
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
Combining Mathematical and Everyday Models of Electricity

Permalink
https://escholarship.org/uc/item/1b05t794

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 19(0)

Authors
Biswas, Gautam
Schwartz, Daniel
Brophy, Sean
et al.

Publication Date
1997
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/1b05t794
https://escholarship.org/uc/item/1b05t794#author
https://escholarship.org
http://www.cdlib.org/


Combin in g Mathematica l  an d Everyda y Mode l s o f  Electricit y 

Gautam Biswas, Daniel Schwartz, Sean Urophy, Bharat Bhuva, Tamara Balac, & John Bransford 
Learnin g Technolog y Cenler ,  Vanderbil t  Universit y 

Nashville ,  T N 3720 3 U S A 
b i s w a s @ v u s e . v a n d e r b i l t . e d u 

As par t  o f  a  large r  projec t  explorin g people' s concept s o f 
alternatin g curren t  ( A C ) ,  w e hav e bee n appraisin g people' s 
knowledg e o f  direc t  curren t  ( D C ) .  Becaus e D C i s taugh t 
befor e A C ,  idea s develope d fo r  D C m a y influenc e A C 
understanding .  Ou r  researc h indicate s tha t  i n electricit y mos t 
conception s an d misconception s c o m e throug h instruction . 
Peopl e d o no t  com e t o th e domai n o f  electricit y wit h a  viril e 
set  o f  preconceptions .  Wherea s peopl e m a y naturall y b e 
incline d t o b e "naiv e physicists, "  the y ar e no t  incline d t o b e 
"naiv e electrica l  engineers. "  I n part ,  thi s m a y b e becaus e 
peopl e hav e n o direc t  perceptua l  experienc e wit h th e 
primitive s o f  electricity .  The y can ,  fo r  example ,  se e tha t  a 
10 wat t  bul b i s brighte r  tha n a  5  wat t  bulb ,  bu t  the y d o no t 
fee l  th e current s an d resistance s causin g thi s effec t  i n th e 
same wa y tha t  the y ca n fee l  gravit y affectin g differen t 
masses .  Whil e th e lac k o f  perceptua l  experienc e m a y 
preven t  entrenche d misconceptions ,  i t  als o make s instructio n 
a challengin g endeavor .  Student s nee d t o lear n a  comple x 
and invisibl e domain .  I n th e wor k describe d here ,  w e 
conside r  som e o f  th e move s tha t  novice s an d expert s mak e 
t o hel p the m lear n an d proble m solve .  I n particular ,  w e wil l 
describ e ho w the y us e mathematica l  an d causa l  descriptions . 

Differen t  instructiona l  method s i n electricit y emphasiz e 
mathematic s t o varyin g degrees .  Nonetheless ,  mathematic s 
may pla y a n importan t  rol e i n understandin g electricit y bot h 
becaus e electricit y i s structurall y comple x ,  an d becaus e i t  i s 
largel y invisible .  Despit e th e c o m m o n belie f  tha t 
mathematica l  model s ca n b e to o abstrac t  an d beref t  o f 
content ,  an d tha t  peopl e lear n abou t  thing s qualitativel y an d 
causall y first,  mathematic s seeme d ver y importan t  t o al l  o f 
th e participant s i n th e followin g study .  Usin g a  numbe r  o f 
simpl e circuitr y problems ,  w e conducte d interview s wit h 
applie d an d theoretica l  experts ,  colleg e student s wit h on e o r 
tw o semester s o f  instruction ,  an d Nav y recruit s a t  variou s 
stage s i n thei r  basi c electricit y trainin g course .  Her e w e 
describ e th e result s fo r  a  singl e problem .  Participant s wer e 
shown a  simpl e D C circui t  tha t  include d a  batter y an d a  5 
wat t  ligh t  bulb .  The y wer e the n show n a n identica l  circui t 
excep t  tha t  th e ligh t  bul b wa s 1 0 watts .  Thei r  tas k wa s t o 
explai n th e difference s i n outcomes ,  i f  any ,  i n term s o f  th e 
basi c construct s o f  electricit y suc h a s voltage ,  current , 
resistance ,  an d power . 

