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Abstrac t 

As Simon (1981) has pointed out, coming to characterize 
phenomena a s functiona l  system s i s fundamenta l  fo r  ou r 
understandin g o f  th e natura l  an d man-mad e worlds .  Ye t 
littl e i s know n abou t  people' s propensitie s fo r  makin g 
suc h characterizations .  I n contras t  t o previou s researc h 
tha t  ha s focuse d o n unfamiliar ,  opaqu e systems ,  th e 
stud y reporte d her e investigate d expert s an d novice s 
relativ e us e o f  structure-functio n relationship s t o 
understan d a  familiar ,  inspectabl e system~ a bicycle .  A s 
th e stud y shows ,  th e experts ,  bu t  no t  th e novices , 
spontaneousl y an d consistentl y utilize d a  system s 
approac h t o characteriz e thi s familia r  object . 

Introduction 

O ne o f  th e mos t  salien t  feature s o f  huma n lif e i s th e 
continua l  nee d t o effectivel y understan d an d dea l  wit h a 
wide-rang e o f  phenomena ,  fo r  example ,  diagnosin g 
automobile s tha t  wil l  no t  start ,  writin g comple x compute r 
programs ,  forecastin g th e weathe r  o r  predictin g predator -
pre y cycles .  Lik e m a n y natura l  an d man-mad e 
phenomena ,  thes e fou r  case s ca n b e describe d a s system s 
i n whic h function s ar e produce d b y structure d collection s 
of  components . 

Centra l  t o th e syste m concep t  i s th e ide a o f  functiona l 
decompositio n i n whic h a  phenomeno n i s considere d i n 
term s o f  it s  function(s )  an d underlyin g structure(s ) 
(Bradshaw ,  1992 ;  Goe l  & .  Pirolli ,  1992 ;  Simon ,  1981) . 
For  example ,  Bradsha w ha s argue d tha t  th e Wrigh t 
brothers '  succes s i n designin g th e first  powere d airplan e 
was du e t o thei r  decisio n t o characteriz e fligh t  a s a  se t  o f 
independen t  subsystems .  The y the n designe d a  collectio n 
of  systems ,  eac h o f  whic h accomplishe d on e o f  th e 
function s necessar y fo r  powere d flight . 

Comin g t o decompos e phenomen a i n term s o f  functio n 
an d strucmr e i s a n importan t  mean s o f  developin g ou r 
understandin g o f  th e man-mad e an d natura l  world s 
(Simon ,  1981) .  A s Miyak e (1986 )  ha s pointe d out , 
understandin g a  fimction  require s focusin g o n th e 
underlyin g mechanism .  Tha t  is ,  understandin g develop s 
as individual s c o m e t o characteriz e phenomen a i n term s o f 
structure-functio n relationship s an d no t  simpl y a s 
collection s o f  components .  Moreover ,  a  focu s o n 
functiona l  decompositio n appear s t o b e a n importan t 
aspec t  i n th e developmen t  o f  expertis e (Lesgol d &  Lajoie , 
1991) .  Th e stud y reporte d belo w investigate s th e relativ e 
abilit y  o f  expert s an d novice s t o constru e a  familia r 
system~ a bicycle~i n term s o f  structure-ftjnctio n 
relationships . 

S y s t e m s R e s e a r c h 

Despit e th e apparen t  usefulnes s o f  a  system s approac h fo r 
understandin g th e naUira l  an d man-mad e worlds ,  ther e ha s 
bee n relativel y littl e researc h int o people' s abilit y  t o us e 
suc h knowledge .  Previou s system s researc h ha s looke d 
primaril y a t  people' s abilit y  t o lis t  th e structure s makin g 
up c o m m o n systems ,  fo r  example ,  elementar y an d hig h 
schoo l  students '  knowledg e abou t  th e constituen t  part s o f 
th e circulator y an d digestiv e system s (e.g. ,  Amaud i n & 
Mintzes ,  1985 ,  1986 ;  Catherall ,  1981;Gellert ,  1962) . 
Thi s wor k foun d tha t  olde r  childre n lis t  mor e o f  th e 
component s tha n d o younge r  children ;  however ,  i t  ha s 
provide d littl e insigh t  int o people' s understandin g o f  h o w 
structure s an d function s ar e related .  B y focusin g onl y o n 
th e constituent s o f  strucmre s rathe r  tha n structure-fiinctio n 
relationships ,  thi s wor k implie s tha t  system s ar e simpl y 
collection s o f  parts . 

