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AsSTRACT

Three experiments hrere conducted, using a multi_element baseline

design, to compare a modified forward chaining (MFC) procedure to total
task presentatÍon (TTp) procedure in teaching assembly Èasks to retarded

clients. The assembly tasks included a l3_part bicycle brake and a 13_

parÈ físhing reel for Expeïiment I; a 5-pârt Lego car and a 5_part Lego

man for Experiment II; and tvro z0-part åbstract Lego designs for Experi_

nent III. GeneralJ"y, MFC üras found Èo be superior in trainÍng steps to
Ínítíal- step criterion and to the final" task cîíterion with fewet steps

contacted. (steps that the subject was required to perform were counted.

as contacted a maxÍmum of once per trial). The amount of tiEe the sub_

jecta spent acÈuall-y workfng wlth the tasks raras arso founar to be ress in
MFC. I{owever, the trainer required nore tíne to apply the MFC procedure.

Thi's resulted ín ¡ninimal differences betraTeen the procedures when total
Èralnlng tlme was considered. 0vera11, subjects had fe¡¿er errors in TTp

and minÍmal dlfferences were found in Èhe i{'ork rate (speed) of the subjecËs

in the trro procedures. rn additíon, no appaïent differences r{ere revealed

ín the retention tests and no systematic interacËions betr,Íeen the proced_

ures and task complexiÈy were noted across the three experiments. Finally,
some implications of the present sÈudy were discussed and further modifi_
cåÈions and examínations of trainíng proced.ures rdere suggesÈed.
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INTRODUCTION,

Varíous training procedures such as forward chaining (FC), backward

chaining (BC), and total task presentation (TTp) have been enployed to

teach the merrtally handícapped to å.cquire self-care skills (Martin, Eng_

land & England, 1971; Martin, Kehoe, Bird, Jensen & Darbyshire, 1971),

and vocationaL skills (Gold, 1972, 1974, Nore 1). Typically, these pro_

cedures ínvolve breaking dor,ün a task i.nto a number of snaller steps arran_

ged in a sequence appropriate for the level of functioning of the clíent.
In FC, the fÍrst step 1n the sequence is Èaught first; then the first

tr,ro steps are línked Èogether; then the first three steps; and so on until
the end of the chain is reached. BC proceeds in a reverse order; that is,
the last step is established first; then the last trrro sÈeps are linked to_

gether; then the last three steps; and so on progressing backwards tordards

the begj-nning of the chain. In TTp, the client sirnply perforr¡s all the

steps frorn the beginning to the end of the chaÍn on each attempt.

Previous studies that compared training procedures have prinrarily

used normal- subjects and various verbal or non-Dotoï tasks such as pto_

grarnmed naterlals ín mathematics (Ba1son, 1971), poetry (Haïtley & trrtrooils,

1968), and the Markov predicrion task (Naylor & Briggs, 1963). Findings

were generally inconsistent and generalizations to the vocational train-
ing of the nenÈa1ly handicapped were greatry }iníted. Blake and tlírlia¡ns

(1969) cornpared FC, TTp, and a pure-parÈ proced.ure (i.e., each step or

component was taught Ín ísolation and then they were cornbíned) using

retarded, normal, and superior subjects. The authors reported that the

best performance occurred ín the superior group, then the normal group,

and then the retarded group. For all three groups, TTp r,ras superior

while the other two procedures did not díffer. Although Èhe l-evel of

funcËioning of the retarded subjects was not specÍfieil, ít seemed Èhat
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they hrere quite high functioning judging from the nature of the task
(paired-associate task using CVC trÍgrams as stímuli, and three dÍgit
numerals as responses). l{ettelbeck and Kirby (1976) also compared. !C,

TTP, ånd pute-part procedures in teaching míLdly retaraled cl-ients to
Èhread an industrial sewing machine which consisted of J-2 steps grouped

togêther into four components. Both FC and pure-part procedures were

found to be superior to TTp in errors and total training tíne. Soue in_

dications that FC lras better than pure-part r,ùere present; horarever, the

difference was not statÍstically signifÍcant. Furthermore, no difference
was found in retentlon for all_ three groups. !¡eber (197g) compared FC

and BC ín teaching retarded clfents to perform a simple assenrbly task.

The task r¡as a science kÍt rdhich included some crankg and gears, r,ri th

six parts in total-. Results shor{red that BC I,¡as superíor to FC in having

fe¡¿er errors. I,Iâ11-s, Zane a¡d EllÍs (Note 3) also Èrained ïetarded

clients on simple task assenblies usj-ng FC, BC, and TTp. The three assem_

blies, each consisÈing of six pârÈs, túere a meat gringer, a carburettor,

and a bicycle brake. The tr^7o chaining procedures were found to have fen¡_

er errors than TTP, and BC rdas slightly superÍor t.o FC. However, the

overall trainÍng time r,\râs sinilar among the Èrâining methods. It was

suggested Èhat the chaining procedures placed a restriction on the rate

of acquisition in that the mínÍmum possibLe trials were fewer for toLal

task presentation.

A recenÈ lÍterature revieqT on behavior nodÍfication in shelterett

workshops (Mårtin & PallotEa-cornick, 1979) indicâted a lack of research

in examining various ttaining procedures in this area, Such research was

suggesËed and vier¿ed to be essential for fhe deveLopnent and disseminat_

ion of a training technology. Following one of Èhe suggestions by Martin



3.

and Pallo t ta-Corníck, a study rnrås conducted to compare FC and BC ln

Ëeaching complex assenrbly tasks to retarded clients (pallotËa-Cornick,

MartÍn, Suthons & Yu, Note 2), A l3-part bicycle brake and a l3_part

fishing reel were used, and each task r¿as broken do¡¡n into 2g steps.

