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Introduction
Rescarch in physics education conducted — I
5 the law two docades has shown thar M
misconcepaons about physical phenomens || Wigaiie ¢
are comenon end deeply engrained. reltage ' m@
Stadies by Dr. Lillian MeDerseon's ource
physics cducation roscaech group ot the
Usiversity of Waskinguon aad others have
demoastianed that 2 sudent’s ahility w
“solve quantiative problems is not 3 Figure 1. This graphc, from
selishle meascre of conceplual Giorgic Rizzoni ‘s 2007
undersaanding ' Such conceptiml errors | *Pringiples and Appicascns of
abow clostricty are rampent in oue Electrizal Engreerng™. Is
cadnyre’s common misdset, from “corrent | INBOCRC 10 38851 & dSOESON
follows the path of keast resistance™ 10 of element consrans. It also
eeinforcement Beough ereces o rooen cortains a circut error.

reatbocks (Fig 1.)

This action rescarch project was carmied out in the sophomore-level
Laboraory Edectromncs | course required in the physics curriculum at Moatana
Stge Usiversity. Dats wans collected in two offerings of e cowsse, Fall 2006
(=15} and Fall 2007 (a=20), to allow comparisca of sreased and urercatod
populaticas.

Research QuestionsS | yeeds
How does physics-by-inquiry pedagogy |a, By, &
affect the ability of physics majors to
evaluate simple DC electric circuits?

Is 1t easter for physics majors to solve a B,y
circuit problems if values are assigned to
the circuit elements?

Does follow-up sampling suggest any o
long term (2-3yr) post-treatment changes
in the retention of this matenial?

Data Collection Methods Key

a ~ DIRECT mstrument

B -~ Practical exam and interview
~ Formative and summative
-R:ﬁeutivejannﬂin!

Treatment

The Laboeatory Electronics soquence (PHYSS1 and FIHY SIS 1) makos up two
2crodil coueses offerad i comecative Fall and Spring semesters. The
schadule peovides foe | hour of lecture, followed on a different Sy by 2 3 hour
b perod. The fest somoester (PHYS261 ) a8 taught over the last § years
focusad e pasiive and active DO circuts. Reactive clements (capacinoes mad
imduciors) are introducad in the last fow woeks of the first course = the
TN

In the Fall 2007 semesser the first threo woeks of masenal on series and peealicl
resiswors, Kirchhoff's lvws and power supplies were replaced by tho first hoee
sectivas of Part A of Electric Circuits from the 1ext Piysics By Inguiry, Fdume
11 by Lalbsam McDermont !

Methods
DIRECT

“Deserminmng and Imerprovng Rosistive Elecwric Circuit Conceprs Tost™ s a
29-questice invenioey desigaad %0 evaluale 2 stadent’s undessiaading of
several basic concepes, including voltage and current, of an clectnc cecun
This mstrumere provides;
* Hench mark for students ereoliod in e Ladorory Eloctrosics [
compeeed w0 a2 large nember of high school and university ssuderes
* Comparson betwoen treated and sntressed groups eneoliod in Laboeatoey
Electronics classes offerad Fall 2006 and 2007)
* Pre- and post-imstruction measure of learning gains made in the Fall
2007 group

£ i 5 tive A

D
Qurzzes and clasaroom @
assesienent techaigues "

were wacd 30 prode 1 9

staders” perfoemasce on -

two peeblens that are G i

clecrically Mentical In - <9 9
© .

the first case, & peodiem
refereed W as Francis'
Fabglous 8 Bulb Problem
FFSBP) in Figure 2,
peonides the insrucior
with an oppoetumity o

Compere B brightacss of e bulbs
ALC, C&D ELF B&G aad AKF.

peobe conceposal, Fgure 2, FFBBP provides a cualinaive
qalitaenve urdervanding et of concaptual understanding.
of electrie cirouits.
"

A\\\,
The Quantitative B Resisice .-:'-,':, g ‘:\’\.
Problem (QSRP) shown = v o~
Figure 3 s the electrical twin Wle—fr
of the qualitative FFEBP. AL -
I'he strecwure of this problem e
mvites studests 10 spply " o
foerral Circuit analysis W
methods, Computing the
operntag poist of thas crcuk o
should be light work for a Fiead 2 current = cach of
student enrolled = the resistors in this circuit

Labeeaicey Electroaics.

