
:j-::i3:;':ì - -

THE UNIVERSITY OF MANITOBA

COMPARISON OF MODIFIED FORWARD AND BACKI^IARD CHATNING PROCEDURES

TO TEACH ASSE},IBLY TASKS TO SEVERELY RETARDED CLIENTS

by

Erlc Suthons

A Thesis

Submitted to the Faculty of Graduate Studies

In PartÍa1 Fulfillment of the Requirements for the Degree

of Master of Arts

Department of Psychology

I,trinnipeg, Manitoba

September, I979



..r:lt,t;i::.]

COMPARISON OF MODI FIED FORI^'ARD AND BACKWARD CHAINING PROCEDURES

TO TEACH ASSEMBLY TASKS TO SEVERELY RETARDED CLIENTS

BY

ERIC DOUGLAS SUTHONS

A dissertation submitted to the Faculty of Graduate studies of
the university of Manitoba in partial fulfiilment of the requirements

of the degree of

MASTER OF ARTS

@vl979

Fermission has been granted to the LIBRARY OF THE UNIVER-
slrY oF MANITOBA to lend or sell copies of this dissertation, to
the NATIONAL LIBRARY OF CANADA ro microfilm this

dissertation and to le¡ld or sell copies of the firm, and UNIVERSITY
MICROFILMS to publish an abstract of this dissertation.

The author reserves other publication rights, and neither the

dissertation ¡ror extensive extracts from it may be printed or other-
wise reproduced without the author's w¡itten permissiolt.



. 
ç,..: - r.:_- --:'f_'

.i':t-_j

iil,l
.

ASSTRACT

Three experiments evaluated a urodifíed chaining procedure and

systematically replicated a study õomparing the effectiveness of forward

and backr¡ard chaining to teach assembly tasks to severely retarded

subjects. To rnínímize trai-ing time, chaining proced.ures rrere nodif ied

so thaË each t,rainíng tríal consisted of only two steps, but all two-step

sequences were traíned. All learned steps were performed on probe t.rials

at the beginning and end of sessíons and on task criterion trials, con-

ducted after the indívidual steps were trained.

Each experimenË employed severely retarded subjects in a mulËi-

element design with counterbalancíng of tasks and. procedures. In each

experiment, subjects \,üere taught one assembly task with rnodified forr¿ard

chaíning and a second asserobly task r.¡ith urodífied backr¿ard chaining.

Task complexity was varíed across Experiments r, 2, anð.3 by Èeachlng

tasks of 26, 9, and 57 steps, respectívely.

Results suggesË that backrrrard chaining was generally more effective

in training the tasks, but the modifíed format produced poor retent.Íon

(reflected in large numbers of t,ask criterion trials and hígh error rates).

-l-
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INTRODUCTION

An emerging area of behavÍoral research is that of vocational habi-
litation for the severely retarded. Reviews by Bellarny, peterson and

close (L975) and Bellamy (L976) have índicared thar rhis population can

learn complex work tasks, and procedures Lo enhance their work producti-
vÍ'ty are available. In another recent review (Martin & pallotta-Cornick,

1979), iÈ was noted that while there is a fairly substantial literature
concerning productÍvity, there is a lack of research in the area of voca-

tíonal traíning for severely reËarded clients. An important research

question they ídentified concerned what training format may be most effec-
tive in teaching workshop tasks to these clienËs.

- Tot.al task presentation (TTp), where the learner attempts al1 the

steps of a behavioral chain in correct sequence on every training trial
has often been reported ín vocational trainíng and research (Gold, Lg72,

L974, L976; rrvin & Bellamy, Lg77; I,IaIls, Ellis & Zane, 1978a). However,

forward chaining (FC) and backward chaíning (BC) are training formats

thaË have frequently been used to teach a varíety of complex behaviors to
retarded clients (Martin & Pear, L}TB) and are quite suitable for Ërain-

ing packaging and assembly tasks (palloËta-corníck, Martin, suthons, &

Yu, 1978; I{alls , Zane & Ellis, l97Bb, lleber , L97g).

The recent research on trainíng formats ín vocational training of
retarded subjects provides some interesting initial findings. using

severely retarded subjects, Pallotta-cornick et al. (1g78) found. no dif-
ferences between FC and BC when they were used to teach simple packaging

tasks, but wi-th more complex assembly t.asks (28-step bícycle brake and.

físhing reel), their data suggested a s1Íght superioríty for BC ín Èerms

":'-': 
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of trials t.o críterlon. Hor¿ever, precise analysis of this effect was

hampered by the presence of a task-effect, i.e., the reel seemed to be

more difficult than Ëhe brake.

I,Ialls et al. (1978b) investJ-gated FC and BC as well as TTP to teach

three assembly tasks (bicyble brake, meat grinder, and carburetor) to

retard.ed clients in a sheltered workshop. They found there were fewer

errors with FC and BC, and even Èhough these two formats took more tríals

there were no differences in training Èime beËween all three formats.

Theír fail-ure Ëo find differences between FC and BC night be due to the

apparent high tevel of functioníng of their subjects (e.g., the auÈhors

reported that their subjecÈs had couunrnity workshop placements, commuted

Ëo work daÍly, gave informed consent to particípate in Ëhe research, and

recelved pay for their work), and the apparent level of complexlty of

their experiment.al tasks (Í.e., the tasks were broken down into only six

Parts' suggestíng that they rnay have been fairly símple assenblies). The

finding of PalloËta-Cornick et al-. (1978) Èhat there rüas only evidence of

a superioríty for BC with complex t,asks wj-th more sËeps (and possibly

lower functioning subjects) may explain the lack of differences beÈween

FC and BC that Ï,Ialls et al. reported.

Yu, Martin, SuÈhons and Pallotta-Cornick (1978) compared FC with

TTP and found simílar results to those of Walls et al. (1978). They

noted that there \¡rere minimal differences between the tT¡ro procedures in

terms of training tíme, but FC had fer¡er errors and subjecËs worked

faster as det.ermined from the number of individual sËeps contacted during

training per unit training time. These findings may have resulted from

the structural differences beËrveen FC, BC, and TTP formats. As traín-

ì :,'
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. 3.

fng progresses, each trial consísts of a larger number of steps that

have been learned. In effect, an increasing proportion of training time

is spent repeatíng steps that have already reached criterion and this

may account for the faster rate in FC. The above observatl0n also

suggests that the FC and BC formats and TTP may be somewhat ÍnefficienË

in the use of training Ëime, in Ëhat very quickly ín the FC and BC, and

eventually ín TTP, a very high proportion of trainíng time ís spenÈ

havíng the subjects perform learned steps.