Resul-ts were confounded by a task effect (i.e., the bÍcycJ-e brake r¡as

easier t.o learn than the fishing reel-). In spite of thís, BC r{as found

to have sJ-ight]-y fewer errors. yu, Suthons, pallotLa-Cornick and Martin

(Note 4) taught retarded clients the same tasks âs fn the prevlous study

usÍng. IC and TTP. Regardless of the task being trained, the percenÈage

of errors r,7ere twice as hÍgh in TTp than Ín FC, and subjects performed

fasÈer during traíning vrhen the FC procedure r¡as used. However, Èhe total
traÍning tine did not differ between the two procedures, These findings

were similar to those reported by l.rralls et al. (Note 3). yu et al. aLso

noted that the FC forDaÈ ítse1f restrÍcted the speed of acquisition in

Èhat the mlnim'm possÍb1-e trials (ând steps contacted) to J-earn the task

Ìrere greaÈer than ln TTP because subjects spent more time in repeating

sÈeps thât were al-ready Learned.

Based on the findings reported by yu et al.,, the present study com_

pared TTP to a revised forward chaining procedure. It ra,as presuned that

by decreasing Èhe amount of repetition of learned steps, and. retaining

the feature of teaching one step at a Èime, Èhe effecLiveness of the tra-
ditional FC procedure night be improved.



EXPERIMENT I

Method

Subiects and Settins

Four mentarly reÈårded clÍents frou the Manitoba schoor- for the

ReÈarded served as subjects (see Table 1), Two of the subjects

InserË Table l- about here

had sorne previous sheltereal workshop experience which included nainly
sinple packaging tasks. None of Èhe subjects had príor experÍence with
the experimenÈal tasks.

Sessions were conducÈed in a room measurÍng approxlnately 6 m X 6 m,

located at the Manitoba School. To ¡ninimÍze distractions, the trainíng
area had trnro srûa1l areas separated from each other by partitions. The

experimenter and the subjecË were seated side by side, i.?ith the task
materials located on a table in front of them.

Task MaÈerÍals

A three-speed bicycle brake and. a spin_cast físhÍng reel were used

as experimental tasks. These were essentÍally the same tasks used by yu

et al. (Note 4). Some particuJ-arly difficult steps in the fj-shing reel
Ì^rere ídentifÍed in the prevÍous study, and were modified and/or eli¡nina_
ted as a further atÈenpt to equate the tasks in ter¡ns of difficulty.

rn this study, each Èask consisÈed of 12 païts and ¡¿as broken dovm

ínto 26 steps (see Figures L and 2 for Ëask analyses). A Ëraining tray

lnsert Figures l and 2 about here

approximâtely 1,3 m long with L3 compartmenËs r¡as used to hold the parÈs
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1. Pick up the housing.

2. Pick up the ax1e.

3. PuÈ the axle into Lhe housing.

4. Turn the housing over.

5. Pick up nut A.

6. Screv nut A onto the ax1e.

7. Turn the housÍng over.

8. Pick up Èhe planeÈ cage.

9. Put planet cage into the housing.

10. Pick up r,Tasher A.

lL. Put r{rasher A onto fhe axle.

L2. Pick up washer B.

13, Put washer B onto the axle.

14. PÍck up washer C.

l-5. Put washer C onto the åxl-e.

16. Pick up the gear ring.

17. Put gear rj-ng into the housíng.

L8, Pick up the dust cap.

19. Screrr the dust cap into the housing.

20. Pick up the driver.

21. Put the driver inÈo the housíng.

22. Píck up nur B.

23. Scrêw nut B onto the axle.

24. Pick up nur C.

25. S cre¡rr nut C onto the axle.

26. Put finished product ínto box.

FÍgure 1. Task analysis for the bicycle brake.
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1. Pick up the body assembly (with flaps already out).
2. Pick up the crank shafL.
3. Put crank shaft inÈo body assernbly through side opening,
4. Píck up center shaft.
5. Put center shaft into body assernbly through center.
6. Move lower flap inside (experimenter takes assernbly, locks j-n andreÈurns to subj ect) .

7. Move upper flap over center shaft.
8. Turn body assembly over with botton facing up.
9. Pick up the spool.

10. Put the spool onto the body assembly.
lL. Lock in the spool (r{íth thu¡nb on edge of spool and lifting leverwith forefÍnger).
L2. Píck up the spinner head

13.. PuÈ spinner head over spool onto the centeï shaft.
14. Pick up spÍnner head nut,
15. Screw spinner head nut onto cenÈer shaft.
16. Turn ahd hold body assembly by the edge such that spÍnner head

faces into palm, with crank shaft pointing upwards.
17. Pick up back cover with open face away fron palur and hole on theside facing upwards.

18. Put body assembly into the back cover (with crank shaft and draggoing lnÈo Èhe appropriâËe openfngs).
19. Turn Èhe whole assernbly such that the spinner head faces upwards(to avoid body assembly fal-l"Íng out of the back cover).
20. Pick up front cover r,lith the larger opening facing away from palm.
21. Scret¡ front cover onto back cover.
22. Pick up crank handle.
23. Put crank handle onto the crank shaft.
24. Pick up the cránk nut.
25, Screw crank nut onto the crank shaft.
26, PuÈ finished product into box.

Figure 2. Task analysis for the fishing ree1.
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during training. Each compartment håd a coveï so Ëhat only Èhe parts

currently being traíned were displayed.

Experimental Design

A nulËi-elernent baserine design (sidman, 1g60; ulman & suLzer-Azaroff,

1975) with counterbaLancing of tasks and training procedures across sub_

jects kras used (see Figure 3, Experiment I) for counËerb alancÍng arrange_

Insert Figure 3 about here

ments. The ordel in whrch Èhe tasks r{rere trairied was randomry determined

rÀti Èhin each sessÍon day. Tlro sessions, one on each task, r,rere cond.ucted

daily with each subject fron Monday to Friilay. AlL sessions r¿ere conduc_

Èed by the same experimenter.

