConsider 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?




—

J(kv

_Q
T

low T reservoir

T

high T reservoir

:ﬂheﬁnmons of “system” and “surroundings”

= alie arbitrary

- ard

~ e Examine situation when A7 — 0 to see that
AS — 0 and process approaches “reversible”
idealization.
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35pring 2006 (V= 231)
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- od lnfle "collrse mstructor as Spring 2005
2 |1l

5 YUCtIOn
_—tia WO 50=minute lectures on entropy

-. -
—_—

-_-_,:__: =0One 50-minute recitation with entropy tutorial

— Homework consisted of both guantitative and
gualitative questions

® Post-instruction testing took place after all
lecture and testing on entropy was
complete
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Rstruction wWith Jiuteal

Correct Answers

@ Pre-instruction 0O Spr 2005 without Tutorial B Spr 2006 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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gliEsiter lmplementation

Sophomore Thermo Course (N =32, Matched)

oISuU

Pre-instruction 0O UW Pre-Instruction 0O UW Post-Instruction with Tutorial

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

0%-

System + Surroundings Increases All Correct
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> Aclel] |onal testmg runs needed before we
Cr_E draw significant conclusions about the
f ctlveness of this Instruction

__. o [mprove curricular materials, we must
“further investigate student ideas about
state function properties of entropy and
other concepts




SENCIUSIONS:

JIseiplinesiased researchigoestbeyond
treiel] |onal education reform by deeply
Orga students” understanding of science

epts during ongoing instruction.

@ research and research-based Instruction

-ll—"__.--i"

=5 carried out within a framework with which
we model student learning and thinking.

® Creating effective and efficient research-
based curricula that improve learning Is a
lengthy process; there are no shortcuts.