The present study was a systematic replícation of the Pallotta-

cornick et al. (1978) comparison of FC and BC, using the brake and the

reel (wittr altered task analyses to try to better equate these tasks), as

well as tasks of fewer and many more steps. Several changes were made in

Ëhe procedures of thaÈ study. First, in the chaining procedure used by

?allotta-Cornick et al. there vras no differential reinforcement for

quality of task performance, in that reinforcement was contingent only

on task completfon (or the requÍ-red number of steps for the current stage

of training). The present study introduced differentíal reinforcement

for good quality performance. A second change was in correcting errors.

Pallotta-Cornick et al. employed a correction and retraining procedure

to correct errors. However, this p.rocedur-".e could have been reinforcing

errors by increasing the frequency of experimenter-subject inËeractions

when errors occurred. rrvin and Bellamy G9l7) reported thaÈ they ex-

ienced a similar problem. This study elimínated retraining and minimi-

zed interactions when correcting errors. Finally, the chaining format

was rnodifÍed in such a vray as to maximíze t]ne proportion of training

time spent on teachíng new steps and mininize (but not entirely elirnínate)

i:+r{.r:.1..,:-
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4.

the time spent practicing learned steps (see Methods section). As

dlscussed by Yu et al. (f978), thelationale for modifying the chainíng

format rrras that if most of the. extra practice of learned steps inherent

to chaining and TTP formats could be elíminated without losing the

performance and sequencing of learned steps, then the rnodified format

could effectively reduce the number of indívidual steps conÈacted

required to learn the tasks, thereby reducíng training time.



EXPERIMENT 1

Method

Subj ects

SubjecËs vrere selected from wards and sheltered r¡orkshops at Ëhe

Manitoba School for Retardates. l^lith the assistance of ward staff, a

lÍst of potenLial subjects was made. Clíents were íncluded on the list
on the basis of a dlagnosis of severe or 1or¿ moderate retardatlon. Addí-

tional consl-deratlons were avaÍlabtJ-íty during experÍmental- periods, no

previous exposure to the experimental- tasks, physical capabílity of per-

forrning the movements requlred to assemble Èhe tasks (based on the opin-

ion of the ward staff), and no serious behavior problems that would

1íke1y disrupt sessions. Baselíne testing \^ras then done wiÈh prospeetive

subjects until four subjects were found whose scores r"rere símilar to one

anoÈher on Ëhe brake and the reel. see Table I for descríptions of

Insert Table 1 about here

subj ects.

Tasks and Materlals

Task 1 \..74s a Zebco 11202 fidning reel and Task 2 was a Sturmey-Archer

AI^l three-speed bicycle brake. originally, the task analyses for Ëhese

tasks v¡as done by Pallotta-Corníck et a1. (1978). Attempts were made Ëo

equate them Ín terms of number of st.eps, fine and gross motor movements

and discrimínations. For the present study two of the harder sËeps of

the fishing reel were eliminated (identified by examinÍng the original

data), and two steps were also elíminated from the brake to maintain an



Subi ect Sex Age

Years in

Institution

25

37

Table 1

Subj ects

18

F

L2

25

M

Diagnosis

1B

severe

severe

severe

severe

moderate

moderateF

L8

20

EncephalopaËhy
(birth asphyxia)

Phenylketonuria

Unknown cause

EnvironmenLal inf luence

Infantíle autism

Psychiatric disorder
autísm

Etío10sy

10

Mental Age

and I.Q.

M.A.
r. Q.

M.A.
r. Q.

M.A.
I. Q.

M.A.
r. Q.

M.A.
r. Q.

r. Q.

3yrBno
35

3yr0mo
unknorrn

3yr5mo
unknoyn

2yr2mo
less than

3yr5mo
unknown

44

30
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equal number of steps. In additlon, two other steps in the reel were

símplífied, one by adding a col-our cue to a hole in the back cover

whieh subjecËs had to locaËe and-second, by drílling out the hole ín

the handle of the fishing reel to make it fit rnore easlly. AJ-so, sínce

there vras a considerable variabÍlity ín subjectsr abilíty to thread nuts,

the experimenter started any Èhreaded part of either task if the subject

had to do ít appropriately, but fafled on the fírst try. (See Appendí-

ces A and B for task anaLyses.)

Sessions vrere run in a research room at the Manitoba Schoo1 for

Retardates. A tral-ning tray (approxímaÈely 143 cm X 16 cm X l-4 cn) was

on a table in front of the subject. The tray \,ras divided ínto 13 bins,

open at the front, with movable cardboard covers so that a selected nr¡n-

ber of parËs could be exposed. Parts for the tasks \,¡ere put in the bíns

in Ëhe order for assembly. The experimenter sat to the left of the sub-

ject, recorded data, and gave assistance as necessary. Other materials

included st,opwatches, reínforcers and containers, daËa recordíng iËems,

and a conÈainer for finíshed products.

Procedures

Learning eriteria. Individual steps of the tasks \¡/ere considered

learned when subjects performed them correctly on tr{o consecutíve ÈraÍn-

ing trials with no help or promptíng from the experimenter.

The entire task r"ras considered learned when subjecÈs performed al-l-

the sËeps correctly on three out of four Ërials. Thus, after all the

Índividual steps reached críterion, task criterion trials (ín effect

TTP trials) were conducted until the learning criÈerion for the whole

task was met "
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Errors Ì,Iere defined as the faílure of a subject to perform a learned

sËep r^Tithout correctlve pronpting or assístance from the experimenter.

ModÍfied FC. Inítiatty, suã5ects r/Íere trained on Step I Ëo criterion,

wíth each aËtempt constit,uËíng one Ëraining trial. Next, the Èraíning

trial consisted of having the subject perform step l- and attempt step 2,

repeaËíng both steps on each trainíng trial until Step 2 reached criter-

ion. Thus, subjects learned steps 1 and 2, and Ëhe correct sequencing

of them.

At this poinl, the modffied format departed from the usual- chaining

procedure whích r¿oul-d have simply added step 3 to the training trials

and had subjects perform the two learned. steps plus the step being traín-

ed. rn Ëhe rnodified formaË, sËep 1 was now dropped from the tïainíng

Ërial. The task materials hrere presented to the subject as they would

be íf he/she had just completed Step l, but only Steps 2 and 3 r¿ere

actually done or attempted by the subject, until Step 3 reached críterÍon.

Thus, training trials only consísted of two steps, but by dropping and

adding steps one aÈ a time in the above manner, all the steps and two-

step sequences were trai.ned. At any given point in trainfng, Ëhe experi-

menËer presented the task mat,eríals to Ëhe subject as they would be if

the subject had performed all the dropped sreps. Parts not used in the

two steps beÍng performed were eiÈher assembled (if they were learned)

or left in the bins with the covers dov¡n. Once all steps reached criter-

ion, subjects performed the entíre sequence on each trial (task criterion

trials) u:ntil the task críterion !üas met.

while indívidual step training was stil1 in progress, probe trials

were conducËed at the beginnÍng and end of each session. on probe

i: ..'r :1;:|i
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t.ríals, subjecËs performed all the steps that were aÈ criterÍon at that

point 1n training, wíËh correction for errors and reinforcement follow-

ing trial compl-etion as descríbed below. Probe tTíals were conducted

to (a) provide a "warm-up" at the beginníng of each session, (b) retain

a minímal amount of practice of learned steps, and (c) provide a means

Èo measure r¿hether or not there were serious decrements ín performance

of learned st,eps as trainíng progressed with the rnodified format.

