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

Title
An Activation-Trigger-Schema Model for the Simulation of Skilled Typing

Permalink
https://escholarship.org/uc/item/24s6s4mk

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 3(0)

Authors
Rumelhart, David E.
Norman, Donald A.

Publication Date
1981
 
Peer reviewed

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

https://escholarship.org/uc/item/24s6s4mk
https://escholarship.org
http://www.cdlib.org/


A n A c t i v a t i o n - T r i g g e r - S c h e m a M o d e l 
Fo r  t h e S i m u l a t i o n o f  Skille d T y p i n g 

David E. Rumelhart 
D o n a l d A .  N o r m a n 

D e p a r t m e n t  o f  P s y c h o l o g y 
a n d 

P r o g r a m i n Cogn i t i v e Sc ienc e 
C e n t e r  fo r  H u m a n In fo rma t i o n Process in g 

Univers i t y o f  Cal i fornia ,  S a n D i e g o 
L a Jolla ,  Cali forni a 9 2 0 9 3 

We than k Eilee n Conway ,  Donal d Genlner .  Jonatha n Grudin , 
Geoffro y Hinlon ,  Pau l  Rosenbloom ,  an d Crai g Wil l  fo r  thei r  assis -
tanc e an d man y discussion s wit h u s o n th e natur e o f  th e typin g 
data ,  thei r  wor k i n collectin g an d interpretin g typin g errors ,  an d 
thei r  discussion s o n th e underlyin g respons e nnechanism s Genlne r 
has provide d a  larg e se t  o f  keypres s reactio n lim e data .  Thi s ongo -
in g researc h an d th e severa l  larg e corpor a o f  dat a o n typin g perfor -
mance hav e bee n o f  considerabl e assistanc e t o u s i n th e preparatio n 
of  thi s pape r  (Th e severa l  studie s wil l  b e publishe d a s separat e 
researc h reports. ) 
Research support was provided by the Office of Naval 
Researc h an d th e Nava l  Ai r  Developmen t  Cente r  unde r  contrac t 
N00014-79-C-0323 . 
Requests for reprmts should be sent to David E. 
Rumelhart ,  Progra m i n Cognitiv e Scienc e C-015 ,  Universit y o f  Cal -
ifornia ,  Sa n Diego ,  L a Jolla ,  California ,  92093 ,  U S A 

Abstrac t 

We review the major phenomena of skilled typing and propose 
a mode l  o f  th e contro l  o f  th e hand s an d fingers  durin g typing .  Th e 
model  i s base d upo n a n Activation-Trigger-Schem a syste m i n whic h 
a hierarchica l  structur e o f  schemat a direct s th e selectio n o f  th e 
letter s t o b e type d and ,  then ,  control s th e han d an d finger  move -
ment s b y a  cooperative ,  relaxatio n algorith m Th e interaction s o f 
th e pattern s o f  activatio n an d inhibitio n amon g th e schemat a deter -
min e th e tempora l  orderin g fo r  launchin g th e keystroke s T o 
accoun t  fo r  th e phenomen a o f  doublin g errors ,  th e mode l  ha s onl y 
"type "  schemat a - -  n o "token "  schemat a -  wit h onl y a  wea k bindin g 
betwee n th e specia l  schem a tha t  signal s a  doublin g an d it s argu -
ment .  Th e mode l  exist s a s a  workin g compute r  simulatio n an d pro -
duce s a n outpu t  displa y o f  th e hand s an d fingers  movin g ove r  th e 
Keyboar d an d i t  reproduce s som e o f  th e majo r  phenomen a o f  typ -
ing ,  includin g th e interkeypres s latenc y times ,  th e patter n o f  tran -
spositio n error s foun d i n skille d typists ,  an d doublin g error s 
Althoug h th e mode l  i s clearl y inadequat e o r  wron g i n som e o f  it s 
feature s an d assumptions ,  i t  serve s a s a  usefu l  first  approximatio n 
fo r  th e understandin g o f  skille d typing . 

T h e Basi c P h e n o m e n a o f  Typin g 

The fundamental phenomena fall into three categories those 
involvin g timin g o f  keystrokes ,  thos e involvin g errors ,  an d thos e 
Involvin g th e genera l  organizatio n o f  th e typin g proces s I n thi s 
pape r  w e simpl y lis t  th e phenomen a I n a  large r  versio n o f  thi s 
paper ,  th e individua l  phenomen a ar e discusse d an d illustrate d i n 
detai l  (Rumelhar t  &  Norman .  1981 ) 
I: The liminE of keystrokes 
A People can type very quickly. 