Previou s wor k ha s als o complicate d system s researc h 
by choosin g complex ,  opaqu e systems ,  suc h a s th e 
circulator y system ,  tha t  ar e close d t o direc t  inspection .  A 
mor e appropriat e beginnin g poin t  woul d b e t o investigat e 
h o w peopl e dea l  wit h familiar ,  relativel y simple , 
inspectabl e systems .  Tha t  is ,  peopl e ar e mor e likel y t o 
firs t  thin k o f  structure-functio n interaction s wit h system s 
tha t  the y frequently  se e i n operatio n an d ope n t o 
inspection .  O n e familiar ,  inspectabl e syste m i s th e 
bicycle . 

I n contras t  t o m a n y systems ,  suc h a s th e circulator y o r 
digestiv e systems ,  a  bicycl e ca n b e visuall y decompose d 
int o a  smal l  se t  o f  relativel y simple ,  visible ,  an d largel y 
independen t  subsystems :  th e drive ,  braking ,  steerin g an d 
shiftin g subsystems .  Complet e understandin g o f  th e 
operatio n o f  a  bicycl e require s graspin g th e interaction s 
among thes e fou r  functions .  Yet ,  th e relativ e independenc e 
of  th e fiinction s suggest s tha t  m u c h o f  a  bicycle' s behavio r 
ca n b e understoo d b y focusin g o n eac h subsyste m i n 
isolation . 

Althoug h mos t  peopl e ar e familia r  wit h bicycles ,  ver y 
fe w spen d extensiv e period s o f  tim e ridin g o r  maintainin g 
them .  However ,  ther e i s on e grou p tha t  doe s hav e 
considerabl e ridin g an d maintenanc e experience -
competitiv e cyclists .  Contrastin g experts'-bicycl e racers -
and novices '  characterizatio n o f  th e bicycle' s subsystem s 
m ay provid e insigh t  int o people' s abilit y  t o constru e a 
system~th e bicycle—i n term s o f  structure-functio n 

relationships .  Thi s stud y specificall y addresse s tw o 
questions : 

1.  W h a t  happen s w h e n expert s an d novice s ar e aske d t o 
grou p a  selectio n o f  bicycl e components ? Knowledg e o f 
system s suggest s th e abilit y  t o decompos e th e syste m 
int o fimctiona l  arrangements ,  no t  simpl y o n th e basi s o f 
physica l  proximit y o r  similarit y o f  components .  I f 
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expertis e i s associate d wit h a  focu s o n structure-fiinctio n 
relations ,  the n onl y th e expert s shoul d us e functio n t o 
grou p components . 

2.  Wha t  happen s whe n novice s ar e aske d specificall y t o 
selec t  from  a  grou p o f  component s thos e necessar y lo r  a 
specifi c  functiona l  system ,  suc h a s th e driv e system ? I t 
may b e th e cas e tha t  novice s ar e abl e t o constru e a  familia r 
objec t  i n term s o f  functiona l  system s whe n specificall y 
aske d t o d o so .  Thi s woul d sugges t  that ,  a t  leas t  wit h 
familia r  phenomena ,  eve n novice s hav e som e implici t 
understandin g o f  h o w structur e an d functio n ar e related . 