Modified Forward Chaining (MFC) procedure

The nodified forward chaining procedure proceeded. in a fon¡¿rd. fash_

ion according to the natural order of the chain. Fj-rst, step I r,ras taught

to step criterÍon (i.e., untij- the subject could perform the step correctly
without help for tr^ro consecutive trÍals). Then step 2 vras inLroduced on

trials in r¿hich the subjects was also required to perforru step l. The

trâining of these tl.¡o steps continued until sËep 2 reached. criterion.
Next, step 3 was introduced and Èhe subject l.râs Èhen required to perforn

steps 2 and 3, and sÈep I hras dropped frorn the chain. After crLterion

vras reached on step 3, step 2 was dropped ånd step 4 was introduced to

link wiÈh step 3. Thi-s procedure continued untÍ1 the end. of the chain.

After the last step of the sequence was l-earned, the subjecÈ hras requi-red

to meet a task criÈerion, which was Èo perform the whole task correctJ-y

on three out of four consecutive trÍaLs, in order for the task to be con_
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Subject L

Subject 2

Subject 3

Subject 4

I

Figure 3. MulLÍ-element baseline desÍgn wiÈh counÈerbalancing of
tasks and procedures across sublects for Experiments I,II, and lII.

MFC - Modífied forward chainíng

TTP - Total task presentation

!:peIileggL gIE4"'.nl_rr

MFC - brake MFC - car

Subject 5

tfFc - car

SubJect 6

Subject 7

Sub-j ect 8

E¡pg.re"fgl
MFC - blue/r¿hÍte (Bhr)

MFC - brake MFC - BW design

MFC - reel

MFC - reel MFC - man
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sidered learned.

A general couunand such as ,'(Narne), please nake a bicycle brake, Do

the next two steps," was given to íniti¿te a trainÍng ârial-. Starting
at the second sessÍon, a probe trial rùas given at the beginning of each

session in whích the subject was requlred to perforn the task fron the

beginníng up to the last step that haal been learned to crÍterion. Figure

4 ilLustrates ho¡¿ this proced.ure proceeded clifferently from the tradiÈional

Insert Figure 4 about here

FC and TTP procedures, assr¡ming â l-o-step response chain, íurposing the

step and task criterÍa ín thís study, and assr:ming perfect J-earning.

TotaL Task P

TTP âlso proceeded in a forward fashíon. As in MFC, a general com_

mând initiated each triaL but Èhe subject was required to perfom the

whole task from the first step to the Last step (see FÍgure 4). The sÈep

and task crÍteria hrere Èhe sâ.me as in MFC.

Prompting and Fading procedures

All data coll.ected durÍng baseLine and training in both proced.ures

were scored according to the fol1owing codes which closely approximate

those descríbed by l.fartin, Murrell, Nicholson and Tallrn¿n (1975):

Leve1 4 - Subject performed a step correctly !¡Íthout

any he1p.

Level 3 - Subject performed a sÈep correctly l,rhen gíven

one verbal instrucÈion, e.g., "(Name), screr,t, the

nut onto Èhe axl,e. t'



Tríals
.7 .8 .9 .10.11

Minimum number of steps corltacted. = 115

11.

I
2
3
4

o5ù,oo

I
9

10

Tradítional Forrrard Chaínins Procedrrre

ModiÉied Forward_Çhaining procedure

1
2
3
4

ø5ù.ot

8
9

10

I
2

3

4
tt-o.)ci-Ðb-7

8
9

10

Minimum number of steps contacted = 6g

Totâl Task Presentation
Trials

.L.2.3.

Minímum nrnnber of steps contacted = 30

Figure 4. Illustrations of the trådítional forward chaining procedure, the
rnodified forward chaining procedure and totaL task presentaiion
for a l-O-step response chaín, assurnÍng perfect learníng and
inposing the step and task criterÍa of this study.

Trials
10.Lt.12.13.14.

R1 R1

R2 R2

R3 RJ ì?
R4 R4
R5 R5 r5
R6 t6 (o
R7 R7 ì7

R9 Þo
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Level 2 - Subject performed a step correctly when given

instruction plus exËra verbal â¡d/or gestural

prompts, e.g., rr(Nane), 
s crertr the nut on the

axLe. Turn like this,rrwhíle modelling turn-

ing moÈÍon wÍth hand.

Level" 1 - Subject performed a step correctly only after

physical guídance was given.

For each step being trained, the subject was al-ways given an oppor-

tunity to perform at Level 4. The experlmenter would record a 4 if the

step r¡ras performed correctJ-y at this 1evel; if not, Level 3 pronpting was

given. The subject r¡ould score a 3 if the sÈep rras perforured correctly;

if not, Level 2 pronptfng was gÍven, and so on. The sublect was allowed

10-L5 seconds to ínitiate responding after the general conrnand was given,

or after tlie completj.on of the previous step, ot after a Level of prompt-

íng had been gÍven. If the subjecL did noÈ respond, made an error, oï

engaged in non-producÈive behavior, the experímenter r¡ould provide the

next lolrer level of prompting. A step r,¡as considered l-earned if the sub-

ject scored a 4 on tr¡ro consecutive tïíal-s (step criterion).

A non-specific prompÈ such as, "i,Ihat t s next?'l or "Carry on," was

given for a step that had reached step criterion if the subject r¡as dis-

Èracted or engaged in non-productive behavior (e.g., playing q¡ith the

task nâterials) for about 10 seconds. If the subject resrüed work and

performed correctly, a 4 r¿ould still be scored; if not, necessary pronpts

Iatould be provided and the level was recorded.

Incorrect perforrnance of a step that had Teached sËep criterion was

correcËed irnuredia te ly by the experimenter by providing the necessary

prompts. Any score less than 4 aftex a step reached criteríon was consid-
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ered to be an error.

lnterobserver RelÍabi1íty

Reliabilíty checks were Laken by a trãined observer r,rrho sat at the

end of the tab1e, and recorded the level of help provided by the experi-

menter fot each step. Interobserver reliabil-ity r¿as calcul-ated by clivid-

ing the number of agreements by the number of agreements plus disagxee-

ments ånd nultiplying by 1"00. The experirnenter t s data were always used

for data analysis. Reliabillty resul-ts are presenËed in Tab le 2 (Experi-

nenÈ I).

