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b h o l d e r @ c o g s c i . u c s d . e d u 

Abstrac t 

Many guitarists learn to play by imitating recordings. This 
styl e o f  learnin g allow s guitarist s t o maste r  bot h ne w song s 
and ne w techniques .  T o imitat e a  song ,  a  guitaris t 
repeatedl y listen s t o a  son g recordin g unti l  th e entir e song ,  o r 
th e desire d portio n o f  tha t  song ,  ca n b e reproduce d b y th e 
guitarist .  Thi s kin d o f  imitatio n ca n b e a  ver y difficul t 
proces s particularl y i f  th e recorde d guitaris t  play s fas t  an d 
othe r  instrument s ar e involved .  Beside s th e difficult y i n 
hearin g th e guita r  music ,  th e man y differen t  way s t o finger 
and articulat e th e sam e note s an d chord s o n a  guitar ,  ca n als o 
make playin g th e musi c difficult .  I n thi s paper ,  w e describ e 
some o f  th e knowledg e guitarist s us e t o minimiz e thes e 
difficulties .  W e the n propos e a n externa l  representatio n tha t 
guitarist s ca n us e t o unloa d som e o f  th e cognitiv e burde n 
impose d b y th e imitatio n process .  Thi s externa l 
representatio n — th e ba r  chor d — transfor m man y o f  th e 
imitatio n activitie s fro m thos e requirin g bot h interna l 
computation s an d memor y t o thos e tha t  requir e th e guitaris t 
t o merel y loo k an d se e th e desire d results .  Moreover ,  ba r 
chord s facilitat e th e socia l  distributio n o f  thes e individua l 
benefits .  Thi s researc h contribute s t o th e growin g field  o f 
distribute d cognitio n an d t o ou r  understandin g o f  bot h 
interna l  an d externa l  representation s use d durin g musi c 
learnin g an d improvisation . 

Introduction 

Ther e ar e man y way s o f  learnin g ho w t o pla y guitar . 
A m o ng classical-styl e guitarists ,  th e mos t  c o m m o n mean s 
of  learnin g i s b y practicin g shee t  musi c — musi c encode d 
on pape r  i n a  standar d notatio n — unde r  th e guidanc e o f  a n 
instructor .  Th e typica l  novic e guitaris t  practice s a  piec e fo r 
abou t  a  week ,  the n visit s th e instructo r  fo r  mor e fine-
graine d instruction .  Th e instructo r  sit s t o th e sid e o f  th e 
buddin g guitarist ,  correctin g mistakes ,  providin g playin g 
tips ,  offerin g encouragement ,  an d a t  time s administerin g a 
scolding .  However ,  amon g guitarists ,  i t  i s  well-know n tha t 
many o f  th e founder s o f  moder n roc k guita r  (suc h a s Jim i 
Hendri x an d Eri c Clapton )  coul d no t  rea d standar d musi c 
notation ,  viz. ,  coul d no t  sight-read .  Eve n toda y i t  i s 
c o m m on t o find  well-know n roc k guitarist s tha t  canno t 
sight-read .  Suc h musician s learne d t o pla y b y imitatin g th e 
guita r  player s o n recorde d songs . 

Thi s pape r  i s a n attemp t  t o understan d thi s uniqu e kin d 
of  learnin g fro m a  distribute d cognitio n perspective .  First , 
we describ e th e dat a collectio n metho d an d th e ke y feature s 
of  th e distribute d cognitio n framework .  Thi s i s followe d b y 
a shor t  tutoria l  o n th e guita r  an d music .  W e the n describ e 
why imitatin g recorde d musi c ca n b e complex ,  followe d b y 
an analysi s o f  som e o f  th e musica l  regularitie s an d specia l 
knowledg e tha t  guitarist' s  posses s whic h minimize s thi s 
complexity .  Finally ,  w e perfor m a  cognitiv e analysi s o f  a n 
externa l  representatio n — th e ba r  chor d — whic h ca n 
furthe r  reduc e th e complexit y o f  imitatin g recorde d songs , 
by transformin g man y o f  th e imitatio n relate d task s fro m 
"in-the-head "  conceptua l  task s int o perceptua l  o r  "looking " 
tasks . 

Method, background, and review 

Thi s pape r  report s o n a  on e an d a  hal f  yea r  stud y o f  rock -
and-rol l  styl e guita r  (hereafter ,  roc k guitar )  playing .  Bot h 
author s ar e traine d i n classica l  guitar ,  hav e ove r  five  year s 
of  playin g experience ,  an d ar e proficien t  a t  sight-reading . 
However ,  roc k guita r  i s  ver y differen t  fro m classical ,  i n 
bot h trainin g methods ,  techniques ,  an d terminology .  Th e 
primar y autho r  spen t  ove r  a  yea r  an d a  half :  (a )  examinin g 
th e availabl e printe d material ;  (b )  interviewin g guitarist s 
fro m th e undergraduate ,  graduate ,  an d staf f  population s a t 
Carnegi e Mello n University ;  an d (c )  sittin g in ,  wheneve r 
possible ,  i n informa l  "ja m sessions "  wit h existin g bands . 
Althoug h w e di d no t  d o a  traditiona l  field  study ,  w e believ e 
th e abov e activitie s provide d th e sam e end-resul t  — a n 
understandin g o f  th e guita r  an d musi c fro m th e perspectiv e 
of  a  roc k guita r  player . 

