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Quite often people must learn procedures from written 
instructions .  I n th e contex t  o f  th e currentl y developin g theor y 
of  procedura l  knowledg e an d cognitiv e ski l l ,  thi s tas k mus t 
involv e th e formatio n o f  productio n rule s fro m th e informatio n 
availabl e i n text .  Thi s proces s ha s no t  bee n systematicall y 
explored ;  th e result s reporte d her e provid e a n initia l 
characterization .  Tw o mai n conclusion s wil l  b e presented .  Th e 
firs t  i s  tha t  usin g a  productio n rul e representatio n ca n provid e a 
ver y precis e characterizatio n o f  th e difficult y o f  learnin g 
procedures .  Th e secon d i s tha t  apparentl y ther e ar e powerfu l 
comprehension-lik e processe s tha t  operat e ver y earl y i n learnin g 
on declarativ e representation s o f  productio n rules .  Thi s 
supplement s Anderson' s (1982 )  descriptio n o f  th e acquisitio n o f 
skil l ,  i n tha t  muc h o f  th e wor k o f  learnin g a  procedur e ca n tak e 
plac e befor e a  procedura l  representatio n ha s bee n formed . 

Our approach is to have subjects learn procedures for 
operatin g a  simpl e piec e o f  equipmen t  b y readin g step-by-ste p 
instructions .  B y measurin g th e readin g t ime ,  an d th e accurac y o f 
executio n o f  th e procedure ,  w e ar e abl e t o essentiall y  trac k th e 
acquisitio n o f  individua l  rules .  Th e procedure s ar e related ,  s o 
some transfe r  o f  trainin g i s possible .  A  majo r  resul t  i s  tha t 
thi s transfe r  ca n b e predicte d ver y wel l  base d o n th e productio n 
syste m representatio n fo r  th e procedures .  Thi s pape r  i s highl y 
condensed ;  ful l  detail s ca n b e foun d i n Kiera s an d Bovai r  (i n 
preparat ion) . 

METHOD 

The subjects learned how to operate a device consisting of a 
simpl e contro l  panel ,  whic h i s describe d i n Kiera s an d Bovai r  (i n 
press ,  i n preparat ion) .  Th e goa l  o f  operatin g th e devic e wa s t o 
ge t  a  certai n indicato r  ligh t  t o flash .  Eac h procedur e consiste d 
of  severa l  steps ,  illustrate d i n Table s 1  an d 2 .  Tabl e 1  i s th e 
procedur e fo r  a  "normal "  situation ,  i n whic h th e devic e i s 
operatin g properly .  Tabl e 2  i s th e procedur e fo r  a  "malfunction " 
situation .  Th e devic e coul d b e i n on e o f  severa l  malfunctio n 
states ,  i n whic h som e imaginar y componen t  o f  th e devic e wa s no t 
operating .  Dependin g o n th e natur e o f  th e malfunction ,  th e devic e 
eithe r  coul d b e mad e t o wor k b y a n alternat e procedure ,  o r  coul d 
not .  Th e fina l  ste p i n eac h procedur e wa s t o signa l  succes s o r 
failur e i n gettin g th e devic e t o work .  Not e tha t  thi s wa s a  rot e 
learnin g situation ;  th e interna l  organizatio n o f  th e devic e wa s 
no t  taugh t  t o th e subjects .  Eac h subjec t  learne d a  serie s o f  1 0 
suc h procedure s i n a  fixe d order .  Ther e wer e thre e differen t 
orders ,  chose n a s describe d below ,  wit h a  separat e grou p o f  2 0 
subject s fo r  eac h order . 
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Tabl e 1 
An Exampl e o f  a  "Normal "  Procedur e 

I f  th e comman d i s t o d o th e MA procedure ,  the n d o th e following : 

Step 1. Turn the SP switch to ON. 

Step 2. Set the ES selector to MA. 

Step 3. Press the FM "button, and then release it. 

Step 4. If the PF indicator flashes, 
the n notic e tha t  th e operatio n i s successful . 

Ste p 3 '  Whe n th e P F indicato r  stop s f lashing ,  se t  th e E S selecto r  t o N 

Ste p 6 .  Tur n th e S P switc h t o OFF . 

Step 7. If the operation was successful, 
the n typ e " S "  fo r  success . 