Insert Table 2 about here

Consequence Management

For both trainÍng procedures, verbal, approval (such as "good", 'rwell

doner', eÈc.) r{as contingent on the subjectts performíng a step at a level

that r,rras equal to or better than the best of his/her previous performance,

until that level reached criterion (i.e., perforured at the same l-evel for

t$ro consecutive trials). No consequence r{as applied if Èhe subject con-

linued to perform at Èhe same level for more than tl,¡o trial-s or if the

subject regressed to a lower l-evel. Therefore, soeial approval occurred

only at the end of the Ëria1 in the MFC procedure because only the last

step wâs being trained. Ho!¡ever, in TTP, social approval coul-d occur

during a trial for the sËeps that wete stÍll being trained (i.e., had not

reached criterion).

Edible reinforcers consisted of a variety of food and drinks sueh

as sm.artÍes, peanuts, raisons, fruit julce and coke (given in sna1l cups).

The subject was allowed to choose one item at the end of each trial



Table 2

Interobserver Reliability Results for Experirnents I, II, and III

L4,

Sub ì ec
ExperimenÈ t -î

s2

s^
J

t
4

dure

Nuu¡b er of
Sessions lJith
liabilitv r*re

Mean
IOR (

MFC - brake I outot I 98 98
TTP - ree l 1 out of 10 l00r 100
MFC - brake I out of I 87-I 87.8
TTP - reel ouE of 15 92 .3
MFC - reel l out of 8 q7 97
TTP - brake l out of 8 94.7 98.7
MFC - reel 1 out of 16 84 .6 84.6
TTP - brake I out of 15 ot, , .2

Experiment II St

sz

S^
5

;
+

MFC -
TïP - man

MFC - car 2 out of 98. 4 .8-1
TTP -
MFC - man

IïP - car out of 2 97 .2 97 .2
MFC - men l out of 5 100 100
TTP - car I out of I 96.3 96.3

Experinent III S_
J

c
b

tt

.
s8

MFC - BiI desiqn I out of I 97.4 7.4
TTP - RY desien 1 out of L0 95 95
MFC - Bfl desi sn 7 out of 33 98 -2 5-100
TTP - RY desisn 8 out of i7 98.5
l{FC - RY dp 6 out of 30 97.L

92.3-rTTP - Bl,I desi 6 out of 30 98
MFC - RY desisn 6 out of 39 98.7 ) 8-100
TTP - BI^l desien out of 44 94.6 l3-100
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only if the last step Íras performed correctly ãt the appropriate Level.

Baseline Procedures

Two baselines were taken for each subject on each task. The

first baseline sinpLy tested whether fhe subject could asser¡rble the whole

task. All necessary itens to complete a task r,rere placed appropriately in

the training try, which was then presented to the subject. Then the ex-

perimenÈer gave â. general conrnand, such as, "(Nane), please rnake a bÍcycle

brake. Do all you can. Make one like this," while showing a compJ-eÈed

product. The subject was allowed one minutê to ínitiate responding. If
the subject responded r¿ithin a minute, the experimenter recorded the

steps performed until a1I parts r¿ere used up or unÈll_ the subject stopped

respondi-ng for one minute.

The second baselj"ne tested the subjectts level of performance

at each step in random order. For example, testing step 7 in the bicycLê

brake task, the experimenter assembled the first 6 steps and tested

step 7 alone. The level at nhich the subject performed that step r¡as

determined by using the pronpÈing procedure described earlier.
No consequences were applíed for baselj-ne performance. Social appro_

va1 and edibl-es were gíven about every five minutes contingent upon

the performance of an alternate response, such as asking the subjecË to

put hís/her hand on his/her head.

_¡SrCede!.t_yel&Þ!"s

Tiure on task (TOT). T0T r,ras measured during each triaL usíng a stop

r,¡atch and was defined as the time fron the general command at the beginn-

ing of each trial to the end of the trial upon conpletion of the last step.

A session ended after the completion of a trial r¿hen the cumul-ative TOT

r¡as as close as possible to 15 minutes.
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Total session tirne (TST). TST r{âs measured for each sessíon with a

second stop raratch. This was defined as the time from the general co¡nrnand

for Ëhe first trial of each session to the tine when reinforcement r,rras

dispensed at the end of the session.

Total number of steps conÈacÈed to task criterion. Steps that the

subject was required to perforn on a trial r,íere counted as contacted a

maxj-mum of once each per trial_. Thís dependent variable lncluded the

!oEa1 number of steps conÈacted from the beginning of training until the

task criterion r¿as reached.

Totâ.l number of sËeDs contacçed to initíal step cïiterion. This was

defined as the total nr¡nber of steps contacted for all steps to reach the

lnÍtial step crÍ terion.

Steps contacted per ginute. This was calculated by dividing the to-
tal nr¡nber of steps contacted to task crÍterion by Èhe totat TOT.

Total number of Incorrect performance (any score less than

4) after a step ¡eached step criterion r¿as considered to be an error,

Retentfon

Six months after traÍning was compJ-eted, each subject was asked to

perform Ëhe tasks three times. Errors were coïïected as they occurred,

and r¿ere tabulated as the dependent measure.

Results

None of the subjects were able to assemble the r^rhole Èask prior to

traj-ning. Baseline scores for índivÍdual steps r4,ere summed for each

task. The highesÈ score that could be obtained was 7g (perfect score).

