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conventional practice mechanisms or Anderson's (1982) learning
printiples. (DP)

1

***********I***********************************************************
* Reproductions supplied by EDRS are the best that can be made

from the original document.
***********ATI********************************************************

r-



a

AA.

U.S. gEPARTNIENT OF EDUCATION
T NATIONAL INSTITUTE OF EDUCATION

tOuCATIDNAL RESOURCES INFORMATION
CENTER (ERIC)

This dor torient has been reproduced as
lef-PIVIft Iron the person or organisation
oronahno it
Minor f Welles have been made to improve
taproctitt mot twiny

Points 01 view or opinions stated m this dote

rEN mph" tin nil? " "ceSHlY represent NIE
trosthon of policy

CD

N THE ACQUISITION OF PROCEDURES FROM TEXT:
)C:3 A PRODUCTION- SYSTEM ANALYSIS OF

Die
Ise . TRANSFER OF.TRAINING

a

tr .

David E.Kieras &-Susan Bovair

S

I

6

tti

of sitcbigatt

U.

Technical Report No..16 (TR-85/0NR-16)

January 29, 1985

C.-

This research was supported by the Personnel and Training Research
Programs, Office of Naval Research, under Contract Number
N00014-84-K-0731, Contract 'Authority I dent i f icatioriNumber
NR 6677473.. Reproduction in whole.or in part is permitted for any
purpose of the United States Government.

Approved for Public Release; Distribution Unlimited.

4
n,



0 UNCLASSIFIED
SECURITY CLASSIFICATION Or TI4111.PAOIS MAR Owes 118144014

$

,BEST COPY AVAILABLE

REPORT DOCUMENTATION PAGE
1. GOVT ACCESSION Nib.

aim INSTRUCTIONS
UPON! COMPLISTINO FORM

S. RECIPIENT'S dATALOO NUMBERI. REPORT NUMBER .

/0NR-16
.

4. TITLE (owl Sublills) ' aI k
-

Th6 Acquisition of Procedures from* Text:
A Production-system Analysis of Transfer
of Traini.ng

S. TYPE OF REPORT 11 PERIOD COVERED

Technical Report

S. PERFORMING ORO:REPORT MUMS&
. .

7. AUTHOR(*)

David E. Kielras CSusan Bovalr .

.
,

I

S. CONTRAdT OR GRANT NUMSERN

,

NO0014-84-K-0731
. 1

.10. PROGRAM ELEMENT. 107101Te17*C(
.

61153N; RR 042-06
RR,042-06-02; NR 667-473'

3. PERFORMING ORGANISATION NAME AN,0 ADDRESS.

University of Michigan
Ann Arbor, MI 48109

#

-,

11. CONTROLLING OFFICE NAME AND ADDRESS

Personnel and Training Research Programs .

3fftce of. Naval Research (Code 458)

Arlington, VA 22217 .

12. REPORT DATE

29Jan., 1985
Is. NUMBER OF PAGES

37 .

MONITORING AGENCY NAME 11 ADORESS(It dllioront from Controlling' Oftleo)

.

.

I. .

,

;

.

'. SECURITY CLASS. (el this report)
4

unclassified .

ISa. DECL ASSI FIC ATION/ DOWN GP ADING
SCHEDULE

IS. DISTRIBUTION STATEMENT Of IWO RPwe , ir
.1. t

. .

Approved for Public Release; Distribution Unlimited
-

.

A
.

17. DISTRIBUTION STATEMENT (al the abstract minted In Block 30: It dilloronl Iron Ripon)

. .. , .

V 0 .
.

. . .

% ' . .

IS. SUPPLEMENTARY NOTES
.

s
.

.
.

.

,.

to. KEY WORDS (Continue en tennis atIe If nooeseary out

Learning, Transfer, Procedural

Os

Identity b block member)

knowledge,

idontity Sr block number)

skill describes knowledge
production rulkirepresentation which
of an in7tial declarative

In these terms, learning 6
consists of converting the.

written material into production
in a transfer of training,

.
20 A OS T RAC T (Continuo anoven. 4144 If neceoiary and

1

The current theory of cognitive
of procedures in terms of a
is constructed on the basis
(propositional) representation.
procedure from written instructions
propositional content of the
rules. This nrocess was studied

DD,IJAN7S 1473 EDITION OF 1 NOV SO IS OBSOLETE
1/14 0102.014.4401 I

UNCLASSIFIED
SECURITN CLASSIFICATION OF THIS PAGE (Wan Doe 'Atom°

3



d

. k,t1

.)
. r'dri

UNCLASSIZIPm
el14-11 41 T CL AMP lc T ION- OF .1' P AGE(Whon oats RA /in )

f

. .

. ..,

-experiment. SUbjects re-rned from step.-by-step' insrLictions a

$-a

Series of relates procedures for operating simple _device,

with the major manipujation.being the ord fr.of learning the
'procedures% Very strong transfer effect were obtained, whith
could be predicted very:well by a simple model of transfer.'
Individual 'production rules can betransferred, or re-used 4n
the representation of a procedure if they appeared in. a

apreviqusly le ned procedui.e, meaning that learning time is

mostly a'funct n of the number of,complletely- new production ..

rules that must e acquired. Examination of the'time required
to read individual instruction stePssuggests, howevtro that .

this transfer mechanism involves p,Ko.esses acting on declarative
propositional representations of the production rules. This

means that the transfer process is more similar to ,tomprehension
processes rather than conventional practice mechanisms', or
Anderson's- (1982) learning.O.inciples.. , ..

,

es!