Modífied BC. The same basic format r¿as used for BC, but Ëhe usual-

differences between FC and BC r¡ere present. Thus, subjects first learn-

ed Step 26 to críterion. Then training trials included Steps 25 and 26

until- step 25 reached criËerion. After step 25 was learned, subjects

performed steps 24 and 25, while si'ep 26 was dropped from the training

Ërial. .As steps reached criterion, more were added and dropped as above,

unÈil all steps reached criterlon. As steps were dropped, parts for them

were left in the covered bíns. Probe trials and task cri.terion trials

were conducted as in modified FC.

Prompting and data recordíng. There were four levels of prompüing

relevant to the acÈual trainíng procedure and two categories of general

prompËs. The four levels of training prompts \^7ere: (a) no help, recorded

as Level 3; (b) specífíc command for a step, recorded as Level 2; (c)

specifíc command plus exËra verbal andfor physical prompts, recorded as

Level 1; and (d) specífíc conunand plus physÍcal guidance, recorded as

Level 0. The general prompts \¡/ere (a) work prompts which indicated the

start of a trial (e.g., "Make the braker" or "Do the next two steps"),

and (b) non-specíf ic prompts, which rn¡ere used once per step peï ÈrÍa1 Íf

an outside distraction dísrupted the subject's performance, or if the



subject emitËed non-productive behavior for

words, the experímenÈer prompted subjects to

working.

10.

5-10 seconds. In other

stay on task if Ëhey stopped

For training trials, probe tríals, and baselíne testíng, the same

general procedure of prourptÍng and data recording was employed. Whenever

a sËep was attempted, subjects were given the opportunity to perform aË

Level- 3, Ëhe target performance. If a subject did not perform at Level

3, the experLmenter gave addit.íonal prompts, increasing the help by one

level at a time until Ëhe step was performed. For each step done on each

tria1, the experimenter recorded the number corresponding to the 1evel of

help needed to get t.he subject to perform the step. Levels 3, 2, or L

\¡lere recorded if response initiatÍon occurred rrríthin about three seconds

of the approprÍate prompt, or completion of the last step done, and the

performance of the sËep vras not interrupted by an interval of more than

10 seconds of non-producËive behavior, (Note that a non-specific prompt

was given first if one had not been used to get the response init,íation,

before increasing a level of prompËing. ) Behaviors such as stopping

work, repetíËÍ.ve behaviors, manipulating materials in a way that r¿ould

not likely lead to correct placement, staring at the experimenter, or

asking for help or approval are examples of r¿hat was consídered non-

productive behavior.

Each t.rial started when the experimenter gave a general work prompt.

Any incorrect response or víolation of the above conditions rnras a cue

for the eicperimençer to use the next level of prornptíng. hrhere appro-

priate, i.e., Levels 0 and 1, the specific command for a step \¡ras repea-

Ëed with the extra prompting so that the behavÍor would event.ualLy come



under Ëhe control of the command. See Table 2

11.

for coruplete defínitions

InserË Tabfã 2 about here

of prompting levèls.

Baselines. rn baseline sessíons, subjects lrere seated in Ëhe

sessíon room wiËh all of the parts for the task (beíng tested) placed
fn the bins in the proper order and easily accessfbre. They were shor^¡n
a compleËed product and Ëhen asked to make one. The experfmenter recor_
ded what behaviors Ëhe subjects emitted tmtil a product was made or 30
seconds of continuous non_productíve behavior occurred. Next, each
step of the task was tested, using the promptíng and recording procedures
described above. The task was assembled Èo a païtfcular step and Ëhe
subjecË was given the opportunity to perform the nexË step. The experi_
menter recorded the level 0f prornpËÍng requíred. to get the subject to
perform the next step' rndivíduaI steps v/ere tested in random order to
minimize the rearníng that occurs duríng baseline. No reÍnforcement
contingent- on step or task completi_on was planned. At the beginning of
baseline sessions, and at approxímately 3 to 5 mÍnute intervals, the
experimenter asked subjects to perform some unrelated behavior (e.g.,
"Pol-nt to your toes") and rei.nforcers r¿ere delivered for those behaviors.

Baseline scores on the tasks for each subject v¡ere obtained by
summing the numbers correspondíng to the levels of prompting given for
each step of a particular Ëask.

Reinforcement procedures. During traíning, soclar and edibre rein_
forcers were used' rn the usuaL chaining fomat, a reinforcer is earned

'.: _.
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TabLe 2

DefinitÍons of Prompting Levels

Level 3, no help

- response r¡¡as ínitiated wíËhin about 3 seconds (or longer for slow Ss)
of (a) a work prompt, (b) compleËíon of last step, or (c) a nonspe- r,i,.,:
cifÍc prompt.

- response was emitted correctly.
- afEer a nonspecific prompt lvas given, there r.ras no interval of non-

produetíve behavior durlng performance of the step thaÈ exceeded
about 10 seconds.

Level 2, command only

- response r¡ras ínítíated withín about 3 seconds of the specific conrnand j,,,,,,.:r.:.:.ì-
Ì'.. - :'-.i.ili

f or a s tep . i;:.,r::¡. :1.,;

- response \^7as emitted correctly.

- after a nonspecffic prompt was gíven, no Ínterval of nonproductíve
behavior greater than about 10 seconds.

Le.ve1 1, command plus extra prompt.íng

- Tesponse hras initiated within about 3 seconds of the command and
extra prompt.

- response v/as emítted correctly.
- after a nonspecific prompt \^ras gíven, no interval of nonproductÍve

behavíor greater than about 10 seconds.

- extra prompts were verbal instructíons, repetition of commands,
physícal prompts such as poinEíng or gesturing ín an attempt to
model a particular manipulation. After the response \{as lnitíated,
more than one level 2 prompt was gíven if it looked like the S was
workíng appropríatel-y but \^ras not quíte successful (subjectilãly
determj-ned by the experlmenter) and Ëhe additional prompL may have
helped get the behavior.

Level 0, command plus guídance

- if the above levels did not produce the behavior, the experímenter
repeated the command and physically guided Èhe S through the step,
either by manipulatÍng the Srs hands or the task materials. Ex-
perimenËer tried to use as lit.t,le guidance as possible, and sub-
jectively tríed to fade it ouÈ.

:lj;ii'' Ì
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after the subject performs each trial (e.g., see Martin & pear, 1978).