¡'or the bicycle brake and físhing reel Lasks, respectívely, Lhe scores

were: 48 and 40 for Subjeet 1; 50 and 44 for Subjecx 2; 45 and 34 for

Subject 3; and 25 and. 42 for SubjecÈ 4.
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In spite of the further equating of the trro tasks in terms of diffi-

culty, regardless of training procedures, all subJects required more time

to learn Èhe físhing reel Èask (see Figure 5) ' inpLying that the fishing

Insert Figure 5 abouÈ here

reel Îaras sti1l more difficult to Learn Lhan the brake. Thís task effecÈ

confounded the procedural effect and produced ínconsÍsÈent results among

the subjects when the Èasks rnrere counterbaLanced with training procedures.

Ilowever, the average TOT for MFC r,¡as sHghtly Less than TTP, whiLe

the average TST IÀ,âs the same. The difference beÈween TOT and TST (shaded

area in Figure 5) indicated the amount of time spent by the Èrainer in

perforuring necessary activities (whlch included rearrangÍng task maler-

ials in betr,reen trials, some data recordíng, and reinforcement tiroe), and

r^7as consistentLy greateï 1n MFC Ëhan Ín TTP.

Iigure 6 shows the total number of steps contacted to sLep and task

Insert Ïigure 6 about here

criteria. Three out of four subjects (Subjects 1, 2 and 4) had fer,rer steps

contacted to task criterion when taught by MFC. A1so, thTee out of four

subjects (Subjects 1, 2 and 3) required fewer steps contacted to reach ini-

tial sÈep crlterion in MFC. The group average favored MFC both in Èerns of

the Ëotal number of steps contacted to initiaL step criteríon and the Èot-

al number of steps contacted to Lask criteríon,

Figure 7 shows the total number of steps conËacted per mínute for

Insert Figure 7 abouÈ here
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each subjecË and Èhe group mean for each procedure. The ilifference lrith-
in each subject was relatively small, !üiËhin Ëno steps per minute, favor_

ing MFC only in Subject 2. The group rneans shor¡ed a slíght advantage for
TTP .

T1re total number of errors are shor,m in Figure g. Suall dÍfferences

Insert Figure 8 about here

were found Ín three of the subjects. T.tre exception was SubjecÈ 3 ¡,rho had

considerably more errors Ín MFC. The group means sLightly favored TTp,

' -Fígure 9 shours subject lts data presented cr:murativery for each step

Insert Figure 9 about here

on the number of sfeps contacted to Ínitlal step crlterlon, the number of

steps contacted to task criterion, and the number of errors mad.e during

trâ.íning. The steady slopes of the curves are representative for a1L

subj ects.

The total- nurnb er of errorg for the retention test are presented ln
Table 3 (Experinent I). As can be seen in the table, the task effect was

Insert Table 3 about here

âpparent. RegardJ-ess of

on the físhing reel task

brake.

Èraining procedures, subjects made more errors

(i.e., the more difficulr task) rhan the bÍcycle
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Table 3

Total Number of Errors Made During Retention

For Experiments I, II, and III

E:cpe

ect Task
periment I
(Retention period - 6 no)

s*I MFC - hrake

TTP - reel
s2 MFC - brake L4

lTP - reel- 23

S¡ MFC - reel t7
MFc - brake 15

s, MFC - reel /"\

TTP - brake 13
Experiment II

(RetenÈion period - 6 rno)
I MFC - car I

r1? - 0

sz MFC - car 6

ITP - man 7

s3 MFC - man 4

ITP - car
s.

4
MFC - man l2
TTP - cat 7

Experiment III
(ReÈention perÍod - 3 rno)

S-
5 MFC - Bi{ desíen 7

TfP - RY desísn 7

s6 MFC - BW dps I T4

TTP - RY desien 11

s7 MFC - RY desisn 32

TTP - BtrI desÍm 33

s-
Õ

MFC - RY desion 15

TTP - BhI desisn t2
,kSubject I raTas not available for reÈention tests on the brake and
reel.



E)EERIMENT II
Ðue to the inconcLusive fíndíngs in ExpeïimenÈ I and in order to

assess Ì/hether there Ís any intetaction between procedure and task com_

pLexity, ExperÍment rr rnras conducted usÍng simpLer tasks. sorne mlnor

changes r¿ere made and are noted ín the foLlowing section.

Method

Subiects and Setting

The same subjects rn¡ere used for this experÍment (see TabJ.e 1-)

and none of then had prior experience r,rrÍth the experlmenÈal tasks.

Sessions r^rere conduc'ed Ín a room measurlng 6 m by 10 m, and Located

aÈ the Manitoba School. There was no other activiÈy,Ín the same room.

The experirnenter ånd the subject r{ere seated as in Experiment I.
Task Materfâl"s

The experimental tasks were a "car" and a "manrr constructed !,rith Lego

blocks. By using Lego blocks, it was hopecl that task effect could be mini-
mÍzed because the task cornpJ-exity could be uranipulated more easily. A1-so,

the movemenÈs of each response r¿ere sÍmÍLar in both tasks. Each task
consisted of five parts and was broken down into nine steps (see Figures

10 and 11 for schematíc representatÍons and task analyses). The same

Insert FÍgures 1"0 and lL âbout here

trainíng tray was used r^rÍth all buÈ five compartments covered.

Experimental Desien

The multi-element baseLÍne design was also used. for ExperÍment IL
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Part 5

Part 3

Part I

Task anal-ysis:

1. Plck up part 1.

2. Píck up par:' 2.

3. Attach part 2 onto eiËher end of part 1.

. 4, Pick up part 3.

5. Attåch part 3 onto the remaining end of part 3-,

6. Pick up part 4.

7. Attach part 4 onto part 3.

8. Píck up part 5.

9. Attach part 5 onto the center of pa.Êt 2.

?art 2 
-----------.+

Figure 10. Schematic representation and task anal-ysis of the Lego car.
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Part 3

Parx 2

Part 5

P art. 4

ParÈ I

the remaining side of pariL Z.