B Cros s han d interstrok e interval s ar e shorte r  tha n thos e 
withi n hands . 

C Withi n han d interstrok e interval s appea r  t o b e a  functio n o f 
th e reac h fro m on e han d t o th e nex t 

D Th e tim e fo r  a  particula r  interstrok e interva l  ca n depen d o n 
th e contex t  i n whic h i t  occur s 

E Ther e i s a  negativ e correlatio n betwee n th e inier\al s o n suc -
cessiv e slrokes--especi.ill y  uhe n th e alternat e stroke s CK'Cu r 
on alternat e hand s 

II :  PiKer n o f  Error s 

A Transposition errors 
B Doublin g error s 
C.  Alternatio n reversa l  error s 
D Homologou s error s 
E Captur e error s 
F Omissio n error s 
G Misstroke s 

III: The general organization of typing 
A Skilled typists move their hands towards the keys in parallel 

B Th e unit s o f  typin g see m t o b e largel y a t  th e wor d leve l  o r 
smalle r 

C Sequence s involvin g cros s han d stroke s see m t o tak e longe r 
t o progra m tha n thos e involvin g onl y withi n han d stroke s 

A M o d e l  o f  Typ in g 

We have constructed a model that has the following properties: 

I. control of action sequences by means of schemata; 
2.  selectio n o f  appropriat e moto r  schemat a throug h a  combina -

tio n o f  activatio n valu e an d triggerin g condition ; 
3.  th e representatio n o f  lette r  typin g b y mean s o f  a  pur e typ e 

theor y (i.e. ,  on e wit h n o type-toke n distinction) . 
4.  th e nee d fo r  distribute d (local )  rathe r  tha n concentrate d 

(central )  contro l  o f  movement . 
The basic framework that we follow is called an Activation 
Triggere d Schem a syste m (ATS) .  Th e mode l  consist s o f  a  se t  o f 
schemata ,  eac h wit h activatio n values .  A  schem a ha s a n activatio n 
valu e tha t  reflect s th e tota l  amoun t  o f  excitatio n tha t  i t  ha s 
received .  W h e n appropriat e condition s hav e bee n satisfied ,  a 
schema ma y b e "triggered, "  a t  whic h tim e it s procedure s becom e 
operativ e an d contro l  whateve r  operation s the y specify . 
Figure 1 illustrates the basic structure of the model. The 
model  incorporate s th e A T S syste m plu s specifi c  contro l  mechan -
ism s fo r  th e activation s an d selectio n o f  particula r  han d an d finger 
movements .  Th e inpu t  o f  th e mode l  i s a  strin g o f  character s tha t 
constitut e th e tex t  t o b e type d Th e outpu t  i s a  sequenc e o f  finger 
movements ,  eithe r  displaye d o n a  visua l  computer-controlle d 
displa y a s th e movemen t  o f  th e hand s an d fingers  ove r  a  typewrite r 
keyboard ,  o r  a s a  serie s o f  coordinat e location s fo r  th e relevan t 
bod y parts . 
Figure 2 illustrates the basic assumptions of the activation pro-
ces s usin g th e wor d ver y a s a n example .  First ,  th e schem a fo r  th e 
wor d i s activate d b y th e perceptua l  syste m an d parse r  This ,  i n 
turn ,  activate s eac h o f  th e chil d schemat a fo r  keypresses .  E^c h 
keypres s schem a specifie s th e targe t  position ,  wit h positio n encode d 
i n term s o f  a  keyboar d centere d coordinat e system .  Thes e targe t 
position s ar e sen t  t o th e respons e syste m whic h the n mus t 
configur e th e pal m an d finger  position s properly .  Eac h keypres s 
schema inhibit s th e schemat a tha t  follo w it .  Thi s mean s tha t  prope r 
tempora l  orderin g o f  th e keypres s schemat a i s give n b y th e orderin g 
of  th e activatio n values .  I n addition ,  th e activatio n value s ar e 
noisy ,  whic h lead s t o occasiona l  errors . 
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Figur e 1 .  T h e informatio n processin g syste m involve d i n typing . 
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iniervals .  Moreover ,  th e correlatio n o f  mode l  lime s wll h actua l 
typin g time s fo r  th e 6 6 mos t  c o m m o n bigram s fro m ou r  dat a wit h 
th e dat a o f  6  subject s yield s a n overal l  correlatio n betwee n th e 
model  an d th e average d dat a o f  abou t  0.86 .  Th e fit  i s  no t  bad . 
however ,  th e mode l  clearl y doe s no t  accoun t  fo r  al l  tha t  i s  happen -
in g (Dat a fo r  five  o f  thes e subject s wer e collecte d b y Donal d 
Gentner. ) 
The model does produce errors in typing, the most important 
one s bein g transpositio n errors ,  doublin g errors ,  an d misstroke s 
Th e proportio n o f  error s i n th e mode l  i s  determine d b y th e amoun t 
of  nois e i n th e activatio n levels .  I n ou r  subject' s dat a w e observe d 
transposition s a t  abou t  a  rat e o f  I  fo r  ever y 180 0 keystrokes .  W e 
adjuste d th e nois e leve l  t o yiel d error s a t  a  rat e o f  abou t  I  fo r  ever y 
30 keystrokes .  Despit e th e larg e differenc e i n rate ,  th e basi c pat -
ter n o f  error s i s similar .  Fo r  example ,  a  larg e majorit y (7 6 percent ) 
of  th e transposition s i n th e simulatio n occu r  acros s hand s Thi s i s 
abou t  th e sam e a s ou r  subjec t  an d comparabl e t o value s reporte d 
fo r  others .  A t  th e leve l  o f  nois e employe d i n th e simulation ,  1 7 
doublin g error s wer e generated . 