Ste p 8 .  Procedur e i s finished . 

Tabl e 2 
An Exampl e o f  a  "Malfunction "  Procedur e 

I f  th e comman d i s t o d o th e M A procedure ,  the n d o th e following : 

Step 1 . Turn the SP switch to ON. 

Step 2. Set the ES selector to MA. 

Step 3. Press the PM button, and then release it. 

Step 4. If the PF indicator does not flash, 
the n notic e tha t  ther e i s a  malfunction . 

Ste p 5 « I f  th e E B indicato r  i s on ,  an d th e MA indicato r  i s off , 
the n notic e tha t  th e malfunctio n migh t  b e compensate d for . 

Ste p 6 .  Se t  th e E S selecto r  t o SA . 

Step 7. Press the FS button, and then release it. 

Step 8. If the PF indicator does not flash, 
the n notic e tha t  th e malfunctio n ca n no t  b e compensate d for . 

Ste p 9 -  Se t  th e E S selecto r  t o N . 

Step 10. Turn the SP switch to OFF. 

Step 11. If the malfunction could not be compensated for, 
the n typ e "N "  fo r  no t  compensated . 

Ste p 12 .  Procedur e i s finished . 
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To learn each procedure, the subjects first read a set of 
step-by-ste p instruction s fo r  th e procedure ,  suc h a s thos e i n 
Table s 1  an d 2 ,  an d the n attempte d t o execut e th e procedur e o n th e 
device .  I f  the y mad e a n error ,  the y wer e immediatel y informed , 
and the n bega n t o rea d th e instruction s again .  The y wer e require d 
t o execut e th e procedur e correctl y thre e time s i n a  ro w befor e 
precedin g t o th e nex t  procedure .  Th e dat a recorde d wer e th e 
readin g tim e o n eac h ste p o f  th e instructions ,  th e accurac y o f 
eac h ste p whil e executin g th e procedure ,  an d th e spee d an d 
accurac y o f  a  fina l  retentio n test ,  whic h wil l  no t  b e discusse d 
here . 

THEORETICAL ANALYSIS 

The step-by-step instructions exemplified in Tables 1 and 2 
wer e prepare d s o tha t  eac h sentenc e i n th e instruction s appeare d 
t o correspon d t o a  singl e productio n rule ,  on e fo r  eac h ste p o r 
actio n (interna l  o r  external )  involve d i n th e procedure .  Eac h 
procedur e coul d the n b e expresse d a s a  serie s o f  productio n rules . 
Tabl e 3  provide s a n exampl e correspondin g t o Tabl e 1 .  Th e synta x 
of  thes e rule s i s ver y simpl e an d wil l  no t  b e discusse d here .  Se e 
Kiera s an d Poiso n (i n press )  fo r  a  ful l  descriptio n o f  th e 
productio n syste m notation ,  alon g wit h a  descriptio n o f  th e 
user-devic e interactio n simulatio n tha t  wa s use d t o tes t  th e 
productio n rule s fo r  accuracy .  Th e system' s workin g memor y 
contain s description s o f  eithe r  GOALS,  o r  NOTES,  whic h consis t  o f 
non-goa l  item s concernin g processe s underway ,  th e environment ,  o r 
specification s o f  th e task s t o b e accomplished . 

In earlier work with this device (see Kieras and Bovair, 
1983 )  i t  wa s notice d tha t  th e tim e require d t o lear n th e 
procedure s unde r  rot e condition s varie d ove r  a  ver y wid e range . 
Obviou s variable s lik e th e numbe r  o f  step s i n th e procedure ,  o r 
seria l  order ,  coul d no t  explai n thi s variation .  Rather ,  th e 
explanatio n appeare d t o li e i n th e orde r  i n whic h th e procedure s 
wer e learned ,  an d th e relatio n betwee n th e step s i n a  ne w 
procedur e an d thos e tha t  th e subject s ha d alread y learned .  A 
transfe r  proces s wa s define d t o explai n ho w thi s transfe r  o f 
trainin g woul d wor k i n term s o f  productio n rules ,  an d formalize d 
as a  LIS P program . 