Method 

Participant s 

Eightee n adul t  novice s an d 9  adul t  experts ,  al l  student s a t 
a larg e midweste m university ,  participate d i n thi s study . 
Expert s wer e volunteer s from a  bicyclin g clu b i n th e sam e 
community .  Ai l  participant s ha d bee n bicyclin g sinc e 
childhoo d an d wer e familia r  wit h bicycles .  Th e criteri a fo r 
determinin g whethe r  a  participan t  wa s a n exper t  o r  a 
novic e wa s base d o n th e degre e o f  bicycl e maintenanc e a 
perso n performed .  Expert s performe d al l  o f  thei r  o w n 
bicycl e maintenance ;  beyon d occasionall y inflatin g th e 
tires ,  novice s performe d non e o f  thei r  o w n bicycl e 
maintenance . 

Procedure 

A modifie d card-sor t  tas k wa s use d t o explor e people' s 
spontaneou s groupin g o f  bicycl e component s ( a bicycl e 
wit h labele d component s wa s availabl e fo r  referenc e 
throughou t  th e study) .  Participant s wer e show n a  se t  o f 
inde x card s i n rando m order ,  labele d wit h th e followin g 
bicycl e components :  frame,  fork ,  front  an d rea r  wheels , 
front  an d rea r  derailleurs ,  front  an d rea r  gears ,  chain , 
pedals ,  cranks ,  shif t  levers ,  brakes ,  brak e levers , 
handlebar ,  saddle ,  horn ,  an d pump .  Participant s wer e 

aske d t o pu t  th e card s int o group s o f  component s tha t  "g o 
together "  an d t o justif y thei r  groupings .  TTie y wer e fre e t o 

make a s man y group s a s the y wished . 
Followin g thi s genera l  probe ,  I  investigate d people' s 

abilit y  t o adop t  a  system s perspectiv e whil e thinkin g 
specificall y abou t  eac h o f  th e bicycle' s functiona l 
subsystems .  Participant s wer e aske d t o selec t  an d justif y 
th e component s the y though t  importan t  fo r  eac h 
subsystem .  Participant s wer e aske d t o thin k alou d 
throughou t  th e study ,  an d protocol s wer e audiotape d fo r 
late r  analysis . 

Interview Coding 

To characteriz e participants '  justification s fo r  bot h th e 
spontaneou s an d subsyste m sortin g questions ,  a  codin g 
scheme wa s develope d b y readin g an d categorizin g thre e 
protocol s from  eac h o f  th e groups .  Thes e categorie s reflec t 
th e man y way s i n whic h participant s justifie d thei r 
componen t  groupings .  Thi s scorin g schem e wa s 
subsequentl y applie d t o th e remainin g protocols .  A 
secon d individua l  the n applie d th e scorin g schem e t o hal f 
of  th e protocol s from  eac h group .  Fo r  th e spontaneou s 
sortin g question ,  th e percentag e o f  initia l  agreemen t  wa s 
8 8 %;  fo r  th e subsyste m sortin g questions ,  agreemen t  wa s 
9 5 %.  Disagreement s wer e resolve d throug h discussion . 

Tabl e 1  show s th e classificatio n scheme .  Justification s 
ca n b e broke n int o tw o genera l  categories :  systemi c an d 
non-systemic .  Onl y systemi c justification s referre d 
specificall y t o structure-functio n relations .  Non-systemi c 
justification s wer e broke n d o w n int o si x sub-categories : 
justification s focusin g o n th e component s a  cyclis t  i s  i n 
physica l  contac t  wit h whil e ridin g wer e classifie d a s 
agent-based ;  justification s referrin g t o th e component s 
tha t  defm e a  bicycl e wer e classifie d a s primary ;  grouping s 
of  urmecessar y component s wer e classifie d a s tertiar y 

Tabl e 1 :  Participants '  justification s fo r  componen t  groupings . 

Categor y Definitio n Exampl e 

Systemi c 

Agent-Based 

Primary 

Tertiary 

Contiguous 

Nominal 

Miscellaneous 

Explici t  mappin g o f  functio n t o 
structur e 
Component s th e cyclis t  i s i n 
contac t  wit h 

Definitive components 

Unnecessar y component s 

Groups based on contiguous 
component s 

"Levers ,  brake s an d wheel s wor k togethe r  t o sto p th e bike. " 

"Levers, shifters, and pedals, because those are the things 
yo u touc h o n a  bike. " 

"Wheels, frame and fork—without those you don't have a 
bike. " 

"You don't need the pump." 