In this study, on probe and task críterion trlal-s the above procedure

was foll-owed rríth the additional requírement that the last step was done

at Level 3 to earn an edíbl-e reinforcer. otherwise, only social appro-

val was delÍvered. Duríng training trials, reinforcement rules were

used whÍch placed contingencÍes on qualÍty of performance. To earn both

socÍal and edibl-e reinforcement on a training trial, subjects had to per-

form the learned step at Level 3 and the sÈep beÍng traíned had to be

performed at least as wel-I as it had been in earlíer tríals, or better.

Improvement \,ras determl-ned from the subjectrs past performance on the

sÈep. In Êraíning a step íníËia1ly, reÍnforcement for that step was

earned 1f the subject performed íÈ at the baseline level or better until 
l

l

the st.ep was performed two consecutlve times at that (or possibly a 1

I

higher)1eve1.ThenonsubsequenËËría1sthesubjecthadtoperformwith
i

less help Èo earn refnforcement, untíl the next (or higher) level of help
iwas used on tT¡/o consecutive tríals and so on until the step reached cri- 
ii'

terion. If both steps r^rere performed approprÍately, socíal- and edible
1.,"

refnforcement r¿ere delívered. If only one step was performed appropri- ¡tr,ii¡r.i
f.:. :' :-.':'

ately, social reinforcement lras delívered. And, Íf neither step was i.ri,l'..
.::: : ii:'': l

performed approprÍately, mínímal ínteractíon occurred. :

Errors and corrections. Lrhen a learned sËep \{as not performed at

Level 3, the experimenter had the subject correct it wiËh as little in-

teractíon as possÍb1e. Thís was done to minímize potentíally reinforc-

íng consequences fòr errors. Thus, to correct an error, the experimenter

simply pointed to a correcË piece or placement, gave a brief verbal

prompt, or quíckly used guidance, and then continued with the trial,
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making sure to point out aË the end of the tríal when errors had resul--

ted ín l-ess reínforcement. The experimenter recorded the leveL of

promptíng that was used, or the ior""a l-evel íf more Èhan one level was

used Ëo correcË an error.

Observer agreemegt. In observer reliabílíty âssessment sessíons,

a second observer sat at the end of the table opposite the experimenter

and recorded the 1evel of prompting used for each step on each trial.

Agreements hrere calculaËed usíng the ratio of the number of steps on

r¿hích ther.e \¡tas agreement, over the total number of steps conÈacted in

the session.

Research desígn and dependent varíables. Four subjects were used in

a mul-ti-element desígn (Sídman, 1960; Ulman & Sulzer-Azaroff, L975;

l^lrighton & Martl-n, L}TB), wiÈh counÈerbalancing of Ëasks and proced.ures.

Ïn this sËudy, the use of the muLti-element design involved exposure of

the subjects to alternating training procedures (i.e., modified FC and

BC) \^Iithin sessions, to train two dífferent t,asks (see also Pallotta-

cornj-ck et a1. , L97B). Thus, Ëwo subjects learned the brake wíth módi-

fled FC and the reel with ¡rodified BC. The other two subjects learned

the tasks wíth the ïeverse task-procedure combinatíons (see Tabl-e 3 for

InserË Table 3 abouÈ here

design of all three experíments).

The multi-element desígn permitted the evaluatlon of the effecÈs of

the two procedures in síng1e subjects, thereby avoidíng problems of inter-

subject variability (Sidman, 1960) and Ít controlled for sources of intra-

il r.rl::ì :ì
l-:i'::''i '::.
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Table 3

Research Desígn for All Three Experiments

Experíment 1 Experíment 2 Experíment 3

I
2

3

4

5

6

reel

reel

brake

brake

brake

brake

reel

reel

car

car

man

mart

man

man

car

car alarm

k.y
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subject variabílity (WrighËon & Martín, 1978). Inlhen used wfth topogra-

phically different responses, however, the design ínvolves assumpt.ions

that the responses are equivalenl (wrighton & Martín , Lg78).

Dependent variables 1n the study r'rere, for each task, the nr:mber of

sËeps conËacted Ín training índivídua1- steps until the steps reached

criterion (each atËempË at a step v/as one step contacËed), the number

of task criterion trials requÍred to reach críËerion for the ¡,rhole task,

and the total number of steps contacted on probe, tráining and task cri-

terlon trlals. In additlon, for each task, percent errors were calcula-

ted., using the rat,io of the number of errors on learned steps in a sessíon,

over Ëhe nr:mber of learned steps contacted in that sessÍon. Time on task

(TOT) which was the time spent from Ëhe start of t,rlals to the end of

t,rial-s in a sessÍon, and toËal- sessíon tíme (TST), which was the contin-

uous time from the begínning of the first tríal- in a session, to the end

of that sessl-on, l¡ere al-so recorded. Finally, work rate was calculaÈed

using the ratío of tot,al steps contacted in a session over the TOT in

that session.

Results and Discussion

In the complete task baselíne, no subject T^¡as able to do more

than pick up a few païts and try to assemble them (incorrectly). When

Índividual sËeps were tested, the followíng scores tllere obÈained

(scores on the brake are shown first): Subject 1, 50, 33; Subject 2,

48, 241' Subject 3, 46, 40; Subject 4, 35, 29.

Observer agreement was obtained in 12 sessions, at least once per

subject per task. Mean agreement was 96.5% and scores ranged from

821Á ro L007".

:ri :tj rti,:.::j
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Concerning Experiment 1, Figure 1 shows the total nuuber of

Insert Figure I about here
i

:: -

training steps contacted for

Figure 2 lndicates the number

individual steps to

of task críterion

reach criterion, and

tríals requÍred until

Insert Figure 2 about here

the whole task reached criter.ion.

It can be seen in Figure I thaË for all subj ects, Ëhe fishlng reel

requíred more trainíng contacts for Ëhe individual steps to reach cri-

terion than the bícycle brake, and for three of the subjects, the task

Ëraíned wíth modified BC required more task críÈeríon trials (Iígure 2).

Thus, Ít appears that in spíte of efforts to make Ëhe brake and reel
:

more equivalent, there was still a clear task effect in that the reel
J

\rras rnore difficulË. Also, ín terms of task criterion trials, the tasks

Ërained vrith.FC generally required fer¿er trials. It does appear Èhough,

that in initially traíning the índivídual steps, BC was somewhat, superíor.

This can be seen by looking at the performance on the reel (the difficult

task) relative to the brake, when the reel v¡as traíned with FC or BC.

For Subjects I and 2, who learned the reel r¿íth BC, the differences
.,

between the t¡¿o tasks were fairly small as compared with SubjecÈs 3 and

4, who learned the reel wíth FC. Thus, traíning the reel with BC tended

to minimize the differences between the two tasks in iniÈially learníng
l

Èhe steps

¡ .i:._ t.
\a' :).

l: t:. ..ì..:: t: it. :
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Fígure 3 shows the Ëotal number of steps contacted per session, for

Insert Figure 3 about here

::l:-'::' :-.:

all the ËyPes of trials. Three out of four subjects took more contact,s

to reach step criterion lrith BC. Thus, although there may have been a

superiority for BC in initially learning the st,eps, i-È was negaÈed be- .:i::,'.:,:;.
¡.i.',..:,1r.',
i:,':..:,....

cause the task trained wíth BC usually required more task criterion trials. ,l','' .'
¡. . ,',.,.",.'.',-.