The transfer process compares the production rules for a new 
procedur e wit h th e productio n rule s fo r  al l  th e procedure s tha t 
hav e alread y bee n learned .  Eac h rul e i n th e ne w procedur e ca n 
the n b e place d i n on e o f  thre e categories :  Th e rul e i s identica l 
t o a  previousl y learne d rule ,  o r  th e rul e i s completel y ne w 
compare d t o th e alread y learne d rules ,  o r  i t  i s  generalizabl e wit h 
an ol d rule .  Th e generalizabl e categor y require s som e 
explanation :  I f  th e rul e fro m a  ne w procedur e i s simila r  t o a n 
alread y know n rule ,  differin g i n onl y on e ter m i n th e descriptio n 
of  a  goa l  o r  not e i n workin g memory ,  the n thi s ter m i n th e ol d 
rul e ca n b e replace d wit h a  "wil d card, "  whic h matche s an y ter m i n 
memory,  an d th e rul e fro m th e ne w procedur e ca n b e discarded . 



Tabl e 3  "  ,. , 
Exampl e o f  Productio n Rule s ^^ 1 

(MA-N-START 
I P (AN D (TEST-GOA L DO MA PROCEDURE) 

(NOT (TEST-GOA L D O ?? ? STEP)) ) 
THEN ((ADD-GOA L DO SP-O N STEP) )  ) 
(MA-N-SP-ON 
I F (AN D (TEST-GOA L DO MA PROCEDURE) 

(TEST-GOAL DO SP-O N STEP) ) 
THEN (fOPERATE-CONTROL *3 P ON) 

(WAIT-POR-DEVICE ) 
(DELETE-GOAL DO SP-O N STEP) 
(ADD-GOAL DO ES-SELECT STEP) )  ) 

(HA-N-ES-SELECT 
I F (AN D (TEST-GOA L DO MA PROCEDURE) 

(TEST-GOAL DO ES-SELECT STEP) ) 
THEN ((OPERATE-CONTROL 'ES S MA) 

(WAIT-FOR-DEVICE ) 
(DELETE-GOAL D O ES-SELECT STEP) 
(ADD-GOAL DO FM-PUSH STEP) )  ) 

(MA-N-FM-PUSH 
I P (AN D (TEST-GOA L DO MA PROCEDURE) 

(TEST-GOAL DO FM-PUSH STEP) ) 
THEN ((OPERATE-CONTROL •P M PUSH) 

(WAIT-FOR-DEVICE ) 
(OPERATE-CONTROL *P M RELEASED) 
(DELETE-GOAL DO PM-PUSH STEP) 
(ADD-GOAL DO PPI-CHEC K STEP) )  ) 

(MA-N-PPI-CHECK 
I P (AN D (TEST-GOA L DO MA PROCEDURE) 

(TEST-GOAL DO PPI-CHEC K STEP) 
(LOOK 'PP I  FLASHING) ) 

THEN ((ADD-NOT E OPERATION SUCCESSFUL) 
(DELETE-GOAL DO PPI-CHEC K STEP) 
(ADD-GOAL DO ES- N STEP) )  ) 

(HA-N-ES-N 
I P (AN D (TEST-GOA L D O MA PROCEDURE) 

(TEST-GOAL DO ES- N STEP) 
(LOOK •PP I  OPP) ) 

THEN ((OPERATE-CONTROL •ES S N ) 
(WAIT-POR-DEVICE ) 
(DELETE-GOAL DO ES- N STEP) 
(ADD-GOAL DO SP-OF P STEP) )  ) 

(MA-N-SP-OPP 
I P (AN D (TEST-GOA L D O MA PROCEDURE) 

(TEST-GOAL DO SP-OP P STEP) ) 
THEN ((OPERATE-CONTROL *S P OFF) 

(WAIT-POR-DEVICE ) 
(DELETE-GOAL DO SP-OP P STEP) 
(ADD-GOAL DO TA P STEP) )  ) 

(MA-N-TAP 
I P (AN D (TEST-GOA L DO MA PROCEDURE) 

(TEST-GOAL DO TA P STEP) 
(TEST-NOTE OPERATION SUCCESSFUL)) 

THEN ((DELETE-NOT E OPERATION SUCCESSFUL) 
(ADD-NOTE TYPE S-PO R SUCCESS) 
(DELETE-GOAL D O TA P STEP) 
(ADD-GOAL DO FINIS H STEP) )  ) 