"Front wheel is connected to the fork, and that is connected 
t o th e handlebar. " 

Component s wit h c o m m o n n a m e "Fron t  an d rea r  wheels ,  becaus e the y ar e bot h wheels. " 

"The chain, gears and wheels, they all go around, so I'll 
put  the m together. " 
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Figur e 1 :  M e a n proportio n o f  justification s b y group . 

justifications ;  justification s highlightin g grouping s base d 
on componen t  proximit y wer e classifie d a s contiguous ; 
an d /jowi/«a/justification s referre d t o grouping s base d o n 
component s tha t  share d a  c o m m o n name .  Justification s 
tha t  di d no t  fal l  int o an y o f  th e abov e categorie s wer e 
classifie d a s miscellaneous .  Give n th e lo w proportio n o f 
miscellaneou s justification s acros s groups ,  thi s categor y 
was exclude d from  th e analyse s reporte d below . 

Results 

Spontaneous Sorting Question 

The initial sorting question provided evidence of how 
peopl e spontaneousl y conceptualiz e a  bicycle .  A s 
discusse d above ,  a  bicycl e ca n b e decompose d int o fou r 
functiona l  units .  Thus ,  a  structure-functio n approac h 
shoul d lea d participant s t o grou p th e componen t  card s 
int o fou r  fiinctiona l  group s plu s a n "accessories "  grou p 
(e.g. ,  p u m p ,  horn ,  an d seat) .  Th e result s sho w tha t 
expert s an d novice s produce d approximatel y fou r  group s 
eac h o n average . 

At  firs t  blush ,  th e abov e resul t  suggest s tha t  expert s an d 
novice s alik e migh t  b e approachin g th e tas k from a 
system s perspective .  However ,  a s Figur e 1  shows , 
participant s use d a  variet y o f  justification s t o suppor t  thei r 
spontaneou s groupings .  Paire d t-test s wer e conducte d 
comparin g th e group s o n eac h o f  th e si x justificatio n 
categorie s describe d above .  Th e test s reveale d tha t  expert s 
m a de systemi c reference s significantl y mor e ofte n tha n di d 
th e novices ,  t(25 )  =  2.24 ,  g  <  .05 .  Moreover ,  expert s 
m a de significantl y fewe r  justification s base d o n 
contiguou s component s tha n di d th e novices ,  t(25 )  = 
2.96 ,  p  <  .01 .  Finally ,  althoug h non e o f  th e expert s eve r 
m a de a  nomina l  justification ,  5 % o f  th e novices ' 
justification s wer e o f  thi s form . 

Thi s analysi s o f  participants '  justification s suggest s 
tha t  onl y th e expert s relie d o n structure-functio n 
relationship s whe n spontaneousl y groupin g components . 
However ,  al l  participant s use d a  mixtur e o f  approache s fo r 
justifyin g thei r  groupings .  I n orde r  t o characteriz e a 
participant' s overal l  approac h t o th e spontaneou s 
groupin g task ,  the y wer e categorize d accordin g t o thei r 
modal  justificatio n type .  Comparin g th e group s o n thei r 
preferenc e fo r  systemi c versu s non-systemi c (i.e. ,  agent -
based ,  primary ,  secondary ,  contiguous ,  o r  nominal ) 
justification s reveale d tha t  mor e expert s (89% )  tha n 
novice s (50% )  preferre d makin g systemi c justifications , 
x 2 ( l , N =  27 )  =  3.89,u<.05 . 

Subsystem Sorting Questions 

Response s t o th e genera l  sortin g tas k sugges t  tha t  onl y 
th e expert s consistentl y use d a  syste m stanc e fo r 
spontaneousl y sortin g th e bicycl e component s int o 
groups .  However ,  i t  coul d b e tha t  novice s ca n conside r 
th e ftmctional  natur e o f  system s whe n explicitl y  aske d t o 
do so .  T o explor e thi s possibility ,  participant s wer e aske d 
t o specif y whic h component s wer e importan t  fo r  eac h 
subsyste m function . 