Figure 4 shows the amount of TOT and Fígure 5 shows TST. These ii'¡;,1',,..,..,'

Insert Figures 4 and 5 about here

varíables \¡rere consistenË \díÈh total contacts to task criterion data.

For three out of four subjects, the task trained with BC took more TOT

and TST. The shaded portion of the Tor and TST graphs indicates the

time spent on task criterion trials. This shows that for some subjects,

and especially for Subjects 1 and 2, a substantÍal proportion of trainÍng
l.

time r¡ras spent repeating learned, steps Ín task criterion Ëríals . i

iPercent errors on al-l contacts of learned steps are shovm ln Table 4. :

Insert Table 4 about here

Asterisks indícate the session in whích the last indivídual step reached

criteri.on. Tt can be seen in Table 4 that errors occurring before all

steps reached criteríon vrere generally high, ranging from about L07. xo

40%, and ín one session for Subj ect 4, as high as 607". Once task cri-
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terfon trials began, error rates showed a gradual decllne until task

crlterLon r^ras meË. No differences in error rates between the two proce-

dures !üere apparent. Thís data, along with Ëhe nurnber of task criterion

trÍals, indicates quite clearly that a retention problem existed ¡¿iËh

the modífied chaining format. Until task criterion tríals Trere run,

error raËes were seldom below 10%. A1so, follow-up retention tests vlere

conducted eight weeks after traíning had finished. Results from these

tesÈs are al-so íncluded ín Tabl-e 5. In the retention tests, the error

rates were faitly hígh, ranging f.rom'4% to 267", and general-ly about 10%

or I5%.' No consístent differences can be seen beËween the tr¡o procedures

1n the error rates.

The subjects rate of working r^ras also calculated. Hor¡ever, no con-

sístent differences between the procedures v¡ere observed ín this variable.

The rates gradually íncreased as trainíng progressed, but Èhere was a

great deal of variability and overlap in these data poÍnts.

Four conclusions are tenable based on the results of Experiment. 1.

First, the data suggest that in initially training the steps of a Èask,

BC was superíor. Second¡ any iniÈíal advantages that there were for BC

r¿ere eliroinated because BC tended to require more task criterion tríals,

v¡hich in<:reased Ëhe t.otal number of steps contacted to reach Ëask cri-

terion and also íncreased the amount of t.ime spent learning the Èask.

Third, it was clear from the error rate and time spent on task criterion

trj-als, that retention was fairly poor using the modified format.

Finally, in spite of the efforts to equate the tasks, a Èask effect was

still present. An attempt was made to correct thís latter problem in

Experiments 2 and 3.

', :a...:

iili'.tr',X:.

!,-

L
1:1.



EXPERI},IENT 2

Method

In Experlments 2 and 3, the same general procedures ¡¡ere fo1lowed

wlth minor changes. only the dífferences from Experíment 1 are described.

Subj ects

The same subjects were used in Experiment 2 wÍth the exception of

Subject 4. She had to be dropped because in baseline testing she was

able to assemble both tasks with no errors. subject 5 was added, using

Lhe same selection crítería as in Experiment 1. He also had experíence

ín a previous study with the brake and reel but v¡as unable to perforrn Ëhe

tasks for Experiment 2 in the baseline test.

Tasks and Materials

In order to mínímize the differences between tasks, tasks were deve-

loped thaÈ required repetítive behaviors within the task, and the same

behaviors betr,¡een tasks. Thís \¡/as accomplished by devising two assemblies

usfng Lego building blocks. Task 3 !üas a 5-part toy man, requiring nine

steps to assemble. Task 4 $ras a toy car with the same number of parts

and steps. see Appendix c for task analyses of the man and the car.

Baselines

Due to the simpliciLy of these tasks, índividual steps were not

tested because the potential. for learning the tasks in baseline seemed

too great, especially after subj ect 4 had been able to assemble Èhem

boÈh, r¿fth no instruct.íons, prompting, etc. The complete Ëask was tested

using the procedure descríbed ín Experiment. 1. Subjects \dere shown the

conpleted product and then asked Ëo make one. since only one of each

Ëask was available, subjects díd see the tasks dísassembled between the
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time they were shown the finished produce and the time that they were

asked to nake it Ëhemselves, but_they díd not see Ehe task put Logetheï.

Results and Discussion

rn the complete Ëask basel-ine, none of the subjects used in Èhe

research r,¡ere able to correctly assemble either task. All subjects

aËtempted to puÈ pieces togeÈher, but selected them in the wrong order

and placed them incorrectly. Eventually, all subjects emitted 30 seconds 
it:Ui,,.,rl

of non-productive behavior.

Observer agreement was obtaíned in six sessions, once per subject

per task, except for SubjecË 5 who learned both tasks in one session.

Mean agreement was 95.37" and scores ranged from 897" to 997..

Fígure 6 shows that for three ouË of four subjects, modífied BC was

InserL Figure 6 abouË here

agaín slightly superÍor in inÍtially traíning indívídual steps to criter-

ion. Also, unlike Ëhe results in Experiment 1, Figure 7 shorvs that three

Insert Fígure 7 about here

--_:--

of the four subjects required fewer task críterion tríals r¿ith modified

BC. Since the sËeps contacted to criterion for individual steps and

task criterion trials both Ëended to favor modifíed BC, the variable

total steps to task criterÍon for all trials simply repeats information

Ëhat can be seen in Figures 6 and 7 in that three of the four subjecÈs

requíred fewer steps contac,ted with modified BC
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Figures 8 and 9 shor¡ TOT and TST, respectlvely.
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These results were

Insert Figures B and 9 abouË here

consistent wlth the steps contacted to críterion data. Three of the four

subjects required less time to learn the tasks with modifted BC. Since

the man and the car \¡/ere learned quite quickly by most subjects, the Tor

spent on task críteri.on trÍa1s does not appear to be substantial. How-

ever, for subject 2, who r¿as consíderably slower than the others, TOT

ín task criterion trials represents a major proportíon of training Ëime.

Percent errors on l-earned steps contacted for all types of trials
are shown in Table 5. Agaín, no elear differences between the proced.ures

Insert Table 5 abouÈ here

\^rere seen in error rates. Although the errors were lower than in Experi--

ment 1, they stíll ranged from about 10 to 207., and even higher for

Subject 2. In the follow-up retention test, however, three of the sub-

jecÈs had fewer errors with modified BC.