(MA-N-FINISHED 
I F (AN D (TEST-GOA L DO MA PROCEDURE) 

(TEST-GOAL DO FINIS H STEP) 
(TEST-NOTE TYPE S-PO R SUCCESS)) 

THEN ((DELETE-NOT E TYPE S-PO R SUCCESS) 
(DELETE-GOAL DO FINIS H STEP) 
(DELETE-GOAL DO MA PROCEDURE))  ) 
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The assumption is that the only rules that require 
substantia l  effor t  t o lear n ar e th e completel y ne w ones ;  th e 
identica l  an d generalizabl e rule s shoul d b e ver y eas y t o learn , 
sinc e al l  o r  almos t  al l  o f  thei r  conten t  i s alread y known .  Thus , 
th e numbe r  o f  ne w rule s i n a  procedur e shoul d b e closel y relate d 
t o th e difficult y o f  learnin g th e procedure .  I n th e dat a reporte d 
i n th e rot e conditio n i n Kiera s an d Bovai r  (1983 )  th e numbe r  o f 
new rule s i n a  procedur e account s fo r  79 ^  o f  th e varianc e amon g 
th e mea n trainin g time s fo r  th e 1 0 procedures ,  supportin g th e 
valu e o f  th e productio n syste m analysi s o f  transfe r  i n th e 
learnin g o f  procedures . 

By using three different training orders, this study was 
designe d t o ge t  a  mor e comprehensiv e se t  o f  dat a o n th e relatio n 
of  th e productio n rul e representatio n t o transfe r  o f  training . 
The thre e differen t  trainin g order s wer e chose n b y analyzin g th e 
productio n rul e set s fo r  eac h procedur e usin g th e transfe r  proces s 
program ,  an d selectin g trainin g order s tha t  produce d substantia l 
variatio n i n th e numbe r  o f  ne w rule s i n eac h procedure ,  an d als o 
th e numbe r  o f  ne w rule s i n eac h seria l  positio n i n th e trainin g 
order -

RESULTS 

Trainin g Tim e 

The tota l  trainin g tim e fo r  a  procedur e i s define d a s 
startin g whe n a  subjec t  begin s th e firs t  readin g o f  th e firs t 
sentenc e o f  th e instructions ,  unti l  th e las t  ste p o f  th e las t 
attempte d execution .  Th e trainin g time s fo r  eac h subjec t  o n eac h 
procedur e i n th e thre e trainin g orde r  condition s ( a tota l  o f  60 0 
observations )  wer e analyze d wit h multipl e regressio n i n term s o f 
th e transfe r  statu s o f  th e rule s i n eac h procedure .  Figur e 1 
shows th e predicte d an d observe d mea n time s an d th e fina l 
regressio n equation .  Th e mos t  importan t  predicto r  variabl e wa s 
th e numbe r  o f  ne w rule s i n eac h procedur e (NEW) ,  whic h alon e coul d 
accoun t  fo r  69 ^  o f  th e variance .  Th e partia l  regressio n 
coefficien t  fo r  NE W i s substantiall y  large r  tha n thos e fo r 
identica l  (OLD )  rule s an d generalizabl e rule s (GEN) ,  whic h wer e 
ver y similar .  I n addition ,  ther e wer e othe r  effects ,  notabl y som e 
learning-to-lear n effect s (FIRS T an d ORDER),  an d a n apparen t 
"overload "  effec t  (C2PIRST) ,  i n whic h th e firs t  procedur e i n th e 
secon d trainin g orde r  conditio n wa s ver y comple x an d too k a n 
extremel y lon g amoun t  o f  tim e t o learn .  Detail s appea r  i n Kiera s 
and Bovai r  (i n preparat ion) .  Despit e thes e othe r  effects , 
however ,  th e productio n syste m variable s provide d b y th e transfe r 
proces s explai n th e trainin g time s ver y wel l ;  i n fact ,  th e numbe r 
of  ne w rule s i s a  bette r  predicto r  tha n th e subjects '  individua l 
means! 