Èhe center of part 2,

Task analysi-s:

1. Píck up part 1.

2. Pick up part Z.

3. Attach part 2 onto parÈ l-.

4. Pick up parr 3.

5. Attach part 3 onto either sicle of part 2.

6. Pick up parË 4.

7. Attach part 4 onto

8. Pick up part 5.

9. Attach part 5 onto

Figure 11. Schematic represenÈation and task anaLysis of the Lego man.
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[see Ïigure 3 (Experiurenr II)]1

ModifÍ.ed Forward Chaining and Total Task presenÈation

Both procedures r,7ere the same as in EtpeïÍment I.
Promptíng and Fading procedures

These procedures r,üere the same as in Experiment I.
Interobserver ReliabiliÈy

The reliabil-ity assessment procedure was the same as in Experiment r
and the resul"ts are presented in Table 2 (Experirnent II).
Consequerìce Må

Consequence nanagement procedures were the same as in Experiment I.
Baselíne ?rocedure

Each subject úras tested on task assembl-y using the flrst baseline

procedure of Experlment r. The second baseline meâsure of Experiment r,
Ín whÍch each step was individuall_y tested, was not taken for Experiment

II in order to avoid possibLe learning effects during baseline due to the

sinpl-icity of the tasks.

Dependent Variables

The six dependent measures of ExperimenË I were aLso taken in thís
experlment.

RetentLon

A retention test iras conducted six months afÈer the completion of

Èraining. The procedures and dependent neasure r,rrere the sâme as in Ëhe

previous experíment.

Results

None of the subjects could assemble the f¡rhole task during baselÍne.

Figure 12 shor^rs the T0T and rsr required to leaïn the tasks to criterion.
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Insert Figure 12 about here

Once more, a task effecÈ vras presenÈ; the car Lras more difficult
to learn than the man. Regardl"ess of proeedures, the man required

less t lme to learn. This resulted. Ín the reversal of effects ú/hen the
tasks r¡ere counterbaranced across subjects. 

'he 
difference betr{reen Tor

and TST (shaded area in Figure 12) Ìras proportÍonally greater ln MFC for
all subjects Í¡ith the exceptÍon of Subject 4. The average TOT anil TST

across subjects shohTed alEost no dÍfference befin'een the t!¡o procedures.
' A greater number of steps Ìrere contacted in learnlng the car (Í.e.,

the more difficult task) to task criÈerion. This occurred in all sr¡bjects
regardless of trainíng procedures (see Figure 13). Horarever, three of the

Insert Figure 13 about here

subjects (Subjects 2, 3, and. 4) Learned all steps to ÍniÈi.al step criter_
Íon with fer,rTer steps contacÈed in MFC, r,rhíle Subject I shor¿ed no dÍffer_
ences (indicaLed by Ëhe horizontal line r{ithin each bar ln Figure 13).
The group average favored MIc srightly both in terms of the number of
steps contacted to reach initial step criterion, and thê task criterlon.

Iigure 14 shows Subject 2rs data presented cunulatively for each

Insert Figure 14 about here

step on the number of steps contacted to inÍtial step criterion, and the
number of steps contacted to task criterion. The steady slopes of the
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curves are representative for aL1 subjects.

Figure 15 shows the average number of steps contacted per minute.

Insert Figure 15 about here

As can be seen in the figure, the task effect was also apparent. A11 sub-

jects contacted feÌrer steps per minute i.n learning to assemble the car.

A snal-l dífference of less than one step contacÈed per rninute was refl-ecÈ-

ed by the group averages favoring 1T?.

The cumulative number of effors Íncurred duríng trainíng for each

subject, and the group means across all subjects are shown in Figure 16.

InserË Flgute 16 about here

Iihen the car (Í.e., the more difficult task) was taught by MFC and the

nân by TTP, more errors oceurred in MFC nhile no errors occurred with

TTP. lJhen the tâsks v/ere counterbalanced for Subjects 3 and 4, approxi.-

mately the same number of errors r¿ere made in the Lhro procedures. The

group averages also showed a slight advantage for TTp.

The totá.1- number of errors made durÍng retentíon are presented in

Table 3 (Experíment II). No apparent differences were found beÈr¿een the

Ëwo procedures,
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EXPERIMENT III

A thírd replication of Experiment I rras conducted using more conplex

tasks (i.e., long, repetitive chains). Changes thaf weïe mad.e are noted

in the follo¡¡ing section.

Method

Sub-iects and SeÈtÍng

Only Subject 3 fron the previous experiments continued to participate

in Experiment III. Three new subjects were selected and all four subjects

had no prior experience vrith the experímental tasks (see Table 1

for descrÍption of subjects). Sessions were conducte¿l in the sane setting

as E)iperiment II.

Task Materials

The e4erimental tasks rrTere tÌtro abstråct desi-gns construcEed hTith

Lego blocks. Each task consisted of a Lego base board, cut to 19 cm by

20 cm, to which Lego blocks couLd be attached. There r¡ere 20 Lego blocks

Ín each task which consisted of eight pieces meâsuríng 32 mn by 15 nn by

L0 mm, seven pieces measuring 16 nm by 16 rnn by 10 nrn, four pieces meas-

uring 16 rnrn by 8 nm by 10 nrn, and one píece meâsuring 24 rnm by 16 nnn by

10 nrn. The subjects were to attach the blocks one by one to thê base

board follor¡ing a pre-specified sequence. The position of each block was

cued by one or tr47o r^rhite dots, painted on the base board, dependÍng on the

size of the block. One design was made up of blue and r¿hite blocks, and

the oÈher of red and yellow blocks. TLe color alternated from one block

to the next within each design. ligure 17 shor¡7s the schematic represen-

Insert Figure l-7 about here
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tations of Lhe trnro designs.

a Èask anaLysis Ís shown in

38.

Each task was broken dornn Ínto 40 steps and

Fígure 18. Since Èhe steps in both tasks

Insert Figure 18 about here

were identical except for the positioning of the blocks, the steps are

1ísted for only one task.