Since the siurple tasks in the Pallotta-Cornick et al. (1978) and the

presumably simple Ëasks in the !tralls et al. (1978b) studies had failed to

reveal any differences between FC and BC, no differences qlere expected in

Ëhese short Lego assembly tasks. The results, however, vrere faírly sini-lar

to those of Expetiment 1. They suggest again that initially learning the

steps rras accomplished more easily with rnodified BC. However, Èhis ad-

vanËage tended not to be lost in task criterion tría1s with the siurpler

tasks. Errors on learned steps also continued to be fairly high.
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E)CPERT}TENT 3

Method

Subj ec ts

Betlreen Experiments 2 and 3, subject 3 was lost d.ue to a transfer
and SubjecË I became avaíl-able only on a limited basis due to increased.

particípation in recreational and vocational actír¡ities. In addition,

ít v¡as felt that Ëhe large amount of time required to teach Subject 2 to
assemble the tasks in the first tr¡/o experiments made her continued par_

ticipatíon ímpractical since 1ong, complex tasks r¿ere used in ExperÍment

3. rn Experiment 3 only two subjecÈs were studied. From Experiment 2,
subject 5 was retaÍned and a sixth subject, who also had experience

learning the man, car, brake and reel in other experíments, was added.

Tasks and Materials

Tasks 5 and 6 were electroníc circuít assemblíes obtained from a

scíence Fair 20-in-1 hobby kit. rn this kit, electronic components

were indivi<lually mounted on plastic blocks approximatery two inches

square. On the blocks there r¡rere openíngs along each side so they could.

be joined Ëogether wíth plastic c1ips, and there vras a coil spring

terminal in each corner. components r/\rere pre-wired to these spring

termínals so different. components could. be linked together by bending

back the spring termínals and insertíng the end of a wíre, which was

held in place vshen the spring ¡¿as released. Thus, various circuits
could be made by first joíning together the appropriate blocks and then

making the correcË connections between the terminals with short pieces

of wire, according to diagrams provided in an instruction manual.

Task 5 vras a 57-step morse code key por.rered by a sorar cerl and
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Task 6 vlas a 57-step líght loss alarm r¡hich employed both a solar cell
and batteries to sound an alarm r¡hen Èhere was insuffÍcient light to

charge the solar cel1. These ta-st<s \,./ere equated in several respecËs.

They each had seven blocks (a11 but t\ro components \¡zere coûrmon to the

two tasks), seven c1ips, J-1 wires to make connectíons betr¿een terrninals,

and each provided auditory output vía an earphone. rn addition, each

Ëask had four multiple connect,ions, i.e., two wires \¡rere connected t.o

one termínal. Two minor díscrepencies existed. one of the earphone

wÍres was Ëhe third wl-re ln one Ëerminal on the 1íght alarrn, and in the

morse key there !üas an extra block connecËion that could be nade but was

not included in the task analysís Ëo keep the number of connections,

parts, and steps Ëhe same. Fínallyn spring terminals that were used in

Ëhe assemblíes were índicated by circlíng them with a blue felt marker.

See Appendices D and E for task analyses.

The training tray was used for these tasks but since there were

more parts than bins, the 11 r¿ires v/ere put in one bin, and clips were

Put in with the blocks. This made using the covers for the bins Ímprac-

tical, so all parts vrere exposed throughout training.

Baselines

Due to the large number of steps and the repetitive nature of the

steps, the individual sEeps were not tested to avoíd the learníng that

could occur. Instead, seven component st.eps were identified and each

rn/as tested once. Thus, subjects rdere asked to pick up tr¡¡o blocks, posi-

tion thern, cIíp them, píck up a wj.re and connecË the ends to È\do terminals.

Subjects were also gíven the opportunity to try the r,rhole task, followÍng

the same procedures as in Experiments 1 and 2.

'* t::¡_!¿1t;: ; irli :.:t;
i/{1:¡i.:i
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Results and Discussion

In the compleËe task baselíne, neither subject r¿as able to put the

t.asks together and eventually emi-ted 30 seconds of non-prod.uct.ive

behavior. Seven coûIponent behaviors hrere tested indÍvidually buË the

Ëasks Írere equaÈed in terms of the component behaviors, so any d.ifferences

in acquisition could not be due to differences in baseline performance.

Observer agreement was obtained in six sessions, at least once per

subject per task. Mean agreement was 95.6% anð, scores ranged from 937.

to 98%.

Figure 10 shows the cumulatíve traíning contacts to criterion,

Insert Figure 10 about here

and Figure 11 shor,¡s the task crit,eríon trials. Both subjects required

Insert Figure 11 about here

slightly fewer contacts to learn the individual steps with nodifíed BC

regardless of tasks. Also, there were fewer task criterion tríals re-

quired with modified BC for both subjects. Thus, as ín Experiment 2,

there were fer,¡er t.otal contacts to Èask criterion (including all trials)

with nodÍfíed BC.

Figures L2 and 13 show TOT and TST, respectÍvely. Again, these are

;:.ì: :lj:j::i:i.:i

Insert Figures 12 and 13 about here
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consístent with the data shor^m Ín Fígures 10 and 11, wíth the task being

traíned with modified BC taking less time to be traíned. AlÈhough Èhe

differences ín task criterion trials and traíníng contacts to step cri-

terÍon do noË appear exceptionalLy large, with these larger tasks, the

the differences in terms of TST amount to about 79 and 45 minutes for

SubjecËs 5 and 6, respectively, in favor of modifíed BC. The shaded

portion of the TOT and TST graphs Índicates the time spent on task cri-

terion trj-als. For both subjects, a substantial proportion of total

trainíng Èime !ùas requíred for task criterion tríals.

Errors are shov¡n in Table 6. After the steps had reached criterion,

Insert Table 6 about here

and task criterion tríals r¡ere beíng run, there vras no clear difference -

betr"¡een the two procedures as error rates for both tasks gradually de-

creased. Before all steps reached criterion, however, for boÈh subjects

the task being trained with modified BC had higher error raËes. This

was likely due Ëo the fact that the latter steps of the tasks required

subjects to make wíre connections, while the earlj-er steps were block

connections, suggestíng that block connections \¡rere easier. As in the

first tvüo experiments, error rates tended to be high, generally beËr¡een

L0% and 30i.,, until task crít,erÍon trials were begun and rates gradually

decreased. In the follohr-up retention tests, no clear differences emer-

ged betvreen procedures, but for both subjecËs errors were beÈween 6%

and IO7" for boËh t,asks.

i:;.i:1-,r¡.,¡
l.-...
l.:'.ir.,.1:

contacts per minute \¡ras not presented sínce both subjects showed a
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gradual increase in raËe as Ëraining progressed, but there \^Iere no

clear dlfferences between procedures as the data polnts were variable

and overlapping.

The results of Experiment 3 support the conclusion that nodified BC

Ììras more effective in trainíng these tasks. Traíning required fewer

trainíng steps contacEed to teach the individual steps, fewer task

crlËerion trials (hence fernrer Èotal steps contacted) and considerably

less trainl-ng tine (both TOT and TST) with rnodified BC. Retention wl-th

the nodifl-ed chaining forrnat again seems to have been poor as reflected

fn the high error rates, large number of task criteríon trials, and

large'amor¡nÈ of time spent on task criterion trials.