The distribute d cognitio n framewor k (Hutchins ,  1995) , 
was use d t o acquir e furthe r  insight s int o th e interna l  an d 
externa l  structure s rock-guitarist s emplo y durin g son g 
imitation .  Briefly ,  thi s framewor k view s th e boundar y o f 
cognitio n a s dynami c an d flexible;  th e boundar y ca n 
expan d beyon d th e individual' s skul l  t o includ e thos e 
externa l  structure s participatin g i n a  task' s performanc e a s 
cognitiv e structures ,  an d no t  merel y a s input s int o a 
cognitiv e proces s insid e th e skull .  Moreover ,  a s Hutchin s 
(1995 )  demonstrates ,  thes e externa l  structure s ca n ac t  a s 
mor e tha n jus t  externa l  memory .  The y ca n encod e comple x 
computation s i n thei r  surfac e structure ,  whic h ca n 
transfor m certai n task s requirin g interna l  memor y an d 
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Figure 1. An electric guitar 

processing, into tasks which instead use simple physical 
manipulatio n o f  externa l  artifact s an d th e readin g of f  o f 
results .  Thi s framewor k focuse d ou r  effort s o n 
characterizin g th e cognitiv e consequence s o f  externa l 
structure s use d b y guitarists ,  suc h a s th e particula r  wa y th e 
guitarist s finger  chords . 

Ther e i s a  surprisin g lac k o f  studie s o n musi c imitatio n 
and improvisation .  Th e ke y studies ,  ar e b y Johnson-Lair d 
(1988) ,  Pressin g (1988) ,  an d Slobod a (1985) ,  w h o focuse d 
on characterizin g interna l  processin g capacit y constraint s 
on musi c improvisation .  Johnson-Lair d an d Slobod a argu e 
tha t  th e structur e o f  improvise d musi c i s constraine d (i n 
term s o f  genres ,  son g forms ,  an d individua l  styles )  s o tha t 
les s interna l  cognitiv e processin g i s  require d durin g 
performanc e tim e However ,  neithe r  Johnson-Lair d (1988 ) 
nor  Slobod a (1985 )  offe r  empirica l  evidenc e t o suppor t  th e 
vie w tha t  improvise d performance s ar e s o constraine d o r 
tha t  cognitiv e capacit y i s limited .  Pressin g (1988 )  develop s 
a psychologica l  mode l  o f  improvisation ,  bu t  focuse s o n 
interna l  cognitiv e constraint s o n th e process ;  externa l 
factor s ar e no t  considered .  Thi s stud y bot h support s an d 
augment s thes e studie s b y focusin g o n h o w guitarist s ca n 
self-impos e constraint s ove r  song-for m constraint s b y usin g 
externa l  structures .  Althoug h thi s stud y focuse s o n externa l 
structure s use d durin g son g imitation ,  th e externa l 
structure s describe d ca n als o b e use d t o facilitat e guita r 
improvisatio n a s well . 

External structures: Guitar and Music 

From a guitar player's perspective, the typical guitar 
consist s o f  th e followin g component s (se e Figur e I) :  si x 
meta l  strings ,  attache d a t  on e en d t o tunin g peg s locate d o n 
th e guitar' s head ,  an d attache d a t  th e othe r  en d t o a  bridg e 
on th e guitar' s body .  Th e guitar' s hea d an d bod y ar e 

connecte d vi a a  neck ;  th e nec k i s c o m m o n l y divide d int o 
19-2 2 differen t  region s k n o w n a s frets .  Collectively ,  th e 
fret s m a k e u p th e fretboard .  T h e guita r  bod y ca n b e 
hollow ,  semi-hollow ,  o r  solid-bod y wood .  Acoustic ,  an d 
classica l  styl e guitar s hav e hollo w o r  semi-hollo w bodies , 
an d on e o r  mor e soun d hole s whic h serv e t o amplif y th e 
soun d o f  th e vibratin g strings .  Electri c guitar s hav e soli d 
bodies ,  an d generat e soun d throug h a  comple x process : 
string s vibratin g ove r  on e o r  mor e electromagneti c pickups , 
attache d t o th e body ,  creat e a n electrica l  signa l  whic h 
travel s ove r  a  cabl e t o a n amplifie r  whic h finally  convert s 
th e electrica l  signa l  int o soun d wave s (se e Figur e 3) . 