Adoptin g a  system s focu s require s tha t  on e isolate ,  a t 
leas t  temporarily ,  th e syste m o f  interes t  from  th e 
surroundin g structures .  I  refe r  t o thi s isolatio n abilit y  a s 
th e independenc e competency .  Further ,  participants ' 
abilit y  t o selec t  al l  o f  th e component s i n a  syste m reflect s 
thei r  understandin g o f  whic h component s ar e require d fo r 
th e functio n unde r  consideration .  Fo r  example ,  a  sufficien t 
driv e subsyste m require s a t  a  m i n i m u m th e front  an d rea r 
gears ,  th e chain ,  th e crank s an d th e rea r  wheel .  I  refe r  t o 
th e abilit y  t o selec t  al l  th e require d component s fo r  a 
syste m a s th e sufficienc y competency .  I n addition , 
participants '  choice s an d justificatio n o f  th e mos t 
importan t  componen t  i n eac h subsyste m ca n reflec t  thei r 
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stanc e toward s th e task .  Thu s participant s wer e aske d t o 

justif y thei r  choic e o f  th e mos t  importan t  componen t  i n 
subsystem .  Justification s wer e code d usin g th e schem e 
describe d above . 

Independence Competency Across subsystems, between 
7 8 % an d 1 0 0 % o f  th e expert s an d novice s wer e abl e t o 
conside r  eac h o f  th e subsystem s i n isolatio n whe n aske d 
t o d o so . 

Sufficiency Competency in order to assess subsystem 
sufficiency ,  five  additiona l  experience d cyclist s wer e aske d 
t o collaborativel y determin e th e m i n i m u m numbe r  o f 
component s necessar y fo r  eac h o f  th e fou r  functions . 
Sufficienc y wa s judge d b y matchin g participants ' 
subsystem s agains t  thi s template . 

For  eac h subsystem ,  a  Chi-squar e analysi s compare d 
th e group s o n th e numbe r  o f  participant s meetin g th e 
sufficienc y criterion .  Thes e analyse s reveale d tha t  betwee n 
89-100 % o f  th e expert s an d 7 2 - 7 7 % o f  th e novice s wer e 
abl e t o generat e sufficien t  steering ,  shifting ,  an d brakin g 
subsystems ;  difference s wer e non-significant .  However , 
ahhoug h 1 0 0 % o f  th e expert s wer e abl e t o construc t  a 
sufficien t  driv e system ,  onl y 3 3 % o f  th e novice s wer e abl e 
t o d o so ,  x ^  (1 ,  N  =  27 )  =  10.8 ,  £  <  .01 .  Inspectin g th e 
protocol s reveale d tha t  th e novice s mos t  ofte n faile d t o 
includ e th e fron t  and/o r  rea r  gear s i n thei r  driv e 
subsystems . 

Together ,  performanc e o n th e independenc e an d 
sufficienc y competencie s sho w tha t  th e groups ,  i n general , 
had littl e difficult y isolatin g functions .  Th e driv e syste m 
represent s a n interestin g exceptio n i n th e cas e o f  th e 
novices . 

Component Justification Participants' justifications for 
thei r  choice s o f  th e mos t  importan t  component s provid e 
additiona l  insigh t  int o thei r  utilizatio n o f  syste m 
knowledge .  Fo r  example ,  a n agent-base d Justificatio n 
suggest s tha t  a  participan t  i s focusin g o n wheresontro \ 
ove r  th e subsyste m i s established ;  i n contrast ,  a  systemi c 
justificatio n suggest s tha t  a  participan t  i s concerne d wit h 
ho w th e functio n i s achieved . 

For  eac h subsystem ,  I  compare d th e proportio n o f 
participant s i n eac h grou p w h o mad e systemi c reference s 
whil e justifyin g thei r  componen t  selections .  A s Tabl e 2 
shows ,  mor e expert s tha n novice s produce d systemi c 
justification s whe n discussin g th e steerin g subsystem , 
X^(l .  M =  27 )  =  11.20 ,  c  <  .0001 ;  th e shiftin g 
subsystem ,  X  (1 .  N  =  27 )  =  6.70 ,  g  <  .01 ,  an d th e driv e 
subsystem ,  y }  (1 ,  N  =  27 )  =  15.01 ,  u  <  001 . 