BEST' COPY AVAILABLE

4
UNCLASSIFIED

SECURITY C%. :1FIC A TION OF THIS P AGE011ten Dots Entordj

IMP



4
o

ABSTRACT

The current theory pf cognitive skill descTibis ..knowledgs.of

procedures inter of a production rule represintation which

is conetructed .Ion. the, basis of an initial declaratilve'

propositional) .representation. In these /terms,' learning .a

procedure from written instructions consists of 'Converting the
pFop6sitional content of the "written :material into prAdubticao

rules. This process was sudieA in a' trantger.of training*
exteriment. Subjects learned from step.7.bystep instructions a

.series of related prodedu'rep for operating a simple device, with
the tajor manipulation being the order of learning the

procedures. Ver4strong transfer effects were obtained, which
coul4 pe prddicted very well by 4; simple model of transfer.
Individual production rules ciptn be' transferred, or reused in the

... representation of a procedures if they appeared in a previously

learned procedure, ,meanirig that learning time is mtvtly' a

function of'the number of completely new propction rules that

mast be .acquired. Examination of .the time required )o read
individual instruction steps, suggests, lldwever,..; that this

dgansfer mephanigl involves. processes acting on declarative
propositional represeritations of the ,production rules.. This

means that the transfer process is more similar to comprehension.

processes rather than *conventional practice mechanisms, or

Anderson's (1982) learning principles.
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Quite often peOlple . must learn prbeedures frbm written
inptructkons.. -1ri the -dontext of the currently developing

''' theory of :procedural 'knbwledge and.cognitive.skilr (Anderson,
. 1982), this task mukt'involve he formation of piOductiori rules 1
from th,) information available in text. This process has not
been systematically explored; the. results reported here provide
an' initial, charaUferization: Two'Two general conclusions follow
from this work. ' The -first is that. 'a production rule
representation can provide a very predise characterizatign of the
relative difficulty of learning a.set of related procedurbs. The.

second is that apparently there are powerful comprehension-like
processes that operate 'very early in learning on declarative
representations of production rules. This supplements Anderson's
(1982) description of the acquisition of skill, 'in that. many of

, the itporiant.processes involved in learning.a procedure can take .z

place before a procedural represe'ntation has l4een toried.

. : lA

The approach . was to have subjects learn procedures for
operating a simple piece of equipment by reading step-by-step
instructions. By measuring the leading time an individual steps,
and.4;he accuracy of execution of the procedure, it is possible to '
track the acquisition of individual production rules. Since the
procedures are related, some transfer-of training As possible
from 'procedures learned-earlier.!, The key result, is that this
transfer is predicted very,well from the similarities between the-

system representations for the procedures.

DESCRIPTION OF THE TASK

The subjects learned series of procedures for how to operate
'a device. consisting of a simple control panel. The goal of
operating the device,was to get a certain indicator light to

Note that this was a rote learning situation; the
internal organization of the deva was not taught to the
subjects. Each procedure consisted of several steps, as
illustrated in the step-by-step instructions in Tables 1 and 2.
Table 1 is the procedure for 5.: "normal" situation, in which the
device is operatAng-propely Table 2 is the procedure for a
"malfunction"situatibn, in'which some internal component of the
Aevice was not operating. Depending on the nature of-t4e
m'ilfunction, the device ai.her could be made .to work by an
'Llternate procedure, or could not. The final step in each
procedure was to signal success or failure in getting the device
to work.

6
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Table 1

Example of a Normal yrocedure

If the command is to'do the MA procedurd, then do the following:

step 1. Turn the. SP switch to ON.

4

0
Step 2. Set the S selector to MA.

Step 3.- = -Press the FM button, and then release it'.

..itep 4. If. tire PF indicatoi flas114s,
then notice that the pperation .is successful.

.

tepir. 5When 'the, PF indicator stoTs flashing, sit the.ES,seleotor
to. N.

4

2

Step 6. Turn the SP swit h to OFF.

Step'.7.. If the operation was successful,
Chien type 0 for success. ,/

step 8: Procedve is finished'.

..

, A.

e.
. .. , \

II

7

,ss
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Table'2
Example of a' Malfunction..Proceduie ,

If the .command. ii .6(5 do.the.MA procedure, then do the. following;

Otep.1. Tkurn the SP switch to OR.

Step 2. Set the:E§ selector to MA;
,

Step 3. Press the FM button, and then relea.se it. .

Step 4. If the PP indicator does .not flash,.' .
than notice -that there is a malfunction.

Step 5. If the EB indicator is on, and the MA indi'e'ator is off,
then notice that the malfunction might be Compensated
for.

Step 6. Set the ES selector to .SA.

Step 7. Press the FS button, and then releape

Step 8. .If. the PF indicAtor does not flash,
then notice that:the alfunction can not be compensated
for.

1

,1 Step 9. Set ,the ES selector to N. .

.3tep 10.

.3tep /11 . If the malfunction could not be 'compensated Cor,
then -type "N" for not compensated.-

Turn the SP .switch to OFF.

.it,ep 12. Procedure is finished.

X
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Tne ay'rol-Panel Device

The device used in this'experiment was the .same as that used
in Kieras & Bovair (1984, in which the _major manipulation was
'whether subjects were taught .a mental model for the internal
organization and structure of the device.' In this experiment,
subjects only learned the. device by rote. he mental model to
included here only to explain the behavior of the deVice,,and the
rationelle for the choices of procedure's to be taught .to the
subjects.

The device.is a slope - front, box wi th a simple front .panel,
showti . in 'Figure 1, consisting four controls,; ao four 4-i,

indicator'lights. .A laboratory. computer detects the positions
of tyre controls and turns the indicator lights on and off.. The

four c'ontrolA consist of a toggle switch (SP), a three-pdbition
selector (.ES'S), and two pushbuttons '(FM and'FS) . .The tour
indicator lights are labeled SPI, EBI, MAI, and PFI. The labels
are bated on 4-the 'mental. model used in Kieras and Boyair.(1984)

O

The behavior of. the devicecan, most easily be described
in terms of the diagram Shown in Figure 2, which was used
in the mental model experiments. Power flows through the
device from left to right, controlled by the switches; and also
affected by the state of the imaginary internal components, shown
as boxes in the diagrO. If a.component is not functioning
correctly; then power cannot flow through it and the device
'malfunctions. There are' four components, EB, MA SA, And.
Pia.

