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Sequenced Behavior
1
Abstract

Chaining procedures (forward chaining, backward chaining,
and whole task training) are used to teach seguences of beshaviors
to diverse populations. Recent research comparing the three
procedures has revealed differences between the procedures in
terms of acgquisition variables (e.g., number of errors made
during learning, time regquired to the learﬁ a seguence). Much
less research has examined whether the procedures produce
differences in performance following acquisition.

2 series of six experiments investigating performance
differences following exposure to four chaining procedures are
presented. The four chaining procedures included the three
traditional chaining procedures - forward, backward, and whole
task ~ as well as a random chaining technigue.

Overall, results indicated that forward chaining led to the
most accurate and fastest performance of responses in the absence
of the extermal antecedent stimuli used during training. Forward
chaining also led to more accurate ordering of these stimuli
following training. Random chaining led to the most accurate and

.
the fastest pe;formance of responses following presentation of
the antecedent external stimuli out of seguence order. The
theoretical and practical implications of these findings are

discussed.
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Euman Periformance Differences Following the Learning of

Behavior Segquences by Chaining Procedures

_Dividing a behavior into a sequence of discreﬁe responses
can facilitate both teaching and learning of the behavior. For
example, a dance routine, an assembly task, the operation of an
automatic teller machine, or making a bed may be divided into a
number -of discrete responses. Behavioral segquences are usually

conceptualized as series of stimuli and responses. A& dance

routine, for example, may be divided into a seguence of dance
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stimulus 3 and so on. Three technigques commonly used for
teaching sequences of behavior are forward chaining, backward
chaining, and whole tfask training.

In forward chaining, the subject is tauvght the Zirstc
behavior in the sequence, then the first behavior fcllowed by the
second behavior, and so on, until the entire seguence is
verformed in order. In backward chaining, the subject is first
taught the final behavior of the seguence. At the next step of
backward chaining, the subject is taught the second last followed
by the last behévior; then the subject is taught the third last
followed by the second last, followed by the final hehavior.

This process is continued until che entire sequence is performed

‘1

L9
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in order. In whole task training, the subject attempts the
entire sequence ¢f behaviors on each learning trial until the
seguence is mastered.

Chaining procedures have been used to teach a wide variety
of behaviors to many populations. For example, chaining
procedures have been used to teach retarded persons selfi-care
skills. Azrin, Schaeffer, and Wesolowski (1976) used forward
chaining to teach profoundly retarded persons to cdress. Giles
and Morgan (198¢%) taught a post herpes simplek encepnalitis
patient personal hvgiene behavior using chaining. Chaining
procedures are also commonly used in vocational training programs
to teach mentally disabled persons complex assembly tasks

or example, Martin, Xoop,

w
M
| S
[
£
d
m
5
LU
H
R

!

5
v
¥

| ad
o
~J
W
l]l

Turner, and Hanel (1881) used backward chaining and whole task
training to teach severely retarded persons to assemble telephone
operator’s headsets and bicycle turn signals.

Chaining procedures have alsc been used to teach non-
handicapped populations a variety of behaviors. Wightman and
Sistrunk (1987) used a chaining procedure to teach college
students aircraft carrier final approach skills in a2 fiight
simulator. Simek and O’Brien (198%) used chaining to teach
little leaguers how to hit a baseball. Weiss (1878) and Watters
(1989) taught university students sequences of bhutton presses

using chaining procedures.



Two lines of chaining research will be reviswed here, with z

focus on human learning studies: literature on the acguisition of

post-acquisition performance following training.

Acquisition of Sequences byv Chaining 2rgccecures

Although chaining procedures are a popular ancd eifactive set
of behavior modification technigques, the choice ameong them has
raised quustions for many vears.

Choosing a Chaining Procedure

» .

Until recently, backward chaining was recommence
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chaining procedure of chcice (e.g., Kazdin, 1%8%; Martin & Pear,
1983; Rachlin, 1976). This recommendation was based on &
theoretical analvsis of chaining that gave & critical role tc

conditioned reinforcers in learn

'-l

wing a segquen ce of behaviors

-

stimulus betwesen any two behaviors in the seguence was likesly to

become both az conditioned reinforcer for the preceding behavicr

and a discriminative stimulus for the following benavior. During
backward chaining, the fi 1 behavior in the sequence is lezrned

first and correct performance of this behavior is reinfcrced.