Thus ,  i n general ,  onl y th e expert s justifie d thei r 
componen t  selection s o n th e basi s o f  structure-fionctio n 
relations .  However ,  ther e wa s on e exceptio n t o thi s 
genera l  pattern ;  almos t  hal f  o f  th e novice s mad e systemi c 
justification s whe n discussin g th e brakin g subsystem . 
Unlik e th e othe r  subsystems ,  th e functiona l  relationship s 
withi n th e brakin g subsyste m ar e visible ,  relativel y 
simpl e an d linear :  squeezin g th e brak e lever s actuate s th e 
brak e calipers ,  whic h i n tur n squeez e th e ri m o f  th e wheel . 
Moreover ,  fo r  man y people ,  understandin g h o w t o sto p 

Tabl e 2 :  Proportio n o f  participant s providin g systemi c 
justificatio n fo r  eac h subsyste m 

Subsyste m 

Expert s 
Novice s 

Steerin g Shiftin g Driv e Bmk 'n g 
.6 7 .6 7 .7 8 .7 8 
0 .1 7 .0 5 .4 4 

a bicycl e i s a  matte r  o f  considerabl e importance ;  i n 
extrem e case s i t  coul d b e a  matte r  o f  lif e o r  death .  Thi s 
suggest s tha t  a  system s focu s migh t  first  aris e w h e n 
peopl e dea l  wit h ver y simple ,  bu t  personall y important , 
system s i n whic h the y ca n easil y observ e an d experienc e 
structure-functio n relationships . 

Justification Preference Extending the above analysis, 
th e consistenc y o f  participants '  justificatio n fo r  thei r 
choic e o f  th e mos t  importan t  component s wa s explored . 
Participant s wer e considere d t o hav e a  justificatio n 
preferenc e i f  the y offere d thre e o r  mor e justification s o f  a 
singl e typ e (e.g. ,  systemic ,  agent-based ,  primary ,  etc.) , 
otherwis e the y wer e classifie d a s havin g n o justificatio n 
preference .  Acros s subsystems ,  6 7 % o f  th e expert s 
consistentl y justifie d thei r  componen t  choice s o n th e basi s 
of  structur e an d function ;  however ,  non e o f  th e novice s di d 
so.  I n fac t  5 5 % o f  th e novice s showe d n o preferenc e fo r 
any particula r  for m o f  justification . 

The Bicycle-Cyclist System 

Althoug h participant s wer e no t  specificall y aske d abou t 
th e rol e o f  th e cyclist ,  a  numbe r  o f  the m spontaneousl y 
commente d o n th e dynami c natur e o f  th e cyclist-bicycl e 
interaction .  A  ride r  ca n b e considere d fro m tw o different , 
albei t  related ,  perspectives :  (a )  a s a  sourc e o f  powe r  an d 
contro l  impose d o n th e bicycl e an d (b )  a s a  dynamic , 
integral ,  par t  o f  a  cyclist-bicycl e system .  I n th e forme r 
perspective ,  a  cyclis t  i s  regarde d simpl y a s a  sourc e o f 
energ y fo r  pedalin g an d a s a n actuato r  o f  th e shifting , 
steerin g an d brakin g subsystems .  Th e latte r  perspectiv e 
subsume s th e former ,  bu t  i n addition ,  regard s a  cyclis t  a s 
a componen t  i n th e steering ,  brakin g an d driv e 
subsystems .  Fo r  example ,  b y shiftin g bod y posido n 
whil e cornering ,  a  ride r  ca n chang e th e radiu s o f  th e turn . 
By movin g bac k o n th e saddl e durin g braking ,  a  cyclis t 
weight s th e rea r  wheel ,  whic h increase s tractio n an d 
subsequentl y improve s braking .  Shiftin g forwar d o n th e 
saddl e whil e ridin g u p a  hil l  allow s a  ride r  t o increas e 
his/he r  peda l  cadence ;  movin g bac k o n th e saddl e lead s t o 
a decreas e i n peda l  cadenc e bu t  increase s th e effectiv e 
lengt h o f  th e leg-foo t  lever ,  allowin g th e applicatio n o f 
greate r  torqu e t o th e pedals . 