.1

The 3P switch ia, the on/off switch device and the SP

in(ii(..it:)r is the pilot, light. The other. indicators tare status
ligh..; f6r'the associated. components.. Thus, if -the power switch
12 on, the EB indicator will be on if the EB component is good,
.old :Off if the EB component 'is bad. I Note that there is no
indisit,-)r .issociated with the SA component.

,

.

_, . .
- ..

?ow:rr flows to .the Pis component . when the ESS selector is
eithee MA Or 3A, and the corresponding button is .pushed

E:JJ--MA, FS for E4-SA) . When the PB'componvnt receives
Lhe PF indicator flasnes four .times.and then stops until

Mfr :)114-,ton :releaued and pushed again.. Whether these
.i)r111,::itions of cOntrol settings will -woFk' depends on the

cbmponontsin the obvious,. way. For Oxam.ple, if the

then 'the indicator-will not be lit, and the EBS-MA,
..o!aikn,ttion-will not flash the PF indicator. If the or the

bad, then the PF indicator crinot be fladhed i;ecadse.p4ker
it, no matter how Ole controls are set.

9
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EB.Indicator MA Indicator

SP Indicator

'.
SP

Switch

N

MA

SA

N

ES Selector

PF Indicator

0
CD CD
FM FS

Button Button

Figure 1. The control panel device.

ENERGY SOOSTER

INDICATOR

ENERGY 400STER

tssoSp SKI'S FINER

SwItCm

SNI'S MEA
INDICATOR

smI'S POWER

MAIN ACCUMUUTOR

INDICATOR

tvi,.
MAIN

ACCUMULATOR

I

5

'MASER 'MING
INDICATOR

SA

SECONDARY
ACCUMUtATOR

FIRE MAIN
SUTTom

FIRE SECONDARY
SUTTON

U

SA

M.
NEUTRAL'

ENERGY
SOVICk
SELECTOR

Ill'ureg. The ',simulated internal structure
deiiTee-Tnot knoWfl to subjects.
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Although'the,re are sixteen possible 'states! that the device
,!.f.n.bo in, only SIC .of these can be distinguished in terms of the
bt:havior. of the device. For example, if the EB component
is baii,i'then the 'llitatus of' tfte other componen s is irrelevant
because the pattern of .indicator lights will be the same in all
oases. These distingilishable states are shown in Table 3,

which shows for each 'state of the device what indicator lights
wi,11 come on, and which settings will make the. PF indicator .

flash. Thestates are labeled by the defective component label
prefixed with X; for example, XMA'means that the MA component is

defective. While knowledge of the internal structure of the
deviCe,. And component, status for each malfunction, makes it easy
to understand the behavior of the device, it is import.nt to note
that this information isot .provided to the subjects in the

oxperiment.

' Table .3
. Tosible States of COntrol Panel Device.

14;ibel Subdevice
*stati:zs

.
. .

p
StatUs of PFI' flash on PFI flash on /
EBI, MAI -MA procedure SA procedu're

4

NORMAI, All good Both on

.EB bad,
others any.

XMA MA'only bad ,

others good

;IA only bad,
. others good

Both off

EBI on,
MAI off

Both on

Pii bad, EB Bol,i op

Asi. MA good,
.:A :tny

,
.

:.IA bti, EB .EB.L.on,

good., PB or MAI of
:::, or -both bid

yes

no.

no

yes.

no

no

awl

IY

yes

no

yes

'no

no

rl 0
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Otfitirb.cproaedures
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There are a total of twelve procedures that could: be used to

operate the device in its six possible states, six where the AA,

setting of the ESS is tried. firsto.and six 111 which the SA is

first. In the eiperiment, the subject was commanded,- to ao either.

the MA_Erocedure of the_jLEasedure, where these commands
referred to which ESS setting was ,to be tried first. Of the
twelv.e possible p-ocedures.,' the PF indicator can be made to flash

in *sic (NORMAL, 'XMA, and XSA). It was decided that the
defianitwn of* a malfunction should be tFat the-first settings
tried would not work, and so SA-XMA and MA-XSA were riot included,

leaving a 0,1total of tgn procedures; two normal and eight

malfunction procedures. The procedure steps ar-eITF-Eed. .in Table

47,77a1ies 1 a.nd 2 give examples of the7stepby-step. instructions
for a normal and a* malfunction procedure.

Table 4
Procedures Used to Operate Contgol Deyice.

MA procedures
MA-NORMAL MA-XEB

v1) SP on
(2) ESS-MA
p) FM push

-, 4 4),Ess-N
(5) SP off
(6) Tap "S"

(1) SP on
(2) ESS-MA
(3) FM push
(4) ESS-N
(5) SP off
(6) Tap "N"

MA-XPB

(1) SP on
(2) ESS-MA
(3) FM push
(4) ESS-N
5 SP o,ff*(6) )

Tap "N"(

.MA -XMA
a

(1)SP on
ESS-MA

(3) FM push.
(4) ESS-SA
0) FS push
(6) ESS-N
(7) SP off
(8) Tap- "S"

MA-XMA-XSA

(1) SP on
(2,) ESS-Mk.,
(3) FM push:
(4) ESS-SA
(5) FS push
(6) ESS-N
(7) SP off
(8) Tap g.' N!'