2ny stimulus antecedent to the correct periormance of che

behavior will theoreticellyv become a conditicned reinforcer for
the second last behavior, as well as a discriminative stimulus

for the final behavior. At the next step in backward chaining,
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the second last behavior followed bv the final behavior is
learned. The conditioned reinforcer established at the Iirst
step of training is now contingent upon the correct periormance
of the second last behavior. Therefore, any stimulus antecedent
to the performance of the second last behavior followed by the
last behavior, becomes a conditioned reinfo:cer for the third
last behavior and a discriminative stimulus for the second last
behavior.

This process continues as each behavior is added to the
sequence, so that the power of the reinforcer at the end of the
sequence filters down (into conditioned reinforcers) and so that
discriminative stimuli are developed for each behavior.

Theoretically then, backward chaining gives the learner two

[

advantages: (1) a2 conditioned reinforcer following each behaviocr

Hh

which shouid increase the probability of verforming the behavior
again in the future, and (2) a discriminative stimulus preceding
each behavior which should set the occasion for performing the

behavior in the Zuture. _

.

Eowever, this theoreticzl advantage is based on higher order
conditioning, a process that is noted for its weakness (Schwartz,
1984). Higher order conditioning is the process through which a
stimulus becomes a conditioned reinforcer by wvirtue of a
concingent relationship with another conditioned reinforcer. In
backward chaining, assuming the reinforcer for the final behavior

is a primary reinforcer, the conditioned reinforcexrs that follow
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the third last and earlier responses in the seguence gain their
reinforcing power through higher oxrderxr condiéioning. In cases
other than higher order conditioning, a stimulus becomes a
conditioned reinforcer by virtue of a contingent relationship
with an unconditioned reinforcer. & contingent relationship with
an unconditioned reinforcer is a more eifective means of
establishing a conditioned reinforcer than i1s a contingent
relatiopship with a conditioned reinforcer.

More recently, for applied reasons, whole task training has
been recommended as the procedure of choice for teaching retarded
persons behavioral seguences (Martin & Pear, 1988). Whole task
training has been recommended for this purpcse based on TWO Sets
of considerations: ease of teaching and ease of learning.

Bellamy, Eorner, and Inman (1¢7%) suggest that whole task
training requires ceachers to spend less time assembling and
disassembling when teaching assembly tasks andé it teaches
response topographyv and seguence simultaneously. In forxward
chaining, the teacher must disassemble the object following each
performance of a subsequence {(e.g., aiter parts 1 and 2 are
assembled in order then afﬁer parts 1, 2, and 3 are assembled in
order and so on). In backward chaining, the teacher mustc
assemble the object except for the final part, then disassembdle
the object. At the next step, the object must be assembled
except for the last two parts then disassembled and so on. Less

time is spent assembling and disassembling during whole task
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training because the learner attempts the entire seguence on each
trial.

Attempting the entire sequence on each trial also leads to
the second advantage, learning response topography and seguence
simultaneously. The second advantage seems less unigque to whnle
task training than does the first advantage because in forward
and backward chaining response topographyv (overall form of the
final behavior) and seguence (order of responses in the £final
behavior) are also learned simultanecously, although in smaller

subsections. Bellamy, Horner, and Inman (1878) also state that

whole task training should lead to faster learning because there

is less repetition and should therefore maximize the learner’s
independence earlv in training.

Empirical evidence from human learning research has not
supported the theoretical superiority of backward chaining but
has partially supported the recommendation of whole task
training. Empirical evidence has.also suggested that forward

chaining may have advantages over the othexr chaining procedures.

irical Bvidence Regarding Bcguisition bv Chaining

Studies comparing the three training procedures on the
number of errors made during acquisition have demonstrated that
forward chaining is often the better procedure. Weiss (1978)
taught university students sequences of six button presses by

forward and backward chaining and found that all subjects made
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fewer errors during forward chaining than during backward
chaining.

Watters (1989) compared all three training procedures
(forwafd, backward, and whole task) for teaching university
students sequences of five button presses on a computer kevboard
and found that subjects made more errors when taught by whole
task training than when raught by forward or backward training.
In a subsequent study (Watters, 19290) examining seguences of 8
and 10 button presses, subjects made the most errors during whole
task, and the fewest during forward training.