Al l  participant s hav e probabl y experience d th e effect s o f 
shiftin g bod y positio n whil e bicycling-peopl e intuitivel y 
re-positio n thei r  bodie s t o balanc e an d stee r  thei r  bicycles . 
However ,  inspectio n o f  th e protocol s showe d tha t 
althoug h seve n o f  th e nin e (78% )  expert s mad e a t  leas t 
one commen t  abou t  th e integra l  rol e o f  a  cyclis t  whil e 
ridin g a  bicycle ,  onl y tw o o f  18 (11% )  novice s di d so . 
Thus ,  althoug h al l  o f  th e participant s coul d rid e a  bicycle . 
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onl y th e expert s ha d develope d a n explici t  understandin g 
of  th e natur e o f  th e dynami c interactio n betwee n cyclis t 
and bicycle . 

Discussion 

The curren t  stud y wa s motivate d b y a n interes t  i n 
seein g ho w novice s an d expert s thin k abou t  a  familiar , 

inspectabl e system- a bicycle .  A s th e resuh s show ,  onl y 
th e expert s spontaneousl y construe d a  bicycl e a s a n 
assembl y o f  semi-independen t  fiinctiona l  subsystems .  I n 
contrast ,  th e novice s justifie d thei r  spontaneou s 
component  grouping s wit h reference s t o suc h principle s a s 

agency ,  componen t  contiguity ,  componen t  names ,  an d 
occasionall y function .  Novice s appea r  t o typicall y analyz e 
even familia r  system s b y focusin g o n surfac e 
characteristics ,  suc h a s componen t  contiguity ,  rathe r  tha n 
structure-functio n relationships .  Experts ,  o n th e othe r 
hand,  immediatel y focu s o n structure-fiinctio n relation s 
when analyzin g a  familia r  system . 

Of  course ,  i t  i s  no t  th e cas e tha t  othe r  perspectives ,  suc h 
as focusin g o n th e relativ e locatio n o f  differen t 
components ,  canno t  b e useful .  Tversk y an d Hemenway 
(1984 )  stresse d tha t  i n man y cases ,  part s ar e organize d i n 
uniqu e configuration s accordin g t o function .  Moreover , 
the y clai m tha t  decompositio n o f  par t  configuration s form s 
th e basi s fo r  naiv e induction-par t  structure s ar e use d t o 
comprehend ,  infer ,  an d predic t  function .  However ,  a s othe r 
wor k ha s shown ,  overrelianc e o n locatio n a s a  heuristi c fo r 
determinin g functio n ca n b e misleadin g (Ega n & 
Schwartz ,  1974 ;  Lesgol d &  Lajoie ,  1991) .  Fo r  example , 
Lesgol d an d Lajoi e argue d tha t  skille d electronic s 
troubleshooter s us e thei r  domai n knowledg e t o guid e thei r 
proble m solving ,  knowin g tha t  i n man y case s th e fiinction 
of  interes t  i s  governe d b y non-contiguou s components . 

As th e abov e result s show ,  i n general ,  th e expert s an d 
th e novice s ha d littl e difficult y focusin g o n individua l 
subsystem s i n respons e t o th e specifi c  subsyste m probes . 
The driv e subsyste m represent s a n interestin g exceptio n 
fo r  th e novices .  On e possibl e explanatio n i s tha t 
subsystem s tha t  ar e visibl e durin g operatio n o r  directl y 
experienced ,  an d personall y importan t  ar e mor e accessibl e 
t o novice s tha n subsystem s tha t  ar e not . 