JA procedures
3A-NORMAL

on
', ;;S- JA

F3 push
ESS-N
;SI)Koff
Tap' "S"

(1) SP on
(2) SS -SA
(3) PS push
'(4) ESS-N
(5) SP off
(6) Tap "N"

SA-XMA-XSA SA-XSA SA -XPB

(1) SP on (1) SP on (1) SP on
(2) ESS-SA (2) ESS-SA (2) ESS-SA
(3) FS .push (3) PS push (3) FS push

(4) ESS-N (4) ESS-MA. (4) ESS-MA
(5) SP off (5) FM pIsh (5) FM push
(6) Tap ".N" (6) ESS-N (6) ESS-N

(7) SP off (7) SP off
(8) Tap "S" (8) Tap "ii"

12 BEST COPY AVAILABLE
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The eigkit malfunction p'rocedure's can be divided into two. .

types., .The firtat is those in which the first ESS setting
tried does not work, and the alternate ,.setting:. might work,
depending on the malfunction state. 'These were termed.possibly .

compensatable.malfunctions. In the second type, the alternate
setting will not wOFETind so need not be tried. These were
'termed non-compensatable malfunotions. For example, the XEB.
state a non-comibirmialinction for either the MA or 'the 1/4

SA command; and the MA-XMA and SA -XSA states are possibly
Compensatable malfunctions. This distinctJon was presented to
th subjects as part of the overall. instructidke, to rationalize
the details. of the procedures.

THEORETICAL ANALYSIS

Transfer Effects

In earlier work with this device (see Kieras and Bovair.,
1983) it was noticed that the time required to learn the
procedures under rote conditions varies over a very wide range.
Training times for the rote-learning. b .jects are shown in Figure
5, which ....lows the training time . r each procedure in the
order that they were learned. Note tha, the order of pro ,edures
was fixed; rather than randomized, as would traditionally be
done. Note that rather than being a smooth ;descending learning
curve, there are large peaks for the times of the third, fifth,
rind ninth procedures. The number of steps in each proceduredoes
not explain this pattern, because while the number.of steps does
vary for different procIdures, the difference is not very large,
and is frequently in, the wrong direction. For example, ;procedure
5 has 8 steps, which is more than, procedures 3 and"4 with 7 each,
but procedure 6 has 9 steps. Rather, the pattern could be
explained by the fact that the first procedure contains all new
information, the second (the other qprmal procedure) -contains
only q. little pew information, the third (the first malfunction
procedure)) contains some new information, the fourth (the second
71,11fun,;tion procedure) very little, and the fifth (the first
):32ioly oompensatable malfunction) quite a lot.

13
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0
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Procedure (in order trained)
6 9 .10

Figure 3. Predicted and observed training times for the rote
learning condition from Ktieras and Bovair (1983).
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Theue data then suggest that the amount of new informatiop
in a procedure is .a plausible candidate for 9.4predictor of
training time, but it is not well-defined. Transforming the
instructions into ,production "rules could provide a precise
characterization of what is to be learned, thus it could be
determined which rules could bE' transferred, resulting in a
quantitative measure of the amount of nest information, namely,
the number of new production rules that must be lea'rned.

Production Rule Representation

Table 5 pro/ides an example production rule set for the
procedure in Table 1. The syntax of these rules is very simple.
EacV rule is in the form:

(Label IF (condition) THEN (action)).

The production system's working memory contains the GOALS to be
accomplished, and NOTES, which consist 'of non-goal Items
Soncerning,current processes, the environment, or specifications
of the tasks to be accomplisWed. See Kieran and Polson.(in
press) for e'a.Xlall descriptilon of the production system notation,
along with a. description of the user-device interaction
simulation that was used to test then production rules for
accuracy.

A set of production rules was written for each procedure
used in. the Figure 3 experiment, and tested in the user/device
interaction simulation to check for accuracy and completeneds.
Writing the production rules was done using a computet text
editor, and it becathe obvious that once the first set of rules
was generated, then subsequent sets could be generated easily by
copying the first set, doing .a few substitutions, and adding a
few rules when necessary. By analogy, -the transfer process could
(:onoist of recognizing which new rules are identical to
previously learned rules, which are extremely similar to existing
rules, 'Ind which are totally new. The subject could then sperid
:ao.;t of the training time acquiring the new rules, and merely
"ttexing" existing rules as applying to the new situation.

.15
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Table 5
`'Example of Production Rules

11

(MA -U- START
IF (AND (TEST-GOAL DO MA PROCEDURE)

(NOT (TEST-GOAL DO ??? STEP)))
THEN ((.ADD -GOAL DO SP-ON STEP))

(MA-N-SP-ON
IF (AND (TEST-GOAL DO MA PROCEDURE)

(TEST-GOAL DO SP-ON STEP))
THEN (,(OPERATE- CONTROL *SP ON)

(WAIT-FOR-DEVICE)
(DELETE-GOAL DO SP-ON STEP)

.
(ADD-GOAL DO ES-SELECT STEP)) )

(MA-N-ES-SELECT
IF (AND (TEST-GOAL DO MA PROCEDURE)

(TEST-GOAL DO ES-SELECT STEP))
THEN (;OPERATE-CONTROL *ESS MA)

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

(MA-N.LFM-PUSH
IP (AND (T1ST-GOAL DO MA PROCEDURE)

(TEST-GOAL DO FM-PUSH STEP))
THEN ((OPERATE-CONTROL *FM PUSH)

AWAIT-FOR-DEVICE)
(JPERATE-aCONTROL *FM RELEASED)
(DELETE-GOAL DO FM-PUSH STEP)
(ADD-GOAL DO PFI-CHECK STEP)) )

(MA-N-PFI-CHECK
IF (AND TEST-GOAL DO MA PROtEDURE'Y

(TEST-GOAL DO PFI-CHECK STEP)
(LOOK *PFI FLASHING))

THEN ;(ADD-NOTE OPERATION SUCCESSFUL)
;DELETE -GOAL DO PFI-CHECK STEP)
(ADD-GOAL DOIES-N STEP)) )

.

16
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Table 5 (Continued)

e..111111.

IF kAND (TEST-GOAL DO MA PROCEDURE)
(TEST -GOAL DO ES-N STEP)
(LOOK *PFI OFF)) . ~

THEN ((OPERATE-CONTROL *ESS N)
(WAIT-FOR-DEVICE)
(DELETE-GOAL DO ES-N STEP)
(ADD-GOAL DO SP-OFF'STEP)) )

(MA, SP -OFD .