Guitaris t  creat e musi c b y playin g individua l  notes ,  o r 
combination s o f  note s k n o w n a s chords .  Guitarist s pla y 
note s an d chord s b y usin g thei r  lef t  han d t o depres s certai n 
fre t  region s whil e thei r  righ t  han d simultaneousl y pluck s o r 
stru m th e string s alon g th e bod y o f  th e guitar .  T h e guitaris t 
ca n pla y 1 2 basi c sound s (notes )  — A ,  A # ,  B .  C ,  C # ,  D , 
D #,  E ,  F ,  F# ,  G ,  G # — a n d a t  leas t  3  differen t  variation s (o r 
octaves )  o f  th e basi c notes .  Eac h guita r  strin g i s tune d t o a 
differen t  not e E ,  A ,  D ,  G ,  B ,  an d E  ( 2 octave s highe r  tha n 
th e first-E),  s o tha t  pluckin g a  strin g withou t  pressin g o n 
th e fretboar d produce s tha t  correspondin g note .  Othe r 
note s ar e create d b y depressin g string s ove r  differen t  frets , 
wit h fret s close r  t o th e bod y producin g highe r  frequenc y 
note s tha n thos e clos e t o th e hea d (se e Figur e 2) . 

Internal structures: Knowledge for 
SONG imitatio n 

I n th e typica l  imitatio n process ,  th e guitaris t  alternate s 
betwee n tw o activities ;  playin g an d listenin g t o a  son g 
fragment ;  an d attemptin g t o duplicat e tha t  fragmen t  o n th e 
guita r  (se e Figur e 3) .  T h e activitie s continu e unti l  th e 
guitaris t  learn s th e entir e son g o r  th e desire d fragment . 
However ,  ther e ar e severa l  factor s whic h m a k e th e 
imitatio n proces s difficult . 

First ,  o n an y give n song ,  ther e ar e multipl e instrument s 
playin g a t  th e sam e time ,  e.g. ,  a  d ru m an d a  bass .  T h e 
guitaris t  need s t o lear n h o w t o identif y th e guita r 
independen t  o f  th e othe r  instruments .  Thi s m a y see m 
straightforward ,  bu t  m a n y m o d e m guitarist s attac h special -
effect s instrument s t o thei r  guitar s suc h a s fuzz ,  wah ,  an d 
distortion ,  whic h ca n mak e i t  eve n mor e difficul t  t o pic k 
out  th e guita r  part s i n th e recording .  Eve n i f  th e guitaris t 
ca n pic k ou t  th e guita r  parts ,  a  give n not e ca n b e playe d o n 
multipl e place s o n th e fretboard .  Furthermore ,  ther e ar e 
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Figur e 2 .  Sideway s depictio n o f  th e firs t  2 2 keyboar d fret s wit h th e 1 2 differen t  tone s superimpose d (doubl e vertica l  line s 
iiKJicat e wher e th e nu t  is) .  Co lum n heading s denot e fre t  numbers .  Th e to p ro w correspond s t o th e fret s unde r  strin g 1 ,  wit h 
th e las t  ro w strin g 6 .  Differen t  octave s o f  th e sam e not e ar e depicte d wit h differen t  fonts ,  e.g. ,  th e E  not e i s represente d 4 
differen t  time s (E ,  £ ,  e ,  e) .  Not e th e redundancy ;  £  ca n b e playe d o n th e (12t h fret ,  6t h string) ,  (7t h fret ,  5t h string) ,  o r 
(2n d fret ,  4t h string) .  Bullete d fret s cell s depic t  note s i n th e C  pentatoni c scale . 
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Figur e 3 .  T h e guitarist' s  typica l  setu p fo r  imitatin g a 
recorde d song .  Th e arrow s denot e trajectorie s fo r  movin g 
informatio n acros s differen t  media .  Th e guitaris t  use s th e 
left-mos t  loo p t o m o v e a  son g fragmen t  int o memory .  Th e 

rightmos t  "loop "  i s use d durin g th e imitatio n process .  Th e 
arro w wit h th e questio n mar k denote s a  possibl e visua l 
pathwa y tha t  ca n b e exploite d t o assis t  th e imitatio n 
process ,  a  centra l  topi c o f  thi s paper . 

multiple ways to play a note. For example, a given note 
m ay b e playe d soft ,  loud ,  o r  dampene d (palm-muted) ;  o r  i t 
m ay b e sustaine d fo r  severa l  beat s wit h o r  withou t  a 
tremolo .  Moreover ,  instea d o f  simpl y depressin g a  fre t 
location ,  a  guitaris t  m a y depres s a  lowe r  fre t  locatio n an d 
m o ve th e strin g sideways ,  a n actio n know n a s bending . 
Bendin g simulate s playin g a  highe r  fre t  locatio n (fo r 
example ,  instea d o f  playin g a  "b "  b y depressin g th e 7t h 
fret ,  1s t  string ;  a  guitaris t  ca n depres s th e strin g ove r  th e 
5t h fret ,  a n "a" ,  an d ben d u p t o a  " b " ) .  Finally ,  mos t  song s 
hav e a  comple x an d length y melody ,  an d reproducin g th e 
melod y require s tha t  th e guitaris t  remember s a  length y 
sequenc e o f  note s (se e Tabl e 1) .  Assumin g al l  th e note s 
an d chord s ar e hear d an d remembere d correctly ,  th e 
guitaris t  mus t  stil l  ge t  th e timin g right ;  th e note s an d 
chord s mus t  b e played ,  i n th e correc t  sequence ,  wit h a 
certai n tempora l  spacing ,  an d fo r  a  certai n length .  Th e 
followin g section s loo k a t  som e o f  th e way s guitaris t  wor k 
aroun d thes e difficultie s durin g son g imitation . 