igur e 2 .  Th e interactio n o f  activation s whe n th e wor d ver y i s t o 
;  typed .  Inhibitio n i s show n b y th e line s wit h soli d circle s a t  thei r 
rmination . 

Th e respons e syste m feed s bac k informatio n t o th e keypres s 
syste m abou t  th e curren t  locatio n o f  th e finger s Wheneve r  th e 
curren t  fmge r  positio n i s withi n som e criterio n distanc e o f  it s  targe t 
position ,  an d th e relevan t  schem a i s th e on e mos t  highl y activated , 
the n th e triggerin g condition s ar e satisfie d an d th e actua l  keystrok e 
I S launched . 

Repeated letters imply that there are no token schemata. 

A doubling error occurs when a word that contains a doubled-
Ictte r  i s  typed ,  bu t  wit h th e wron g lette r  doubled :  bok k instea d o f 
boo k A n alternatio n erro r  i s similar :  thse s instea d o f  these .  Th e 
doublin g erro r  ha s tw o majo r  implications .  First ,  i t  implie s tha t 
ther e ar e specia l  schemat a tha i  sign.n l  th e existenc e o f  double d 
letters ,  an d tha t  occasionall y thes e schemat a ge t  applie d t o th e 
wron g letters ;  th e bindin g betwee n th e doublin g schem a an d it s 
argumen t  i s  wea k Second ,  th e doublin g erro r  implie s tha t  eac h 
lette r  ca n onl y hav e a  singl e keypres s schema ;  onl y "types, "  n o 
"tokens "  I n th e model ,  th e argument s ar e no t  boun d t o th e sche -
mata ,  bu t  ar e establishe d vi a activatio n values .  Afte r  a  keystrok e 
schem a ha s bee n triggere d (an d afte r  th e resultin g launc h o f  th e 
keystroke) ,  thi s keypres s schem a ca n becom e "bound "  t o a  doublin g 
schem a i f  on e exist s wit h a  highe r  activatio n valu e tha n it s o w n 
Becaus e activatio n value s ar e noisy ,  occasionall y thi s lead s t o error s 
i n th e linkin g o f  keypres s schemat a t o a  doublin g schem a (Th e 
existenc e o f  alternatio n error s lead s t o essentiall y  th e sam e conclu -
sion. ) 
Movement 
In the model, each active schema pushes its relevant hand and 
finge r  towar d it s desire d ke y a t  th e sam e time ,  an d th e final  overal l 
configuratio n i s determine d b y th e competitio n amon g thes e forces . 
Each schem a pushe s wit h a  forc e proportiona l  t o it s  activatio n level . 
As a  result ,  th e force s ar e weighte d s o a s t o caus e th e lette r  schem a 
tha t  i s  nex t  i n lin e t o b e type d t o approac h it s ke y mos t  quickly . 
Th e actua l  locatio n o f  eac h finger  i s determine d b y th e s u m o f  th e 
extension s o f  th e finger  an d th e han d T o typ e a  particula r  type -
write r  key ,  i t  i s  onl y necessar y tha t  th e en d positio n b e correct . 
Th e endpoin t  configuratio n i s reache d throug h a n iterativ e relaxa -
tio n proces s tha t  onl y involve s loca l  computatio n Becaus e o f  th e 
unequa l  weightin g o f  activations ,  th e proces s wil l  eventuall y caus e 
th e mos t  highl y activate d schem a t o m o v e it s  finger-palm 
configuratio n t o withi n a  criterio n distanc e fro m it s targe t  key ,  satis -
fyin g th e trigge r  condition s an d launchin g th e keystroke . 