IF ( ND (TEST-GOAL DO MA PROCEDURE)
(TEST-GOAL DO SP-OFF'STEP))

THEN (OPERATE-CONTROL *SP OFF).
(WAIT-FOR-DEVICE)
(DELETE-GOAL DO SP-OFF STEP)

. (ADD-GOAL DO TAP STEP)) )

!MA-N-TAP
IF (AND (TEST-GOAL DO MA PROCEDURE)

KTEST-GOAL DO TAP STEP).
(TEST-NOTE OPERATION SUCCESSFUL))

THEN ((DELETE-NaTE OPERATION SUCCESSFUL)
;ADD-NOTE TYPE S-FOR SUCCESS)
(DELETE-GOAL DO TAP S'TEP)
(ADD-GOAL DO FINISH STEP)) )

1.1A-N-FINISHED
IF (AND ( TEST-GOAL DO MA PROCEDURE)

(TEST -GOAL DO FINISH STEP)
(TEST-NOTE TYPE S-FOR SUCCESS) )

THEN ((DELETE-NOTE TYPE S-FOR SUCCESS)
.:DELETE-GOAL DO FINISH STEP)
(DELETE-GOAL DO MA PROCEDURE)) )
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Two basic transfer rules were defined: identity (from
copying), and eneralization (a form of substitution).
Production rules can e consaiFed identical id' they have the

, same conditions' and ,the same actions, The original definition
of the generalization transfer rule was: if rules have the same
actions, and only one point of difference in their conditions,
then the rules could be generalized. This was done by replacing
the differing point with a,"wild-card" that matches any value.
Thus, if the only, point of difference. between two' rules was that
one had the condition Clause (TEST-GOAL DO MA PROCEDURE), and the
other had (TEST-GOAL DO SA PROCEDURE), then this clause could be
replaced by (TEST-GOAL DO ??? PROCEDURE) , *. where "??2" is a
wild-card that will match any item to that' position. This
version of thegeneralization transfer rule was later lob

\
fied as

described below.

When these transfer rules were applied to the production
rules for the procddure training )otravw shown in Figure 3, the
number of new rules that needed to be added for each procedure
was determined. The, asstmption is that the Only rules that
require substantial effort to learn are the completely new ones;
the identical and generalizable rules should be very easy to
learn,, since all or almost all of their content is already known.
Thus, the number of new rules_ in a procedur04should be closely
relat-jd to the diffidulty of learning the procedure. 'In these
data, the number of new rules in a procedure accounts for 79% of
the variance among the raglan training times for the 10 procedures',
supporting the value of the production system analysis of
transfer in the learning of procedures. However, this result was.
based on only ten data points, and so is no more than suggestive.

EXPERIMENT

By using three diffeTent training orders, this study was
le3i6ned 'o get a more comprehensive set of odt:ta on the relation
of the production rule representation to transfer of training.
Tne three different training orders were chosen by analyzing the
production rule sets for each procedure using a transfer process
simulation program, described below, and selecting training
.orders that produced substantial variation in the number of new
rules in each prgpodure, and also the number of new rules in each
serial position the training order.

Jvervi,-)w

Each subject learned a series of 10 procedures 'in a fixed
Jr-der. There were three different orders, chosen as described
below, with a separate group of subjects for eacOorder.

18"
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To. Learn each prodedure, the subjectos first read a set
of step-by-step instructions Tor the procedure,' .such as those
in Tables 1 and 2, and then attempted to execute the procedure
on the device. If they made an error, they were immediately
informed, an4 then began to read the instructions again. They
were required to execute the pro9edure correctly three times
in a row before proceding to the next procedure. The data' .

recorded were th\9

age
reading time on each step of the instructions,

the acpuracy of ew-step while executing the, procedure, and the
speed d accuracy of .a final retention test, which Will not
be discus eddtn.this report.

Method

Transfer Simulation. A simulation program was written in
LISP that cowl perform the transfer processes automatically.
The program (COMBINE-HARVEST) can be given a set of production
rules for a procedure whie4 it then examines for posbible
transfer with ,the set of rulesvaTteady known. It g6nerates a new
set of rules, and also reports on the number of rules considered
identical t.o existing rules., the number that could be generalized
with existing rules,, and the numblf of new rules 4:Wed. The
output from COMBINE-HARVEST was tested in the user-device
interaction W,mulation tc5 , check that a proper rule set was
generated,'that is, it followed the correct procedure in any
given situation.

The program's generalization criteria.weire modified slightly:
from the original definition; some of these modifications were
'acre restrictive than the original, while some extended the
definition. The new generalization rule for transfer
:3pecifically excluded certain types of clauses from the
generalization process. These are: clauses that sequence, the
firing of rules (e.g., &was of the form DO STEP X), clauses that
look fo,c a particular configuration of indicator 1i "hts on the
device,',und clauses that operate controls. on the device. These
;:hanged in the generalizatidn criteria mean that, in practice,
only operations .on notes, and goals can be generalized. The new
generalization rule was extended so that it could gehe.ralize more
than one clause in the condition, and could also generalize the.
,Jquivulent clauses in the 'action part of the production rule..

prbgram this would generate the number of new rules
reTiired fo.r each procedure. Different orders of procedures
prodU,:ed very different patterns of the number of new rules, both
in terms of the serial position in the sequence, and when
,,ompl.ring particular procedures in .different orders. Depending
on the order in which it was procedsed, differAt training times
wol.i4 be predicted for the same procedure.
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Training Order Conditions. Three different training orders

were selected for7iiiiiiferiment that, would maximize the

predicted training. time differences.. Either a pr.ocedure would

have different predicted. training times because there were a

different number of new rules to be acquired, or if the number of

new "rules 'was. the same, .then the procedure would be in a

different position in terms of the order of learningo It was not

possible to maximize-thase differences for all the procedures,

but it was none for as many as possible. These different ordei-s

also produced different numbers of rules 'accepted by the transfer-
.
process as identical ore generalized, because it seemed likely 4

that recognizing identity could be a faster. process than

generalization. The training orders` were therefore chosen 'to

produce different values for the nutber of identical rules, and .

the number of generalized rules. A final constraint on the

tra,ining 'orders were that they should be, in some secse,

meaningful orders.