Knowledge 1 & 2: The importance of chord changes 
a n d th e song' s ke y 

Non-musician s thin k o f  th e changin g melod y a s th e 
definin g characteristi c fo r  a  song .  However ,  guitarist s vie w 
a song' s chor d change s a s it s definin g characteristi c an d 
thu s focu s o n imitatin g chor d change s instea d o f  melod y 
changes .  A n analysi s o f  4 5 Jim i  Hendri x son g 
transcription s i n th e Interne t  guita r  archiv e 
(ftp.nevada.edu) ,  sho w tha t  3 1 o f  th e song s include d chor d 
changes ,  an d n o explici t  melod y transcriptions .  Imitatin g 
chor d changes ,  instea d o f  melod y changes ,  ha s importan t 
implication s fo r  wha t  need s t o b e remembered .  A  son g ca n 
hav e a  fairl y  comple x an d changin g melody ,  bu t  th e chor d 
change s underlyin g th e melod y ar e les s complex .  Conside r 
th e c o m m o n nurser y son g "Twinkl e twinkl e littl e star " 
(hereafter .  Twinkle* )  b y Hayde n i n th e ke y o f  C  (se e Tabl e 
I) .  Thi s son g use s onl y thre e chords :  C ,  F ,  an d G . 
However ,  th e melod y use s si x o f  th e seve n note s i n th e C -
majo r  scale .  A  son g i n th e ke y o f  C  mean s tha t  C  i s th e 
roo t  sound .  Th e roo t  soun d give s th e son g a  sens e o f 

completion ,  an d mos t  othe r  chord s i n th e son g mov e 
toward s th e roo t  (not e tha t  i n Twinkle *  th e C  chor d mor e 
tha n doubl e th e othe r  chords ,  1 1 ou t  o f  20) .  Th e notio n o f 
"sens e o f  completion "  i s difficul t  t o operationalize ,  bu t  th e 
analog y i s tha t  o f  th e las t  wor d i n a  sentence .  I f  th e son g 
doe s no t  en d wit h tha t  chord ,  th e son g doe s no t  see m 
finished.  Mos t  song s i n th e ke y o f  X .  star t  of f  i n X  an d en d 
i n X .  Thus ,  bot h Houn d D o g (se e Tabl e 2 )  an d Twinkle * 
star t  of f  wit h a  C  chor d an d en d wit h a  C  chord . 

Table 1. Twinkle Twinkle Little Star by Hayden (in the 
key o f  C ) 

Chord * 
Malod y 
Lyric * 
Chord s 
Malod y 
Lyric B 
Chord B 
Melod y 
Lyric B 

C F  C 
c c  g  g  a  a  g 
Twinkl e twinkl e littl e star . 

F C  G 
g g £ £  e  e  d 
Up abov e th e worl d s o high . 
C F  C 
c c  g  g  a  a  g 
Twinkl e twinkl e littl e star . 

Tabl e 2 .  Houn d D o g b y Elvi s 

Chord s 
Melod y 
Lyric s 
Chord s 
Melod y 
Lyric s 
Chord s 
Melod y 
Lyric s 

G C  G  C 
f  f  e  e  d  d  c 
How I  wonde r  wha t  yo u ar e 
C F  C  G 
g g i t  e  e  d 
Lik e a  diamon d i n th e sk y 
G C  G  C 
f  £  e  e  d  d  c 
How I  wonde r  wha t  yo u ar e 

Presle y (i n th e ke y o f  C ) 

1 
d» d « d i  d « d i  d « c 
You ain t  nothin g bu t  a  houn c 

F 
d» d » d « d « d « d » c 
You ain t  nothin g bu t  a  houn c 

G 
d« d » d  d  d  d  d  d 
You ain t  neve r  caugh t  a  rab b 

c d » g  a c e 
dog,  Scratchin g al l  th e tim e 

C 
d# d* t  g  a c e 
dog,  Scratchin g al l  th e tim e 

F C 
d d  d # d  d  c  c 

i t  S.  yo u ain' C a  frien d o f  min e 
O ne m a y thin k a  roc k an d rol l  son g i s mor e comple x 