Tho throe circuits m Fig 4,
tken from a peper by
MeDermott et al. (1992)

foess & sitrgle test of

undessaading of voltage and
currernt. These circats were Figure 4 McDeemon's test of

used in tis peopect for 2

practical exam t permix of calculus-based students
indridealoeed ovaluation of were Al 10 comectly rank ¥
studenls’ MiscOa0CpUOnm. trghtness of the bulbs.

Results

100

0388888333

Ergeiharct's
cata (n=1135)

The ber graph is Fig. S peeserns
e rewsits of several wpical
groupings by the awhor of the
mstrumest (Ergeihandl) snd a
differont growping by the authoe of
this peogoct (Getty)  The four rows
sepresenl e resalts for
Engeihandt’s ceiginal stady, pee-
a2 post-invruction resulis foe e
weated group, aad po-ininacton
resuls for the un-treatnd bascling
group.

Conclusions

These &ua suggest that scorpoeating inguiry =ethods into the Laboeaicey
Electromics | couese improved the abobey of physics students o qualitaenvely
evakeaee chectrc circuits, oven whole they continee to dopend on their strength in
fin&ing mathematical soluticas %0 confinm Bes resuls

Imerprecation of the rewlts of e several dats collection methods ead w e
followaag sdditicesl conclasions.

* Studests develop skills seadad 0 solve gualuative cecuns probiess when
they are oxposed %0 inguiry sechriques. Reselts show an mprovement
among the weated class in nearly all categoeies evakeanod

Data sufficient %o quamtify the offect of inquiry techmques on students”
atdlity %0 solve quantitative peoblems was not obtained.  However, personal
chscrvatioans iadicate that even shoet exponures 10 sguiry methods
encourage stadents to dovelop useful qualitative models

+ Physics stodents will oftes revune 3 qualitative circut prodles: in termm of
quarafiable vaeiables o peaduce 2 solution

* The laboratory is a powerfal tood in the quost to help suderes develop a
robust mensal model

'Future Work

»  Conduct a folkra-up evalustion of the two groups in 2 o } moee yoars %0 seo if
there are amy Jompes-lerms impact

*  Comparing e perfoemance of studonts eneolied in the honoes general physics
class, (which has histoeically bees basod on the isquey method), %0 students
with simolar academic peeparason (GPA, SAT scoees) cosld be informative

o Inthis study, the &ta was ssuflicsest 10 determmne i student performance (e
quarsestive problems was improved by exposure to the inquiry method. Since
atelity %0 solve such probloms is an cagoing tost for “doing physics,” the answer
w0 thes qeostion might strengthen $he asgument for including inguiry in ow
colloge curmcula

e ———————
DNRET thite o a8
A plo of pest-astruction DIRECT A ) P
resulis foe Both the Jasdline and 1o et (s -
wreaement groups (g 6) show : Lt
penceally betier perfoemaace cn he i N ’
DIRECT wih hogher GPA. DIRECT
scoees foe tho untreated population have
greater scamer and show no, oe perhags o
CVED AN |mVene, Nmk‘ﬂi'lp noTween B e ———
2 DIRECT socee and GPA. The o "
besickane group weone e DIRECT in m DIRECT J‘l 884
Apeil of 2007, The treatment groep
dra & froens Ageil of 2008. funcson of student GPA for
bath treatec anc untroated
populaicns.

Formative and Summative Assessments

The treatmest grocp, Ca sucisments offered at different times, comgietad both
of the twin problems, the qeaatitative FFERP (Fig 2.) and qualiative Q8P
(g }). Even aftor exposure o the mqeiry method, students performed bettor
0n the peoblem that could be solved ueng quartaative, foemal dgoeithemic
arcue amalysis methods

Qualitative versus quantitative test guestions (r=20)
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