No training tray was r¡sed ín thls experiment. The blocks r,üere arran_

ged from left Èo right ín the correct sequence ln ftont of the subject.
Experimental Design

The experÍmental design was the same ås in tn-e prevíous experínents

[see Figure 3 (Experirnent III)].
Modified Froward ChainÍng and Total Task presentation

Both procedures were the same as in the prevíous experiments, except

that all parts lrere exposed throughout training.

Prompting and Fadíng Procedures

The procedures \,7ere the sâme as Ín previous experiments .lríth the

exceptions of Subjects 7 and 8. Ha1f-way through the experlnent, these

subjects became very dependenË on Ëhe prompts in that they contLnued

to perform at either l,eveL 2 or 3 on many of Èhe steps, Thus, the usual

tÍne 1ínit (10 to 15 seconds) was decreased to about trüo or three seconds.

Furthermore, if the subject did noÈ ínitíate responding r,r,ithín that
period, physical guidance (Ieve1 1) ¡¿ith no veïbaL prompts was gíven to
perforrn that step. Thts ü7as done to mlnÍ¡nize the possibLe reinforcÍng

effects of proûtpting. physical guidance was faded out as the subject

began to initiate responsing within the brief tine limiÈ. These changes

were impLemenÈed 1n both trainíng procedures after the same nrurber of sessÍons.
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1. Pick up block 1, 21. pick up block 11.

2. Attach block 1 to the ZZ. Attach block ll to thecorrect positíon. coïrect position.
3. Pick up bl"ock 2, 23. plck up block 12.

4. Attach block 2 ro rhe 24. Attach block 12 to rhecorrect position. correct posiÈion.

5. Pick up block 3. 25, plck up bLock L3.

6. Attach block 3 to rhe 26. AÈtach block 13 to rhecorrect posiËíon. correct posi-tion.

7. PÍck up block 4. 27. pick up block 14.

8. Attach block 4 to the ZA, AÈrach b l-ock L4 ro rhecorrect position correct position.
9. . Píck up block 5. Zg, pick up block L5.

10. Attach bLock 5 ro Ëhe 30. AËtach bl_ock 15 ro rhecorrect posiLion. correct position.
11. Pick up block 6. 31. pick up block l-6.

12. Attach block 6 to the 32. Attach block 16 ro rhecorrect position. correct position.
13. Pick up block 7. 33. pick up block 17.

14. Attach block 7 to the 34. Atrach block 17 Èo rhe.correcË position. correct position,
15. Píck up block 8. 35. pick úp block tg.
16. AÈtach bl^ock 8 ro rhe 36. Arrach block 1g ro thecorrect position. correct position.
17. Pick up block 9. 37. pick up block 19.

18. Atrach bLock 9 ro rhe 3g. Atrach block 19 to thecorrect position. correct position.
19. Pick up block 10. 39. pick up btock 20.

20. Attach block 10 ro rhe 40. Attach bloek 20 to rhecorrect position. coïrect position.

Iigure 18. Task analysis for Ëhe bLue/white and red/yellor{, designs.
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Interobsgrver Reliability

The reliabilíty assessment procedure was the same âs in the previous

experÍments and resuLÈs are presented ín Table 2 (Experirnent III).
Consequence Må.nasement

Consequence management procedures were the same as in the previous

experiments with one exception. In the previous experlnents, the subject

did not receive social approvaL for correct performance of a step after
it had reached step criterion, In the present experiment, due to the

length of the châin and the number of tríals required to reach task crlteÌion
after all steps reâched step críterfon, trro or three brÍef Ínstances

of verbal approval were given randomly during a tríal for correct

perfornance of steps that !¡ere already at step criteríon. These vere

faded out âs errors decreased untÍ1 task criterion r¿as reached.

BaseLine Procedure

Since the whole sequenee of Ëhe parts could be seen fron the conple_

ted producÈ, a natch-to-sample baseline was taken. An alternate Lego design

was used for baseline to avoid possible learning effects. The alternate

design was construcÈed with 25 l,ego blocks r¿hích forned the shape of a

guitar. The subject was presented vdth the base board and the necessary

blocks arranged in sequence in front of hirn/her, A completed clesÍgn of

the task r¿as also shonm in front of the subject throughout baseline. The

subject lras gíven a general- cormpnd to attach the blocks to the base board

nalching the compleËed design presented. One minute was all-owed for Èhe

subject to j-nitiate responding. If the subject responded wlthin a minuLe,

the experimenÈer recorded the steps performed untÍl- all parts were used

or untíl the sublect stopped responding for one mÍnute. It raras assumed
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that the subject could not perform the experimental Èask if they did not
emit måtch-to-sample skills on the related baseline !ask.

Dependent Varíables

The dependent variables lrrere the same as in the previous experiments.

RetentÍon

A retention test !¡as conducted three months after the completion of
Eraining. The procedures and dependent measure nere the same as in the

previous experirûents.

ResulÈs

None of the subjects r,rere able to natch the sampJ-e during baseline.
In. fact, no correct attâchments of any blocks were made.

Figure 19 shorüs the time requíred to learn the tasks to criterion.

Insert Figure 19 abouÈ here

Al1 subjects required less T0T raThen the tasks were trained by the MFC

procedure. Hor^rever, the dÍfference betlreen T0T and TST (see shaded area

Ín rigure 19) rsas greaÈer for MFC in each subject. This resurted in
sllghtLy more TST for I,IFC in three of the subjects. The group means

showed an advantage for MFC in TOT buÈ a slight advantage for TTp in TST.

Consistent across all four subjects, tasks tâught by MFC required

fernrer steps contacted to reach both initial step criterion and task cri_
Eeríon (see Figure 20).

InserÈ Figure 20 about here

Minj-mal dífference was noted i.n the nurnb er of steps contacÈed per
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minute for each subject (see Fígure 21), that is, the subjects r¡orked at

Insert figure 21 about here

about the same rate in both procedures.