The selected training orders are shown in Tabld 6. In

training order condition 1, the order is: all. the MA procedures

first, then the SA procedurev.. Within this division, normal

procedures are first, not-compensatable malfunctions second, and

possibly compensatable ma;functiona' last. Training order

pondition 42 is based on the idea that once the longest procedures

are leai.ned, the shorter procedures should be learned

comparatively easily. Thus, the order for training order

condition 2 is.: ,possibly cOmpensatable malfunctions first,

non-compensatable malfunctions second', and normal' procedurec

last, and within these groups MA procedures are, presented before

3he The order of training order condition 3 is on the principle

of underlying causes, even tough subjects have no information on

these causes. Thus the order is normal procedures first, then

XEB. malfunctions, then4XPB malfunctions, then the XMA and the XSA

pair, and finally the two XMA-XSA malfunctions.. Within these

pairings SA procedures came before MA procedures. This order is

quite different from the other two in that orders 1 and 2 are

based on the procedures themselves, actions carriedout by the

subject while training* order condltion 3 is based on the

behavior of the device.

,- Instruction Materials. A set of step-by-step instructions

were prepared for each .procedure; examples appear in Tables A

1 ;And 2. These were prepared so that each sentence in the

instructions appeared to corTespand .to a single production

rule, one for.each step or action (internal or external) involved

in the procedure,. .and care was taken that these steps

corresponded to the prodution rule sets themselves, as

illustrated by the correspondence between Tables 1 and 5 for the

corresponding steps in the different procedures.

20
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Table 6 0

o

Number of N6w Production RuAs
for Each Training Order Condition

Training Order Conditions

.SQrial
Position

4

Name ew.rulei

11,

added
OP'

,

1. Mk-NORMAL 9

2. MA-XEB 5

.3. MA-XPB 1

4. MA-XMA-XSA 4

5: MA-XMA 2

U. SA-NORMAL 2

.7. SA-XEB 0

8. SA-XMA-XSA 1

'9. SA-XSA ?3

10. 3A-XPB 0

to
lad

r

2

Name New rules Name New rules
added Udded

MA-XMA

,1A-XMA-XSA

SA-XSA

SA-XPB

MA-XEB

MA-XPB

3A -XEB .

SA-XMA-XSA
4

MA-NORMAL

SA-NORMAL

OW

13 .SA-NORMAL ` 9

4 MA-NORMAL 2

5 SA-XEB 5

0' MA-XEB 0

1 SA-XPB 4
6

1 MA-XPB 1

0 - MA-XMA 5 A

,Aft

1 SA-XSA ),0a \

1

2 SA-XMA-XSA 1

,

0 MA-XMA-XSA* 0

21
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Apparatus. The device consieted of an actual physical

control pane connected to a laboratory computer, which monitored

the settings of the switches and push buttons and controlled the
indicator lights' 1. accordingly. .

All instructions and' commands to

the subjects were prdsented on a standard video terminal

positioned next, to the device. A computer-assisted instruction
facility was used .to present all of the procedure training and

the retention te$ts. The subject was seated in a small room at a

table with thtirerminal and the control- -panel, and was observed

N,1 means of a'ideo camera and monitor.

Sulects. . Subjects. were recruited through campus,

advertisements and were paid $5 for their participatior.

Subjects were randomly assigned 10 each of the three training

order. conditions. A total of 70.spbjects participated in the

experiment. Ten subjects' data as discarded, leaving a total of.

60 subjects, wich 2Q subjects, ih each condition. Of the 10
m. "s41%;ects whoae data was discarded,' two 'final subjecte were

discarded because their data was mot needed; three subjects did

not finish the'training part of the experiment, one subject was

discarded because of a fire alaVm dering the experiment, and the

first four subjects were not used because the experiwentel

software required changes.

"Design. Training order condition was *a between-subjects

factor, with each subject randomly assigned to one,ef the three

training order conditions, subject to the constsint that

approximately equal numbers were maintained in the three

conditions. Each subject learned all 10 procedures in. all three

.conuitione. Subjects were also assigned by ge der,'sothat there
would be an equal number of males and .females ,n each condition..

Instructions and Procedura. The first Pa-t of the

instructions familiarized the subjects, .with the ,layout and `labels

on the device. Subjects were then told that they would be

trained in several procedures for operating the device. They

were told that tke goal of operating the device was to make

the PF indicator flash. .Part of their training would include

procedures to be ilerformed if the device malfunctioned. They

were told tnat for some malfunctions the PF indicator would not

flash at first, but it might be possible to change the control
settings 30 that it would flash. This was called compendating

for a malfunction, and it was pointed out that some malfunctions
eould not be compensated for. The subjects were instructed that

whenever they were asked to turn the, device to the initia1.4mtate

that they should set the SR' switch off, the ESS selector to N,

tnd hot push any buttons.

The training' prbeedure consisted of alternating reading and

trying phases. In the reading phase, the subject read the

procedure a single step at a time, in a self-paced reading

paradigm. Theh in the trying phase, the subject attempted to
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execute the procedure correctly. After the attempt, the subject
would return to the reading phase. This processtwas repeated
until the subject had completed three correct attempts in a row..
Then the subject would commence learning the next procedure.