DÏSCUSSION

The present research was conducted to systemaËically replicate a

sËudy (Pallotta-Corníck eÈ al. , J:}TB) comparíng the effectiveness of

tralning assembly tasks ln a forward or backward fashíon. In addítion,

daËa on a nodifíed chaíning formaÈ was obtained.

Lrlith respect to trainlng 1n a forward or backward fashlon, the most

consÍstenË finding was that the task trained with the modified BC proce-

dure requfred fer¿er traíníng steps contacted for the individual sËeps to

reach críterion. This conclusion was made in all Ëhree experiments, al-

Ëhough the dífference was small in Experiment 2 (the short tasks) and

ExperimenE 3 (the long tasks). In Experíments 2 and J, the task traÍned

with rnodifíed BC also required fewer task criteríon trials, with Ëhe

exception of one subject in Experiment 2. Tn Experíment 1, however, the

Ínitial advantages of traíníng with modified BC were negated for three

of Ehe subjects because more task criterion trials \,üere required when

modified BC was used. Thus, in Experíment 1, the total contacts Èo task

crÍËerion on all.types of tríals tended to show no difference, or favored

rnodífíed FC, whíle in the other tv¡o exPeriments, total contact,s t.o

Èask criËerion facored modified BC. TOT and TST for every subject in

all three experíments r,reïe consistent v¡ith the steps contacted variables.

No clear differences \rere seen betr.reen the procedures in errors on learned

steps or steps contacted per minute.

There are three poínts of applied interest that nay be made based on

the above conclusions. First, training in a backward fashion was gener-

ally better in terms of nurnber of steps contacted and training tíme. The

faílure to fully replicate this in ExperimenË I is interesting. After

-.-ri-¡..-_i1.,i,::jl

tl
I

rl
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Experlment I was conducted, it was apparent that in spite of cont,inued

efforts to equate the brake and:eel, a task effect still existed. Thus,

tasks with more homogeneous component steps, boËh within and beÈween tasks,

were selected for the next tr^To experíments and it rr¡as in these two experi-

ments that ít was concluded that rnodífíed BC was more effectíve in terms of

learning contacts Ëo índividual step criterion and number of task criteríon

trials. In Experiment 1, as noted, modifíed FC tended to require fewer

task críterion trials. This suggests a possíble interactÍon betr,¡een task

characterístics and training ín a forward or backward fashion such thaË

tasks r¿ith homogeneous component behavíors requíred. fer¿er task criËerion

trlals when trained wíth modifíed BC, but with tasks having heterogeneous
':

'{ componenÈ behavíors, fewer task críteríon trials vreïe required with modi-
I

fied FC.

The second point to note is the fact that differences (frorn the

findings 'of Pallotta-Corníck et al., 1978) were observed in Experiment

2 usíng the least complex tasks. Pallotta-Cornick eíal. (1978) did noÈ

flnd any dlfferences with Èheir sínple packagíng tasks, so none. rtrere

expect.ed with Ëhe simpler tasks in the present study. However, Ëhree

of the four subjects showed at leasÈ small differences favoring rnodifÍed

Bc. The packagíng Ëasks used by Pallotta-cornick et al. lacked the

homogeneity of component steps that, was a feature of the Lego tasks in

this research. If an interactíon does exist betr.¡een task characteristics

and direct.ion of chaining as suggested above, iË could. account for the

inconsistency of the findíngs between the two studies.

The third point of interest is that there r¡ras no difference in steps

fi

I'

,..
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contacted per minuËe betr¡reen tasks learned in a forward or backward

fashfon, indicating that nei-ther þrocedure produced faster r,¡ork rates in

the subjects. Thus, even sma1l differences in terms of steps con¡act.ed

\¡lere seen in traíníng tíme (TOT and TST). Even srnall, replicable differ-

ences may be ímport.ant in an applíed settíng such as a sheltered workshop

where several elients may require training as neer contracts and/or clienËs

come ínto the shop, sínce the small difference would accumulate r¿hen

traíning a group of clíents. Also, as seen ín Experíment 3, a difference l',,,,i,.,.
i:, :r ': 

:!" j:::

in total steps contacted Ëhat appears fairly smal1 can translate into 
i

substantíal differences in trainíng tíme (e.g., for Subject 6 the differenc. ,

lüras over one-ha1f hour) when long tasks are being t.aught.j ..---------o 
iil l^lith respect to investigating the modified chaining format, it seems 
f

icl-ear from the error rates, number of task criteríon trials, and proportion 
i'i

of tÍme spent on task críterion trials that retention was faírly poor wl-th 
f

thís training format. Errors on learned steps tended to occur at a rate i

seldom under LO%, and sometimes as hígh as 40% or more across all Èhree

i. r,;,1,-..';lexperíments. These hígh rates prevailed until task criterion trials began 'tt-ìi.:
1,.,-....,.

and the rates gradually dropped until the task criËerion r¡ras met. Error :',t, ,l';
i::.::::iì.

rates on follow-up retention tesËs rÁrere hígh, rangíng from o% to 3L%, but

generally above 10%. Similarly, Èhe number of task criterion trials re- ,

quired before subjects reached task criteríon was high in ExperimenÈs I ,,.,.,...,

and 3, rarely und.er 10, and sometímes as hígh as 40 or more. Even in i#

Experiment 2, one subject requÍ-red 41 and 26 task criterion trials for the

two tasks Ëo be learned. Thus, the error rates and number of task criter-
ion tríals required to reach task criÈerion indícate that although Èhe

,::.-: " i .

ir..-,, -;'. -|¿l¡ lÈ-:Ji:i-ì;.'r:4.
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índividual sËeps were learned, there was poor generalization over tíme.

The costliness of this resulË ín terms of trainíng time can easlly be

seen ín Ëhe Tor and TST graphs. ím.n training time was greater, it
appears that Èhe proporÈÍon of traíning time spent on task criterion 

,,.::,,,, ,,,,,,tríals was also high. This is seen especially in Experiment 3 where Ëhe

proportÍon of, training ÈÍme spent on task críteríon tríals r¡/as a substan-

Ëia1 portion of TOT and TST. In effect then, with the modifÍed format ,

much time \,ras spent repeating steps thaË had already been learned. This would ili':tt':l;.

appear to be a serious shortcoming of the modífied format. It was intro-

duced because it elininated most of the practice on learned steps Ínherent

Ëo Ëhe usual chaíning format. However, the poor retention found v¡ith the

modified format probably negated any potential advantages in terms of re-
J

quired number of steps contacted and training tíme required to learn the

tasks.
:

The p::esent study indicated that modified BC \¡/as generally more

effective t-han modified FC to train reËarded c1Íents in the low moderate

to high severe range of funct,ioning to perform various assembly tasks.