Figrsre 22 shor^rs the total nunber of errors for each subject. All

Insert Figure 22 aböut here

subjects were for:¡rd to have fer¿er errors in the TTp procedure.

'Subject 5rs daLa, on the nr¡mber of steps contacted to initÍal step

criterfon and task criterion' are presented cumulatlvery for each step in
FÍgure 23, and are generally representaÈive for all subjects.

Insert Figure 23 about here

Figure 24 shows Subject 5rs data presented cr:muLatively for each sÈep

Insert Figure 24 about here

on the number of errors made. This is also generally representative for
all subJ ects.

Although no task effect Lras observed, no apparent difference r,ras

revealed betrareen the pfocedures Ín the reLentÍon test. The Èota1 number

of errors are presented in Table 3 (Experiurent III).
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Discussion

In spite of the task effects in Experiments I and II, MFC showed.

substântial superÍority over TTp in Êrainlng steps to the iniÈLal step
criterion with fewer steps contacted. Only one negative instance (Sub_

ject 4. in Experinent r) occurred across all three experi.¡nents. The re_
sults also shor,Ied that MFC had an advântage over TTp in havlng fewer

steps contâcted to reach task criterion, although the differences were

snaller thân for step criterion. This r,¡as supported by aLl subjects in
Experíment III and the group means of Experiments I and II. There were

three negative instaDces (Subject 3 in Experiment I, and Subjects I ând.

2 in. Experiment rr), and in each of them, the more difficult task was

being traíned by MFC. Hor^,ever, MFC produced reLatively poor generalÍza_

tíon over time during traíning. This !¡as reflected by the greater num_

ber of errors (errors were defÍned. as performing a step below Level 4

after step criÈerion had been reached) in MFC in aL1 three experiments.

There rarere a fer^r excepti.ons (Subject 2 in Experirnent I, and Subjects 3

and 4 in Experiment II), but the differences were mi.nimål ín those cases.
In terms of Ig!, alJ- sr:bjects in Experiment III and the gtoup means of
Experiments I and II indícaÈed a sllght advantage favoríng MFC. However,

more tiItre was required in applying the MFC procedure as indicated in a1l
subjects (wÍth the exception of Subject 4 in Experiment II). Because of
this, the initial advanrage in TOT held by MFC was greatly minimized

r,¡hen TST was concerned. lhe group means ín a1l experimenËs showed mini_
nal differences in TST between the procedures. The data also revealed no

apparenÈ difference in the nr¡nb er of steps contacted per rpi.nute beÈween

the procedures. That ís, subjects notked at àbout the sarne rate during
training in both procedures. procedure and task conplexity lnteractions
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I,rere not evident across the three experiments. In view of the task

effects Ín the firsË tr^7o experinents, such interactlons, if they existed,

couLd have been confounded and precJ_uded. Fina1ly, no apparent díffer_
ence r,ras found in reÈentÍon beÈîreen Èhe türo procedures.

Yu et al. (Note 4) suggested that the traditional FC procedure

resenbred a gradual increase of a fi,xed ratio reinforcement schedule and

that thls may have been partlally responsible for the faster Ì{rork raÈe rela_

tlve to TTP that they observed. r! was also suggested that the traditionar
FC procedure required that more time be spent Ln repeating lêarned sLeps,

thus minlmizing lts efficiency in total trainíng tine. In this study, the

MFC Þrocedure ltras an attempt to Ímpïove traínlng tÍ¡rle by eliminating soxne

repetltion of Learned steps. As the results indlcated, sublects on the

MFC procedure noÈ only failed to improve TST, they also faiLed to xnaintain

the faster vork rate and Lower error rate (in percentage) found ín the

previous study by Yu et al.

Two factors night be responsibJ-e for this f ail.ure. First, one aspect

of the M¡'c procedure lacked the gradual traûsítion of response requÍrement

as in the tradÍtíonal FC procedure. In the MI'C procedure, before all the

steps reached criterÍon, the subject ¡¡as seldom requÍred (thus reÍnforced)

to perform more than a tr,7o-step link except during a probe trial which

occurred once every session. After all Ëhe steps reached step criÈerion"

the chaÍn hras extended to its ful1 Length. This abrupt change of rein_
forcement contingency, which represeûted an i.ncrease in response require_

ment and a decrease i-n reinforcement density, might account for the deter_

íoration Ín both the work râte and the erïor rate. A second fâctor was

the anount of time required in appl"ying the procedure. In spíte of the

r,rrork rate and error rate, lrfFc shor,red a slight advantage in TOT cornpared

to TTP. However, this ådvantage disappeared when the titrle spent by the
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trainer r,Jas íncluded. This extra trainíng tine typically involved re_

arrangj.ng task naterials in between triars, some recording, and reinforce-
ment time. This r¿as higher in MFC because a greater nr:mb er of trials were

perforned each session (due to the length of each trÍa1) than in TTp, be_

fore all steps reached step criÈerÍon.

For the practitioneï, an effective traÍning procedure would include

urinlmal total tralning tlme as an important feature. The present study

suggests that the totaL tÌaining time is a function of a numb er of vari_
ables that are inter-related, and a straÈegy to maximize the effective_
ness of one nay detract from the other, Therefore, an effective traÍning
procedure probably will represent an effective combination of strategíes.
In view of the problems idenÈifÍed in the MFC procedure examined in this
study' it would seem reasonable to make the MFc procedure more simÍlar
Lo the Èïaditional I'C procedure for additional examínatÍon. This may

have the effect of increasing the å.mount of repetition on learned steps

and arranging the tríaLs in such â way as to provide a gradual Èransit_

ion of response requirements fol reinforcêment. such modifications shourd.

brÍng about a faster r,rork rate, a lower error rate, and less traíner
response time. If such modifLcations are found to be effective, they

should be extended to backrrTard chaining for further study.
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