*In the reading phase, the subject would tap tipe space bar to
read each 'step on the\ terminal screen, which Appeared p,s one
sentence, RS illustrated in Tables 1 and i. The` previous step
was erased from the. screen. Subjects were instructed to study
each step for asolong as they felt necessary. The lab computer
recorded how lone the subject left each step on the screen,
defined as thereading time.. When the subject had read all the
steps in the prilocedum, a command, such as "Do the MA procedure,"
would appear ort the screen and the subject would then tror to

perform the procedure frod romory. If the subject made a midUkke
while attempting 'the proadure, the lab computer immediately
sounded a buzzer, as -a .signal to stop trying. Then the subject
was returned to the beginning of the reading phase.. If the
subject performed all steps correctly, the computer sounded a
bell tone, fkid either teti-ned to the beginning of the reading
phase or went on to the next procedure if the criterion had been
tchieved. Throughout the procedure, the subject was prompted by
displays on the terminal screen, such as a message that they had
lade .n error and were being returned to the reading pha3e.

'Ow

. Since some pilot subjects tended to ignore the indicators
curing training; the instructions included a notice that although
it might seem unnecessary to pay attention to the indicator
lighta during training, during the testing phase at the end of
the experiment, it would be necessary to rely on the pattern of
indicator lights to ci4T3e the correct procedure.

After being trained to criterion in all t10 procedures
.1nbjeets were instructed that they could take a short rest or
br..,ak before starting the test. They were told that they
do..111 see each of 'the 10 procedures three times each in the test
in .1 randow order. No feedback was given during testing.

. RESULTS

.

Train,.ng.Time

The total training' title for a procedure is defined as
.;tqrting when a subject begins the first reading of the first
.;ontence of the instruction steps, until completing the last step
of the last attempted execution.

.The first analysis was simply to verify the presence of
uoss affects of the the training order on training time. An
.Lnalysis of variance was perfosrmed on the total training time for
,?tot: procedure in each trainfng order condition; the means are
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:thown in Table 7. There were, mairi effects of training order
condition and procedure, and an interaction between training
order condition and procedure (2s <.05). While female subjects
Akere an average pf_ten seconds faster than males on'the training,
this difference was not significant, and there are no significant
interactions of gender.

Multiple regression analysed were perfarmed.in order to test
'the predictions from the, theoretical analysis. The Opendent
,variable was the total training time (TRTIME) giving 600' data
points, one foreach subject on each. procedure in each condition.
The predictor variables were those derived from the prodUction
rule model, the number"' of/ne productions (NEW), the number of
generalized 'production rtIIes (GEN),-,and the number of identical
or old production: rules (OLD). Other predictor variables
included the subject's mean training time for all procedures
,(SMEAR) to handle the within-subject design (see Pedhazur, 1982),

the main effect of training order (ORDER), and two dummy
variables ()CONDI and CQND2) to test for a main effect of
condition, with conAition 3 as the baseline. Since the first
procedure trained usually required a disproportionately long
time, a dummy variable, FIRST, indicated whether the procedure
was the first-to be trained. Two interaction variables, C1FIRST
and C2FIRST, were defined to represent the interaction of
condition and first procedure trained.

The results of .the. regression analyses on the training
time are shown in Table 8. The table shows the coefficients
in the final equation that inc)udes all variables that entered
the step.1se analysis. The F-ratios are the VP-to-remove", and
so i...eovide a test of significince of the coefficients in the

final equation. Finally; the standardized regression
coefficients allow comparisons of the importance of each variable
independently of scale differences. About 769 of the variance in
tota:. training time wae accounted for by the final equation.

Figure 4 shows the predicted and observed mean times and the

final regression equation. The most important predictor variable
wus the number of, new rules in each procedure (NEW), which alone

Y could account for 69% of the variance, and uniquely accounts for
.bout 47% of the variance. The partial and standardized
regression coefficients for NEW are substantially larger than
those for identical (OLD) rules and generalizable rules (GEN),.
'which are very similkr.
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Table 7

Mean Training Times (secs for Each Procedur'e
for the Three Training Order Conditions

Procedure

Name

MA-NORMAL
SA-NORM A4k
MA-XEB
MA-XPB
mx-xmA
MA-XMA,XSA
3A-XEB
SA-XMA,X8A
SA-XSA
'3A-XPB

Mean

20

Conditton 1

r.

Training Order

Condition 2 Conditibn 3

21?.496 81.125 111.883
89.863 92.814 . 221.958
142.058 111.907 98.829
109.430 96.679 108.727
117.012 464.089 165.727
161.478 190.291 139.679

79.677 84.980 160.697
86.568 99.644 95.250
111.109 176.169 151.411
117.109 136.013 191.817

122,727 153.371 144.598

eTh
Sable 8

Regression Analysis
on Total Training Time (N = 600,R2 = .7623)

21.3.rianie

CuNSTANT

Final
Coeff.

-132.39

Final
Std.Coeff.

F

JMEA3 1.00 .410 389.78
NEW 19.38 .662 V53.54

11.82 .499 88.44,
.11.07

165.U
.291

.324

51.09
125.04

47.10 .155 16.04
itiOn -.124 18.32

,)!:!)2 -16.51 -.085 14.86
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I ID

A

A

0 OBSERVED.MEANTIME

MEAN PREDICTED' TIME

TRAINING TIME = 132 +1 2(OLD) + 11(GEN) + 19(NEW)

+47(FIRST) 165(C2FIRST)

16(C2) .e- 4(ORDER) + SMEAN

R2 = .76, all coefficients. significant

/- 1 1 1 1 1 1 1 1 1 ogjwi 1 1 1 1 1 1 1 I,

1 3 4 6 5 2 7 8 9 10 5 6. 9 10 3 4- J 8 1 2 2 1 7 3 10 4 5 9 8 6

ORDER 1 ORDER - ORDER 3

PROdEDURE,(IN ORDER TRAINED)
s\r'

Figure 4. Mean predicted and mean observed training times for each

training order condition.
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In addition," there were others. effects,' notabdly some
loarning-to-learn effects (FIRST and ORDER), an& an apparent
"overload" effect, C2FPRST, in which the first procedure'in the
second training order condition took an(extremely long amount of
time to learn beyond that by 'the number of new
production rules. This 'procedure was MA-XMA, shown in Take
4, which involved trying the MA setting first, then the SA
setting. The other two orderd involyed only relatively simple
normal operation steps, which may have appeared obvious and
natural. Thus, subjects in condition 2 were confronted"with a
first procedure An which the'first few steps apparently have no
effects. This sort of conceptual difficulty is clearly a
matter fo? further research.