tha n a  c o m m o n nurser y song ,  bu t  whe n comparin g Houn d 
Dog,  b y Elvi s Presle y wit h Twinkle *  b y Hayden .  th e 
complexit y o f  th e nurser y son g become s apparent .  Lik e 
Twinkle* .  Houn d D o g utilize s onl y thre e chord s (C .  F ,  G ) , 
an d five  differen t  tone s (c ,  d ,  d# ,  g ,  a) .  However ,  th e 
chord s chang e les s ofte n si x time s fo r  Houn d Do g (C .  F ,  C , 
G,  F ,  C )  a s oppose d t o twent y time s fo r  Twinkl e Twinkl e 
Littl e Sta r  (C ,  F ,  C ,  G ,  C ,  G ,  C ,  F .  C ,  G ,  C ,  F .  C .  G .  C .  F . 
C,  G ,  C ,  G ,  C ) .  I n eithe r  case ,  th e guitaris t  ca n reduc e th e 
memory requirement s fo r  imitatin g a  song .  b > onl > 
imitatin g chor d changes . 

Knowledge 3: Many songs conform to stiindard 
chor d progression s (I-IV-V ) 

The imitatio n tas k i s furthe r  simplifie d b y th e l.>li..\nnj. ' 
regularity :  man y roc k an d rol l  songs ,  an d almos t  al l  hlut- s 
styl e songs ,  follo w a  I-IV- V progression ,  fo r  i-xampl t 
Hound Do g i s i n th e ke y o f  C ,  whic h mean s tha i  ih c rm w 
chor d i s C .  Assig n C  th e valu e on e (usuall > writte n a v ih c 
roma n numeral ,  I) .  Countin g up ,  D  woul d b e aNMj:nci )  j 
tw o (II) ,  E  thre e (III) ,  F  fou r  (IV) ,  G  five  (V) ,  A  m \  .\Ii . 
and B  seve n (VII) .  Houn d Dog' s chor d change s onl v 
involv e C  (I) ,  F  (IV) ,  an d G  (V) .  Thus ,  i t  i s  a  I-IV- V 
progression ,  eve n thoug h th e actua l  change s d o no i  g o 
strictl y fro m I  t o I V t o V .  Twinkle *  i s als o a  I-IV- V 
progression .  Thu s a  guitaris t  ca n classif y song s base d o n 
chor d progressions ,  furthe r  reducin g th e memor y 
requirement s fo r  imitatin g a  song . 

Furthermore ,  durin g th e initia l  stage s o f  imitatin g chor d 
progressions ,  knowin g th e ke y an d a  se t  o f  standar d chor d 
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s 

1 

i 

key  ̂ ^ ^  chord s 

key: tonality. 

song 
for m •  ^  lo m 

, modality ^^^ scal d 

Figur e 4 .  T w o commonl y use d pentatoni c scale s i n th e ke y 
of  A .  Thes e scale s ar e represente d a s lightly-fille d circles . 
The dark-fille d circle s denot e othe r  pentatoni c scal e 
members redundantl y distribute d acros s th e fretboard . 
Almos t  al l  thes e note s soun d "good "  whe n improvise d ove r 
a I-IV- V progressions . 

progressions reduces the space of chords that need to be 
tried .  Give n tha t  th e guitaris t  ha s determine d on e o f  th e 
chords ,  b e i t  th e I ,  IV ,  o r  th e V ,  th e nex t  possibl e chor d i s 
limite d t o on e o f  th e othe r  tw o chords .  A s a  final  note , 
spac e limitation s onl y allo w u s t o describ e on e o f  th e 
common chor d progressions ,  I-IV-V .  Ther e ar e als o man y 
othe r  progression s suc h a s th e ii-V ,  I-vi-IV-V ,  an d als o 
regularitie s i n change s betwee n thes e chord s tha t  reduce s 
th e spac e o f  chord s th e guitaris t  ha s t o conside r  durin g th e 
imitatio n process .  However ,  th e basi c ide a i s th e same . 
Give n tha t  th e guitaris t  knows :  th e song' s key ,  ha s 
categorize d th e son g a s fitting  a  c o m m o n progression ,  an d 
knows a t  leas t  on e o f  th e chords ,  th e nex t  chor d i s likel y t o 
be on e o f  th e remainin g chord s i n th e chor d progression . 
Thus th e decisio n spac e fo r  th e chord s whic h th e guitaris t 
shoul d tr y i s  reduced . 