Thus ,  expert s an d novice s di d no t  diffe r  greatl y  i n thei r 
abilit y  t o construc t  appropriat e subsystems .  However , 
thei r  justification s o f  th e mos t  importan t  subsyste m 
component s d o reflec t  difference s i n ho w th e group s 
characteriz e systems .  Expert s appea r  t o consistentl y focu s 
on ho w th e functio n unde r  investigatio n i s produced ;  i n 
contrast ,  fe w novice s showe d an y consistenc y i n th e typ e 
of  justificatio n offered .  Thi s suggest s tha t  althoug h 
novice s hav e som e conceptio n o f  th e component s tha t 
make u p som e o f  th e bicycle' s subsystems ,  the y hav e 
littl e understandin g o f  th e fiinctiona l  relationship s betwee n 
components ;  tha t  is ,  ho w a  collectio n o f  component s 
produc e a  give n function . 

Adoptin g a  focu s o n structure-functio n relationships- a 
system s perspective—i s potentiall y  a  powerfu l  mean s fo r 
understandin g th e lin k betwee n structur e an d ftmction. 
Yet ,  a s thi s stud y shows ,  simpl y usin g a  familiar , 
inspectabl e syste m i s insufficien t  fo r  non-expert s t o 

spontaneousl y adop t  a  syste m stance .  Lesgol d an d Lajoi e 

(1991 )  propose d thre e characteristic s o f  exper t 
troubleshootin g tha t  ma y underli e th e successfu l  adoptio n 
of  a  syste m stance :  (a )  knowledg e o f  ho w constituen t 
component s work ,  (b )  functiona l  understandin g o f 
components ,  an d (c )  understandin g o f  relation s betwee n 
component s an d th e large r  system .  Tha t  is ,  increasin g 
differentiatio n an d increasin g integratio n ar e characteristi c 
of  a n expert' s  knowledg e abou t  systems . 

However ,  th e questio n tha t  no w emerges ,  i s ho w d o 
peopl e com e t o characteriz e system s i n term s o f  structure -
functio n relationships ? Miyak e (1986 )  argue d tha t 

understandin g phenomen a develop s throug h a n iterativ e 
searc h i n whic h identifyin g a  functio n subsequentl y 
promote s a  searc h fo r  th e underlyin g mechanism .  Mor e 
specifically ,  a  numbe r  o f  researcher s hav e suggeste d tha t 
comin g t o understan d an y syste m begin s wit h 
constructin g a n appropriat e menta l  mode l  (Bobrow ,  1985 ; 
de Klee r  &  Brown ,  1983 ;  Keira s &  Bovair ,  1984 ;  Moray , 
1987) .  Thes e model s ar e cognitiv e structure s tha t  embod y 
specifi c structure-fimctio n relation s an d ca n b e use d t o 
make prediction s abou t  syste m behavior .  However ,  a s 
Norman (1983 )  pointe d out ,  th e majorit y  o f  people' s day -
to-da y menta l  model s ma y incorporat e onl y partia l 
description s o f  structur e an d function .  Consequently ,  i n 
many case s menta l  model s ar e no t  sufficientl y detaile d t o 
be testable .  Thi s suggest s tha t  th e rol e o f  menta l  model s 
i n th e developmen t  o f  structure-fiinctio n mapping s need s 
t o b e investigated . 

I n summary ,  comin g t o understan d phenomen a appear s 
t o requir e understandin g th e underlyin g structure-fimctio n 
relations .  A s thi s stud y showed ,  experts ,  bu t  no t  novices , 
spontaneousl y an d consistentl y characteriz e a  familia r 
syste m i n suc h terms .  However ,  wha t  i s les s clea r  i s th e 
proces s b y whic h peopl e com e t o constru e phenomen a i n 
term s o f  systems .  Specifically ,  wha t  i s  th e proces s b y 
whic h novice s com e t o develo p structure-fiinctio n 
mappings ? Further ,  wha t  rol e doe s suc h knowledg e pla y 
i n th e developmen t  o f  expertise ? Futur e wor k need s t o 
addres s thes e issues . 
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