Appraisa l 

In order to evaluate the model, we gave it a text of slightly 
ove r  2.00 0 word s t o type .  Th e patter n o f  keystroke s an d lime s 
wer e collecte d fro m th e simulatio n an d analyze d i n exactl y th e 
same fashio n a s w e ha d analyze d th e dat a fro m ou r  h u m a n subject . 
Overall ,  th e fit  o f  th e mode l  t o th e man y phenomen a o f  typin g i s 
goo d Detaile d analyse s o f  th e mode l  performanc e indicat e tha t  th e 
simulatio n result s d o sho w abou t  th e ligh t  patter n o f  interstrok e 

Conclusio n 

We have constructed a working computer simulation of a model 
tha t  capture s th e appropriat e spiri t  o f  th e phenomen a observe d wit h 
h u m an typists ,  althoug h i t  doe s no t  ye t  offe r  a  complet e accoun t  o f 
th e typin g process .  Despit e th e lac k o f  a n interna l  cloc k o r  "metro -
n o m e"  fo r  liming ,  th e mode l  provide s a  reasonabl y goo d accoun t  o f 
th e timin g pattern s observe d a m o n g skille d typists ,  includin g th e 
predictio n o f  negativ e correlation s amon g successiv e keystrokes ,  a 
characteristi c o f  metronom e model s I n simila r  fashion ,  ther e ar e 
no specifi c  contex t  dependencie s buil t  int o th e mode l  an d ye t  th e 
tim e tha t  i t  take s t o strik e key s depend s upo n th e contex t  i n whic h 
the y occur .  W e hav e n o specifi c  store d timin g pattern s fo r  specifi c 
words ,  ye t  th e mode l  predict s tha t  word s hav e characteristi c tim e 
profiles .  W e hav e n o specifi c  mechanis m fo r  transpositio n errors , 
yet  ou r  mode l  generate s th e correc t  type s o f  transpositio n errors . 
Moreover ,  th e co-ordinativ e structur e assume d withi n th e mode l 
yield s a  qualitativ e emulatio n o f  th e patter n o f  overlappin g move -
ment s show n i n a  hig h spee d film  o f  a  typist . 
A number of conclusions can be drawn from our studies. First, 
th e existenc e o f  doublin g error s strongl y implie s th e existenc e o f  a 
pur e "type "  representatio n o f  th e keyboar d schemata ,  wit h thei r 
argument s onl y loosel y bound .  Second ,  th e natur e o f  th e skil l 
require s simultaneous ,  paralle l  contro l  o f  th e fingers  an d hands ,  an d 
thi s require s som e for m o f  negotiatio n proces s t o tur n th e poten -
tiall y  competitiv e movement s int o cooperativ e ones .  Th e degree s 
of  freedo m proble m ca n b e turne d int o a  degree s o f  freedo m vir -
tu e Third ,  th e mode l  mus t  incorporat e th e entir e environmen t 
withi n whic h th e typis t  operates ,  fro m th e readin g o f  th e text ,  t o 
th e cognitiv e an d moto r  contro l  systems ,  t o th e shape s an d 
mechanica l  characteristic s o f  th e hands ,  finger,  an d keyboar d 
Indeed ,  som e o f  th e limitation s o f  th e curren t  mode l  ma y reall y 
resul t  fro m limitation s o f  h o w wel l  w e deal t  wit h th e environmen t 
surroundin g th e contro l  processes .  Perhap s th e centra l  conclusio n 
t o b e draw n fro m ou r  analysi s o f  typin g deal s wit h th e natur e o f 
skille d moto r  co-ordinatio n W e propos e tha t  th e moto r  contro l 
syste m carrie s ou t  it s  computation s relativel y locall y an d i n parallel . 
We presum e tha t  suc h a  conclusio n wil l  b e prove n fo r  al l  skill s 
involvin g hig h spee d performance . 
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