Knowledge 4: Pentatonic scales and Improvising 

The typica l  roc k son g include s a  guita r  solo ,  whic h 
guitarist s ofte n imitat e i n additio n t o th e chor d changes . 
The guita r  sol o i s usuall y playe d ove r  a  song' s chor d 
change s an d substitute s fo r  th e melod y line .  Guita r  solos ,  i f 
imitate d a t  all ,  ar e usuall y learne d afte r  th e chor d changes . 
W h en quizze d a s t o why ,  on e informan t  explained : 
"Becaus e yo u nee d t o kno w th e ke y th e son g i s in. "  Recal l 
tha t  th e ke y i s usuall y associate d wit h th e las t  o r  first  chor d 
i n a  song .  Onc e th e ke y i s know n th e guitaris t  ca n usuall y 
coun t  o n th e solo' s note s comin g fro m a  pentatoni c scal e 
whose roo t  not e i s th e sam e a s th e song' s key .  I n th e ke y o f 
C,  thos e note s ar e C ,  D# ,  F ,  G ,  an d A # (se e Figur e 1) ;  i n 
th e ke y o f  A ,  the y ar e A ,  B# ,  D ,  E ,  G  (se e Figur e 4) . 
However ,  guitaris t  d o no t  normall y thin k o f  th e pentatoni c 
scal e a s a  particula r  collectio n o f  notes .  Instea d the y vie w 
th e pentatoni c scal e a s a  particula r  patter n o n th e fretboar d 
of  th e guita r  startin g o n a  give n fre t  (se e Figur e 1  fo r  a 
pentatoni c scal e i n th e ke y o f  C ,  startin g o n fre t  8) .  Thi s 
same patter n i s transposabl e t o othe r  key s a s well ,  thu s 
eliminatin g th e nee d t o remembe r  differen t  scale s fo r 
differen t  keys .  Fo r  example ,  th e pentatoni c scal e i n A  i s 
th e exac t  sam e patter n a s C ,  onl y shifte d u p 3  fret s (startin g 
on fre t  5) .  A s anothe r  example ,  th e pentatoni c scal e i n th e 
key o f  D  i s th e exac t  sam e patter n bu t  shifte d dow n tw o 

8 

Figur e 5 .  Som e o f  th e ke y piece s o f  knowledg e possesse d 
by roc k guitarists .  Ca n thes e structure s b e distributed ? 

frets (starting on fret 10). Another interesting scale 
property ,  relevan t  t o improvising ,  i s  tha t  mos t  o f  th e note s 
i n th e scal e soun d goo d ove r  th e chor d changes .  Eve n a 
rando m selectio n o f  note s fro m th e correc t  pentatoni c scal e 
soun d good .  Thi s reduce s th e space s o f  note s tha t  hav e t o 
be trie d durin g improvisation ,  an d ca n hid e error s whic h 
th e guitaris t  make s durin g improvisation . 

Many guitarist s d o no t  imitat e a  song' s guita r  solo . 
Instead ,  th e guitarist s improvis e thei r  ow n solo s b y playin g 
note s fro m a  pentatoni c scale .  I n fact ,  mos t  guitarist s thin k 
of  improvisatio n a s simpl y playin g th e correc t  scal e ove r  a 
sequenc e o f  chor d changes .  Fo r  roc k an d rol l  an d blue s 
songs ,  knowledg e o f  pentatoni c scale s an d a  song' s ke y i s 
usuall y sufficien t  fo r  improvising .  However ,  wit h mor e 
complicate d songs ,  a  guitaris t  need s t o know :  (a )  th e tona l 
cente r  o f  th e song ;  an d (b )  th e modalit y o f  th e song . 
Collectively ,  thes e tw o item s denot e th e song' s key ,  whic h 
subsequentl y constrain s differen t  kind s o f  scal e patterns . 

RE-DISTRIBUTING COGNITION: CHANGING THE 
S O NG I M I T A T I O N T A S K I N T O A  L O O K I N G T A S K 

A centra l  imitatio n activit y i s determinin g chor d changes . 
The chor d change s constrai n a  key ,  whic h i n tur n 
constrain s a  scale ,  whic h ca n the n b e use d fo r  improvisin g 
or  t o hel p wit h imitatin g a  guita r  sol o (se e Figur e 5) . 
Moreover ,  th e roc k guitaris t  ca n rel y o n mos t  song s 
belongin g t o a  se t  o f  c o m m o n chor d progressions ,  suc h a s 
th e I-IV-V .  Wha t  wa s no t  discusse d wa s ho w guitarist s 
determin e th e othe r  chord s i n a  progressio n onc e th e ke y 
(again ,  usuall y th e first  chor d i n a  song )  wa s known .  Tak e 
fo r  example ,  a  I-IV- V progressio n i n th e ke y o f  C .  B y 
definition ,  th e I-chor d i s a  C-chord ,  bu t  ho w doe s th e 
guitaris t  determin e tha t  th e I V chor d an d V  chord s ar e F 
and G ,  respectively .  On e wa y i s fo r  th e guitaris t  t o 
mentall y coun t  upward s fro m C .  Alternatively ,  th e 
guitaris t  ca n als o memoriz e al l  twelv e I-IV- V patterns . 
Bot h approache s ca n b e difficult ,  th e forme r  require s 
interna l  computin g effor t  whil e th e latte r  require s memor y 
(se e Figur e 6) .  However ,  a n alternativ e approac h base d o n 
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• x i s 1 ,  d  i s 2 , 

e i s 3 ,  f  i s 4 , 

g i s 5 

Figur e 6 .  Th e guitaris t  usin g open-chord s eithe r  ha s t o 
remember  th e chord s relativ e t o th e root ,  o r  mentall y 
calculat e them . 

the distributed cognition frameworic, is to redistribute the 
cognitio n s o tha t  instea d o f  relyin g o n interna l 
computation s o r  interna l  memory ,  th e tas k i s transforme d 
int o on e wher e mor e perceptua l  mechanism s ar e employed . 
Fortunately ,  th e structur e o f  th e guitar' s fretboar d allow s 
suc h a  redistributio n o f  cognition .  T o understan d thi s 
redistribution ,  conside r  th e us e o f  open-chord s versu s ba r 
chords . 