The questio n o f  w h y th e 1 0 wat t  bul b burn s brighte r  i s 
deceptivel y difficult .  O n e reaso n i s tha t  w e thin k o f  mor e 
resistanc e a s causin g mor e light ,  m u c h lik e mor e frictio n 
cause s mor e heat .  Consequently ,  on e migh t  b e tempte d t o 
reaso n tha t  th e 1 0 wat t  bul b mus t  hav e a  highe r  resistanc e i f 

i t  extract s mor e power .  I n fact ,  th e 1 0 wat t  bul b ha s les s 
resistance .  Give n a  fixed  voltag e source ,  thi s allow s mor e 
curren t  t o flow  throug h th e bulb .  Thi s increase d flow  cause s 
mor e "powe r  extraction. "  But ,  i f  th e amoun t  o f  resistanc e 
and curren t  flow  wer e i n a  direc t  proportion ,  the n th e 
increas e i n curren t  woul d b e offse t  b y a n equa l  decreas e i n 
th e resistanc e tha t  draw s powe r  fro m th e current .  Accordin g 
t o thi s lin e o f  reasoning ,  changin g th e resistanc e get s yo u 
nowhere .  Th e answe r  i s tha t  powe r  ha s a  linea r  relatio n t o 
resistanc e bu t  a  squar e relatio n t o current .  Notic e tha t  i n th e 
precedin g description ,  w e combine d causa l  an d mathematica l 
explanations .  Fo r  example ,  w e sa y resistanc e cause s powe r 
extraction .  A t  othe r  points ,  w e wrot e abou t  th e quantitativ e 
structur e o f  th e relationshi p betwee n resistanc e an d current . 
Our  interview s als o revea l  thes e combinations . 

Participant s ofte n move d t o mathematica l  notion s w h e n 
th e relationship s betwee n element s coul d n o longe r  b e 
expresse d accordin g t o a  linea r  causa l  chain .  Thi s happene d 
frequently .  O n e reaso n peopl e use d mat h i s tha t  i t  provide d 
a notatio n tha t  coul d hel p the m recal l  relationship s a m o n g 
th e element s o f  voltage ,  resistance ,  current ,  an d power . 
M a ny participant s als o jumpe d t o equation s an d number s 
when the y wante d t o chec k whethe r  the y ha d construe d th e 
structur e appropriatel y an d ha d include d th e relevan t 
elements .  Th e mathematic s als o provide d a  wa y t o expres s 
structure s tha t  ar e difficul t  t o kee p i n min d (e.g. ,  non-linea r 
relationship s amon g thre e variables ;  P=i2r) .  A n d finally, 
th e non-expert s lacke d stron g causa l  model s o r  analogie s tha t 
coul d suppor t  reasonin g abou t  comple x problems .  W h e n 
aske d t o explai n structura l  mappings ,  the y ofte n bega n wit h 
an analog y (e.g. ,  wate r  flow)  bu t  quickl y lef t  i t  behin d whe n 
th e relationship s becam e complicated .  Thi s i s no t  t o sa y 
tha t  peopl e di d no t  continu e t o rel y o n analogie s an d causa l 
explanations .  The y frequentl y gav e causa l  interpretation s t o 
thei r  equations ,  ofte n incorrectly .  Startin g wit h V= IR ,  fo r 
example ,  the y migh t  reaso n causall y tha t  th e curren t  coul d 
not  chang e i f  i t  wer e comin g fro m a  constan t  voltag e source . 
Therefore ,  th e onl y wa y t o chang e th e syste m wa s t o chang e 
th e voltage ,  an d thi s mus t  b e wha t  th e differen t  ligh t  bulb s 
do .  W e develo p thes e findings  furthe r  t o motivat e a  for m o f 
instructio n tha t  capitalize s o n student s inclinafio n t o merg e 
mathematica l  an d causa l  description s o f  electricity . 

Acknowledgments 

Thi s wor k i s supporte d b y ON R gran t  #N00014-96-I-0444 . 

865 

mailto:biswas@vuse.vanderbilt.edu

	cogsci_1997_865