This conclusion must be qualifíed however because the differences tended

Ëo be sna1l, and t.hey were not universally replicated across all subjecÈs

in all experiments. A possible source of variabitity was the degree of

homogeneity ín the component behavíors within and beËween tasks. This

should be investigated in future research. For the presenË, it would

appear that the rnodified BC format v¿as more effective in Èraining tasks

with hornogeneous comPonent behaviors and that as task length was increased,

the saving in training time could be substantial.

Training with the modified chaining format had a serious shortcorning
;,1i¡";;..,.; I ".1i

i::: :: :.; ::
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in that error rates tended to be high and training was often prolonged

due to the generally large number of Ëask criterion trials requíred be-

fore task críËerion Ílas met.. It should be pointed out that Èhe presenË

research modified the chaining format to the extreme so that very nearly

all the practicíng on learned steps was eliminated. However, there are

other nodifícations that coul-d b'e nade v¡hich would cut dov¡n on session

tlme used for practÍcíng learned steps, but not to such an extent as ls
found Ín the tradítíona1 chaíníng proced.ures. These should be investÍga-

ted to detenníne whether or not some of the practice on learned steps can

be eliminated while still maintaining good retention. some ways this
could be done are: (a) increase the 'tearning criteríon; (b) chain in

blocks of steps, ê.8., 2 or 5, but still not all learned steps on every

tria1, or (c) during t.ask criterion t.rials provide massed practice on

síng1e steps on r,rhich errors consistently occur

r:1r:-:.:. 
-ì::l
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APPENDIX À

Bicycle Brake Task .Analysls

1. Plck up housing. L4. pick up washer C.

2. Pick up axle. 15. put washer C onto axle.

3. Insert axle 1n housíng. 16. pick up gear ring.

4. Turn housing over, L7, put gear rlng onto axl_e.

5. Píck up nuË A. 18. Píck up dust cap.

6, screw nut A onto axle. 19. screw dust cap onto housíng.

7. Turn housíng over, ZO. píck up driver.

l B. Pfck up pJ-anet cage. 2L, puÈ drfver onto axre.

9. Put planet cage onto axle. ZZ. píclc up nut B.

i 10. Pick up urasher A. 23. Screw nut B onto axle.

11. Put washer A onto axle. 24, pick up nut C.

L2. Pfck up washer B. 25, Screr.¡ nut C onto axLe.

l-3. Put washer B onto axle. 26. put brake in box.

i.:1'!:::!rl:¡-;in:\-v_!Brirjn:{_:i :,:ì ì.:.i i i.;;.:,:\ ':.: .,î-: .:i
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A?PENDIX B

Fishtng Reel Task AnalysÍs

1. Plck up body. L4. Screr,r on nut A.

2, Plck up crank shaft. 15. Turn body so crank handle is
poínting up wíth spinner in palm.

3. Insert crank shaft fn hole. 16. Píck up back cover.

4, Pfck up centre shaft, 17. Turn so Ëhe hole is poíntíng up.

5. r,nsert, centre shaft ln hole. 18. put body into back cover wiËh
crank ehaf t poínt,Íng up.

6. Move lor.rer f J.ap and glve 19. Turn so spinner te pofnÈíng up.
asseurbLy to experirent,er.

7. Recelve assembly and move 20. pfck up front cover.
top flap.

B. Turn body overr

9. Pick up spool.

L0. Put on spooI.

11. Pick up spfnner head. 24. pick up nut B.

L2, Put on splnner head. 25. Screr¡ on nuÈ B.

13. Pick up nut .4,. 26. PuË reel ín box.

2L. Screw front cover ont.o back cover.

22. Plck up crank handle.

23. Put crank handle onto crarik shaft.

i-',.r
.:
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Man and Car

Man

L. Plck up legs.

2, Pick up body.

3. Snap body on legs.

4, Plck up arm 1.

5. Snap arm L on body.

6, Pick up arm 2,

7, Snap arm 2 on body.

8. PLck up head.

9. Snap head on body.

APPENDTX C

Task Analyses

Car

L. PÍck up chaseis.

2. Plck up block 1.

3. Snap block I on chassis.

4. Pick up cab,

5. Snap cab on block 1.

6, Pick up bLock 2.

7 , Snap block 2 on chassls.

B. Pick up engíne.

9. Snap engíne on bLock 2.

Ì ri:.l.:jr:'



-i'l---?¿'¿:--'.:.1ë: i:, 7;. : I
,t: :t rl

54.

APPENDIX D

Ltght ALarm Task Analysis

Chassls Assenbly I,rlire Connectfons

1. Pfck up battery block. 2L, Pick up r¡íre 1.

2' Pick up blank block. zz. Bend back epring for flrst

3. Position L and 2,

4. Clfp I and 2.

5. Plck up earphone block.

6. Poeltton 5.

' 7. Cltp 5.

connectlon, fnsert one end of
wlre and release.

23. Repeat 22 f,or other end of
connectlon.

24-53. Repeat eteps 2L-23 for wire
connect.lons 2-11.

54, Pick up one earphone r^rire.

8. Pick up transístor block. 55. Bend back fírst earphone tenninal,
fnsert ¡.rfre and release.

9, PosftÍon 8.

10. C11p 8,
56, Plck up other earphone ¡¿ire.

57. Repeat 55 for second earphone
11. Píck up solar ce1l block. terminaL.

12, Position solar cell block.

l-3. Cl1p solar cell block.

L4. PJ-ck up resistor block.

15. Posltíon resistor block.

L6. ClÍp resistor block.

17. Plck up transformer block.

18. Posltíon transformer block.

19. CIfp transformer block.

20, Cllp Ëransformer bl-ock.

ì
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Morse Key Task Analyeis

Chassis Assenbly

3. Poslt,lon L and 2.

Wire Connectlons

55.

l. Pick up key block, ZL. Pick up wire l.

2. Plck up transístor block. 22. Bend back sprlng for first
connection, lnsert one end of the
l¡lre a¡rd release.

4. CJ-ip 1 a;nd 2. 23. Repeat 22 Í.or other end of
connection.

5. Ptck up .01 MFD bIock.
24-53. Repeat steps 2L'23 for wlre

6. Posit,lon 5 . connect,lone 2-11.

7, Cl-fp 5. 54, Pick up one earphone vrLre.

B. Plck up transformer bLock. 55. Bend back first earphone term{nal.

9. PosÍtlon B. 56, Pfck up other earphone wire.

10. Cltp 8, 57. Repeat 55 for second earphone
terminal.

11, Ptck up earphone block.

12, Positlon earphone block.

13. Cl1p earphone block.

14, Plck up btrank bl-ock.

15. Posítion blank block.

16. Cllp blank block.

L7. Pick up solar cell- block.

18. Posítion solar cel1 block.

19. Cl1p solar cell block.

20, C1-íp solar cell bl-ock.