Guitarist s typicall y lear n onl y th e ope n chord s whe n the y 
star t  playing .  Suc h chord s ar e fingered  withi n th e first five 
fret s o f  th e guitar ,  an d the y ar e use d b y novice s becaus e 
the y ar e easie r  t o for m tha n ba r  chord s (se e Figur e 7 ,  row s 

1 an d 2) .  Not e h o w th e roo t  chor d i n th e ke y o f  C  (Figur e 
7,  ro w I ,  co l  I )  look s differen t  fro m th e roo t  chor d i n th e 
ke y o f  D  (Figur e 7 ,  ro w 2 ,  co l  1) .  I f  a  son g doe s no t  follo w 
th e rul e o f  th e "firs t  o r  las t  chor d bein g th e key, "  the n ther e 
i s n o visua l  indicatio n o f  th e root .  Th e guitaris t  mus t  rel y 
on th e interna l  notio n o f  "sens e o f  completion "  t o 
determin e th e key .  Moreover ,  th e guitaris t  mus t  memoriz e 
12 differen t  open-chor d fingerings  an d give n a  roo t  chor d 
(I) ,  mus t  mentall y calculate ,  o r  remembe r  wha t  th e I V an d 
V chord s ar e fo r  al l  twelv e keys . 

Bar-chord benefits 1 and 2: Seeing the root, and 
lookin g w h e r e th e othe r  chord s shoul d b e 

Consider ,  however ,  th e us e o f  bar-chords .  Ther e ar e tw o 
basi c types ,  root- 6 ba r  chord s (se e Figur e 7 ,  row s 3  &  4 , 
col .  1) ,  an d root- 5 ba r  chord s (se e Figur e 7 ,  row s 3  &  4 , 
col .  1  &  2) .  Ba r  chord s typicall y us e th e inde x finger  t o 
depres s al l  th e string s o n a  give n fret ,  whil e th e othe r 
fingers  depres s lowe r  fre t  region s (se e Figur e 7 ,  row s 3  an d 
4) .  Not e h o w th e roo t  chor d i n th e ke y o f  C  (Figur e 7 ,  ro w 
3,  col .  1 )  look s th e sam e a s th e roo t  chor d i n th e ke y o f  D 
(Figur e 7 ,  ro w 4 ,  col .  I) .  Beside s a  structura l  regularit y fo r 
th e I-chord ,  th e us e o f  ba r  chord s als o introduc e a  spatia l 
regularity .  T h e fou r  an d five  chords ,  however ,  loo k th e 
same i n bot h key s (Figur e 7 ,  row s 3  &  4 ,  cols .  2  &  3) . 
Thus ,  th e guitaris t  doe s no t  nee d t o remembe r  differen t 
fingerings  fo r  th e I V an d V  chords ;  onl y thei r  ba r  locatio n 
— th e fre t  wher e th e inde x finger  make s a  ba r  — changes . 

Figur e 7 .  Open-chord s an d bar-chord s fo r  a  I-IV- V 

progressio n i n th e key s o f  C  an d D 
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I n fact ,  b y movin g th e root- 6 an d root- 5 bar s u p an d dow n 
th e fret s al l  1 2 differen t  possibl e chord s ca n b e generated , 
thu s th e guitaris t  onl y need s t o remembe r  2  chor d 
fingerings.  N o w on e ma y complai n tha t  th e guitaris t  stil l 
need s t o remembe r  th e 1 2 differen t  location s t o plac e th e 
bar  fo r  th e 1 2 differen t  chords .  However ,  th e fretboar d 
impose s som e spatia l  regularitie s whic h reduc e th e 
guitarist' s  nee d t o remembe r  wher e t o plac e th e ba r  chord . 
Th e I V chor d i s alway s t o th e lef t  o f  th e I-chord ,  an d th e V 
chor d i s alway s tw o fret s belo w th e I V chord .  Ther e ar e 
othe r  spatia l  regularitie s fo r  th e othe r  nin e chords .  Thus , 
give n a  key ,  th e guitaris t  ca n rel y o n thes e spatia l 
regularities ,  an d jus t  loo k an d se e wher e th e othe r  chord s 
shoul d be . 

Finally ,  thi s spatia l  regularit y mean s tha t  give n tha t  th e 
guitaris t  know s th e ke y (root-chord) ,  th e guitaris t  ca n 
dispens e wit h rememberin g th e label s (C ,  F ,  G )  fo r  th e 
variou s chords .  Th e I V chord s i s jus t  a  positio n t o th e right 
of  th e root-chord ,  an d th e V  chor d i s jus t  a  positio n t o th e 
righ t  an d d o w n severa l  fret s fro m th e roo t  chord . 