Thus, by analyzing the procedures in terms of production 
rules ,  an d th e relation s betwee n them ,  i t  i s  possibl e t o accoun t 
fo r  th e difficult y o f  th e learnin g th e procedure s wit h grea t 
precision . 
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Reading Time 

The time required to read each sentence of the instructions, 
was average d ove r  procedures ,  bu t  classifie d b y trainin g tria l 
(e.g .  firs t  reading ,  secon d reading ,  etc. )  an d b y th e transfe r 
statu s o f  th e correspondin g productio n rules .  Figur e 2  show s 
thes e means .  Th e ke y poin t  i s  simple .  Ther e wa s a  substantia l 
differenc e i n th e readin g time s fo r  instructio n step s dependin g o n 
th e transfe r  statu s o f  th e correspondin g productio n rule .  Th e 
readin g time s fo r  generalizabl e an d identica l  rule s wer e almos t 
identical ,  bu t  readin g time s fo r  ne w rule s wer e muc h longer .  A 
ke y resul t  i s  tha t  thi s differenc e appear s o n th e firs t  reading , 
meanin g tha t  subject s ca n immediatel y distinguis h whethe r  a 
sentenc e describin g a  ste p correspond s t o a  ne w rul e o r  a n ol d 
one ,  an d gover n thei r  readin g an d stud y tim e accordingly . 

CONCLUSIONS 

A basic conclusion is that production rules, as a way to 
represen t  procedura l  knowledge ,  ca n provid e a  detaile d accoun t  o f 
learning .  Thi s support s th e approac h suggeste d b y Kiera s an d 
Poiso n (i n press )  wh o sugges t  tha t  th e production-rul e theor y o f 
skil l  acquisitio n i s usefu l  fo r  practica l  applications .  Tha t 
ther e ar e othe r  phenomen a involved ,  suc h a s th e "overload " 
describe d above ,  i s clarifie d b y th e productio n syste m analysi s a s 
well . 

These results present a puzzle for the theory of skill 
acquisitio n a s formulate d b y Anderso n (1982) .  Th e transfe r 
proces s define d her e ha s man y similaritie s t o som e o f  Anderson' s 
compilatio n an d tunin g processes .  However ,  hi s processe s ar e 
define d i n term s o f  operation s o n procedura l  representations . 
Thes e ar e constructe d a s a  by-produc t  o f  th e activit y o f  genera l 
interpretiv e procedure s tha t  ar e drive n b y a n initia l  declarativ e 
encoding .  However ,  i n thes e results ,  rule s ar e bein g compared , 
modified ,  an d constructe d ver y rapidly ,  an d apparentl y befor e the y 
exis t  i n a  procedura l  form .  A s Figur e 2  shows ,  a  generalizatio n 
proces s ca n apparentl y occu r  o n th e firs t  reading ,  an d i s almos t 
as fas t  a s recognizin g a n identica l  rule .  Althoug h ther e i s n o 
rigorou s basi s a t  thi s tim e fo r  sayin g so ,  i t  seem s tha t  thes e 
aspect s o f  th e result s ar e no t  reasonabl y subsume d unde r 
Anderson' s compilatio n an d tunin g processes . 

Instead, perhaps the work of relating new and old rules is 
don e b y processe s simila r  t o thos e propose d fo r  macroprocessin g i n 
comprehensio n (e.g .  Kieras ,  1982) ,  whic h ca n compare ,  modify ,  an d 
construc t  comple x prepositiona l  representation s whil e readin g i s 
goin g on .  Thus ,  subject s translat e th e instructio n sentenc e int o 
a declarativ e representatio n o f  a  complet e productio n rule ,  whic h 
ca n the n b e relate d t o othe r  suc h representations .  A s i n 
Anderson' s proposals ,  thi s declarativ e representatio n woul d b e 
interprete d b y a  genera l  procedur e fo r  followin g instructions ,  an d 
th e procedura l  for m o f  th e rule s woul d eventuall y b e formed . 
However ,  correc t  executio n o f  th e procedur e woul d begi n whe n th e 
declarativ e rul e se t  ha s bee n successfull y encoded ,  an d th e tim e 
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required to do so would depend on how much use could be made of 
previousl y learne d rul e representations .  Thus ,  whe n procedure s 
ar e acquire d fro m text ,  comprehension-lik e processe s ca n pla y a 
majo r  rol e earl y i n learning ,  leavin g th e compilatio n an d tunin g 
processe s t o gover n learnin g onc e th e initia l  declarativ e for m o f 
th e rule s i s i n place . 
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