Despite these other effects, howevert theTroduction system
variables provided by the transfer model explain the training,
times very well; in fact, the number of new rules alone accounts
for 695; of the variance, and is a better predictor of training -
time on a single procedure than the subjects' indlmidual means!
Thus, by analyzing to procedures in terms of production rules,
and the relations between them, it is possible to account
for the difficulty of the learning the procedures with great
precision.

Reading Time

The time required tb read each sentence of the instructions
was averaged over procedures, but classified by training trial
(e.g.; first reading, second reading, and so forth), and by the 0
transfer status of the corresponding "production rules (Old,
:Ienerulizableujiew). Figure 5 shows these means. The key
point is simple. There was a substantial .difference in the
reading times for instruction steps depending - on the transfer
Atatus of the corresponding' production rule. The reading times
for generalizable and old rules were almost identical, but
reading times for new rules .were much longer for the first few
readings. A key result is that this difference appears on the
first reading, meaning that subjects can immediately distinguish
whether 3 sentence describing a step corresponds to a new rule or
to a known one, and can immediately govern. their reading and
ttudy' time accordingly. The difference between reading times on
the first trial between New and Generalized is strongly
.;ie,nificant (z = 3.51, E < .01)'.
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Figure 5. Mean reading times for instruction sentences
,,Az a function of reading trial and the transfer status
of the corresponding rule.
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A second questileh about the reading time is how the relate
.to the acquisition of individual production rules. Figure 6
shows the reading times for individual sentences .plotted in terms
of relative trial to salter x. The trial of mastery of a sentence
was defined as the reading t.ial after whichthe subject executed
the corresponding step in the procedure correctly for all trials
thereafter. The figure shows the mean reading times for
'sentences classified by whether the corresponding prbduction rule
was new, genera,lized, or identical.

aL These data were subjebted to a fairly complex regression
anMysie, .summarized in Table 9, in order to determine the
significance of the apparant effects. In terms of nuisance
variables, the reading time depends on the subject's mean and the
number of WORDS in the sentence, 'and there is a simple main
effect of relative trial number (RELTRL), corresponding,to the
overall downward . trend. There is an apparent.practice effect,
because dentences whose sjeps Are mastered later, as shown by
larger values of MASTRL, are read for lees time. The key results
are: NEW 'sentences are read longer than Identical or

Generalizable, which are almost the same;. sentences before
mastery, BEPMAS, are read longer than after; and-the effect is
-mostly due to the 'New sentences, as .shown by the interaction
variable BMNEW. Thus, consistent with Figure 5, sentences
that state new rules are studied until the corresponding rules
are mastered, whereupon they are studied for much less time.

Table 9
Regression Analysis on

Individual Sentence Reading Times
(N = 21,449, R2 = .401

Variable
IMk.

Final Final.
Coeff. Std. Coeff%

CONSTANT -.557 .

VOliDS .069 .188
.MEAN .844 .316.
MAJTRL -.267 -.153
riEW .723 .188
ii...,,LTRL .1 -.132
BENA3 9 ,210
NUE,/ 1.247 ..208

1223.60
3508.06
655.46
798.56
224.06
599.37'
831.06
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Figure 6. Mean *riading times for instruction
sentences as a function of relative trial of
mastery and transfer status.
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CONCLUSIONS

A basic cOnclusionis that production rules, as a way to
represent yro,cedural knowledge, can provide a detailed account
of important learning, processes. 'This Aupports the appi.oach
suggested by Kieras and Poison (in. preseT who suggest that the,
productionrule theory of skill acquisition is useful for
practical applications. That4there are other phenomena involved,
such as the "overload" described above, is. clarified by the
production system analysis as well.

These results present a puzzle sfor the :theory of skill
acquisition as formulated by :Anderson (1982). The transfer
procesq defined here has many similarities to somoof AndereoW:s
compilation and tuning processes. -However, Ill@ processes
are defined in terms'of operations on procedural repPSsentations.
These are constructed as a byproduct of 'the activity of general

.
interpretive.procedures that are driven by an initial declarative
encoding. 'However, in these results, rules are 'being compared,'
modified, and constructed Nery.,rapidly, and a ,gently before
they exist in a procedural for As sure 5 :shows, a
generalization process can apparentl --sec r on the.first reading,

b;
-

and is almost as fast as recognizing an identical rule. Although
.there is no rigorous basis at this time for saying so, it seems
that these aspects of the results are not reasonably subsumed
under Anderson's compilation and tuning processes.

Instead, perhaps the .work of relating new and old rules
is done by processes similar to those- proposed for

. mavoprocessing in 'Comprehension (e.g:, KieraS, 1982), which
oqn-\compare, modify, and construct complex propositional
representations while reading is going on. Thus, subjects
translate the instruction sentence into a declarative
representation of a complete production rule, which can then be
related to other such 'representations. If an identical
representation already exists, it can be re-used, as appears to
be possible in other types of text (see Johnson & Kieras, 1983).
Similar to Anderson's proposals, this declarative representation
would be interpreted by a general procedure for following
instructions, and the procedural form of the rules would
'eventually be formed by the compilation and tuning processes.
iewever, correct execution of the 'procedure. would begin when the
th!clarative rule set has been successfully constructed, and thee

timerequired to do so would depend on how much use could be made
')f previously learned rule representations. Thus, when
procedures are acqpired,.from.. text, comprehension-like processes
San play a major role 'early in learning, 'leaving th compilation
A 'tnd tuning .processes to govern learning once 'the initial
li:clarative form of the rules -is in place.
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