Bar-chord benefit 3: The similarity of external and 
interna l  representation s 

Ther e ar e othe r  benefit s t o usin g ba r  chords .  T o se e this , 
conside r  a  son g wit h a  I-IV- V chor d progressio n (e.g. , 
"Wil d Thing "  b y th e Troggs) ,  playe d i n bot h th e key s o f  C 
and D .  Mos t  listener s wil l  immediatel y recogniz e tha t  th e 
song s ar e th e same ,  excep t  tha t  on e (ke y o f  D  song )  sound s 
"higher "  tha n th e othe r  (ke y o f  C  song) .  However ,  th e I -
IV- V open-chord s i n th e ke y o f  C ,  loo k ver y differen t  fro m 
th e I-IV- V open-chord s i n th e ke y o f  D  (se e Figur e 7 ,  row s 
1 an d 2) .  Thi s differenc e o f  open-chor d appearanc e 
contradict s a  person' s interna l  sens e tha t  th e song s ar e 
similar .  Moreover ,  th e relationshi p betwee n th e song s — 
tha t  on e sound s "higher "  tha n th e othe r  — i s no t  preserve d 
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when usin g th e ope n chords .  However ,  whe n usin g bar -
chords ,  th e exac t  sam e chor d fingering s ar e use d excep t 
tha t  on e (ke y o f  D ,  roo t  a t  fret  10 )  star u tw o frets  belo w th e 
othe r  (ke y o f  C ,  roo t  a t  fret  8) .  Thus ,  usin g ba r  chord s 
preserve s a n individual' s sens e o f  similarit y betwee n th e 
same son g playe d i n tw o differen t  key s (se e Figur e 7 ,  row s 
3 an d 4) .  Moreover ,  th e relationshi p tha t  on e sound s 
highe r  tha n th e othe r  i s als o depicte d visuall y whe n usin g 
bar  chords ;  i n th e ke y o f  D ,  th e son g i s playe d tw o fret s 
highe r  tha n whe n playe d i n th e ke y o f  C . 

Lastly ,  ther e ar e als o socia l  implication s fro m usin g bar -
chords .  Fo r  example ,  a  guita r  teache r  tha t  use s bar-chord s 
makes th e regularitie s an d benefit s describe d abov e 
availabl e t o th e student .  A s anothe r  example ,  tak e a 
guitaris t  "sittin g in "  — a  gues t  musicia n — durin g a  ja m 
session .  I f  th e guitaris t  sittin g i n forget s th e chor d change s 
t o a  song ,  an d ther e i s anothe r  guitaris t  i n th e ban d usin g 
bar  chords ,  the n th e guitaris t  sittin g i n ca n watc h th e othe r 
guitaris t  fo r  a  whil e an d mor e easil y se e wha t  th e chor d 
change s are .  Bot h example s illustrat e h o w externall y 
observabl e representation s ca n provid e socia l  benefit s a s 
well . 

Pressing ,  J .  (1988) .  Improvisation :  Method s an d models . 
I n J .  A .  Slobod a (Ed ) .  Generativ e processe s i n 

music :  Th e psycholog y o f  performance . 

improvisation ,  an d composition .  Oxford .  U.K. : 

Clarendo n Press . 
Sloboda .  J .  A .  (1985) .  Th e musica l  mind :  Th e cognitiv e 

psycholog y o f  music .  Oxford ,  U.K. :  Carendo n 

Press . 

Summary 
Guitarist s ca n rel y o n bot h interna l  an d externa l  structure s 
t o hel p the m imitat e songs .  Th e dat a fro m ou r  stud y 
suggest s tha t  guitarist s first  imitat e a  song' s chor d 
progressions .  Th e chor d progression s defin e a  key ,  whic h 
the n constrain s a  scal e whic h ca n b e use d eithe r  fo r 
improvisin g o r  t o facilitat e imitatin g th e song' s guita r  solo . 
The imitatio n proces s ca n b e difficult ,  bu t  thi s difficult y ca n 
be alleviate d b y usin g th e prope r  externa l  structures ,  w e 
propose d on e suc h externa l  structure ,  th e ba r  chord ,  an d 
showe d h o w th e ba r  chor d coul d transfor m man y o f  th e 
imitatio n subtask s fro m one s whic h requir e interna l 
processin g an d memory ,  t o subtask s whic h involv e merel y 
lookin g i n th e worl d an d readin g a  solutio n of f  th e guitar' s 
fretboard .  Moreover ,  becaus e bar-chord s ar e visuall y 
availabl e t o othe r  guitarists ,  the y ca n facilitat e learnin g an d 
rememberin g i n a  socia l  context ,  suc h a s durin g a  ban d ja m 
session .  W e hop e ou r  researc h encourage s other s t o 
understan d naturall y occurrin g cognitiv e activit y a s a 
distribute d phenomenon . 
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