Studies examining acguisition time have provided some

support for the supericority of whole task training. Martin et

»

al. (1281) taught severely retarded individuals vocational

found that the tasks were mastered more guickly bv whole task
training. Spooner (1984) compared backward chaining ané whole
task training for teaching severely retarded persons assembly
tasks. The rate of learning was faster for wnole task craining
than for backward chaining. Similarly, Watters and Scott (in
press) found that sequences of button presses wére performed to
criterion more quickly bv university students when the segquences
were taught bv whole task training than when thev were taught bv

forward or backward chaining. Results related to acquisition

time support the recommendation of 3ellamy, Inman, ané Horner
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(1972) to use whole task training because it should lead to
faster learning.

Martin et al. (1981) also recommended the use of whole task
training for teaching retarded persons. They provided an
explanation for the fact that the superiority of backward
chaining had not been demonstrated in the case of human learning.
Thev state that a difference between the use of chaining in
studies of human and animal learning is the nature and use of
reinforcement.

In animal learning studies, where backward chaining has been
the procedure of choice, a single primary reinforcer is presented
after performance of the final response in the sequence. This
method of reinforcer delivery allows for the "filtering Go "'of
reinforcement strength that is important for the theoretical
superiority of backward chaining. By contrast, in human learning
studies of chaining, most of which are conducted in applied
settings with retarded versons, praise is generally used as a
reinforcer. Rather than one reinforcer being delivered at the
end of training, praise is delivered as various behaviors are
added to the sequence. They propose that this freguent use of
reinforcement (praise) throughout each of the chaining procedures
may account for the failure to find backward chaining the
superior procedure with human subjects in applied settings.

Experiments with human subjects by Watters and colleagues

have two characteristics that may account for the failure to f£ind
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backward chaining to be the superior procedure. The behaviors in
the sequences (button presses) are not very distinct which may
impede the development of discriminative stimuli. In backward
chaining, the stimulation produced by performing the responses
may become discriminative stimuli for subseguent behaviors. One
of the key recommendations for the effective establishment of
discriminative stimulil is the use of distinct stimuli (Marcin &
Pear, 1983, 1988). If the response produced stimulation fox esach
response is very similar, as is the case with button presses, the
development of this stimulation into discriminative stimuli is
likely to be very slow. The reinforcers used in the Watters
experiments (percent correct scores, proceeding to the nexc
subsequence) are relativelv weak and may impede the filcering
down effect expected in backward chainineg (Scott & wWatters,

19¢2). Again, it should be noted that the filtering down of

n

reinforcement strength in the theoretical model relies on higher

order conditioning which is not a particularly reliable means of

establishing conditioned stimuli, even with animals (Schwart

g

N

r

1984).

Other research on the acquisition of behavioral sequences
has investigated the effect of procedures overlaid on the
chaining procedures (e.g., time-out, prompts). lChartrand {19¢0)
examined the impact of 0, 3, 7, and 12 s time-out periods
following errors during the learning of an 8 button press

sequence by university students. When 7 s and 12 s time-outs
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were administered during whole task training, subjects made
significantly fewer errors and total responses. Scott (1990) &id
not find any significant impact on errors when examining
consequences for errors (auditory cues, visual cues, and time-
out) during learning a sequence of button presses. Prompts that
identified the correct button push after an error had been made
reduced the number of random errors (errors made before a correct
response had occurred) made during each training procedure.

The bulk of research comparihg chaining methods has examined
what can be referred to as acqguisition variables (e.g., errors
during learning, time to learn sequence, trials to criterion,
total responses during learning) and the influence of additional
procedures applied during training (e.g., varying conseguences
folliowing errors, prompts). Little research has investigated
what subjects. learn or can do following training and whether this
differs depending on the chaining procedure utilized during
training. The present research was motivated by an interest in
describing and explaining such post-acquisition differences and
in answering the more general guestion: What can subjects do
following learning by the various chaining procedures?

Post-Acauisition Performance Following Chaining Procedures

One means of addressing this question is to examine
retention following exposure to the chaining procedures. Watters
(in press) randomiy assigned university students to forward

chaining, backward chaining, and whole task training groups and
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taught them eight button press sequences on a computer kevboard.
During training, each button press was preceded by a particular
external stimulus (a2 symbol on the monitor screen). Subjects
were asked to repeat the sequence after a 20 minute delay with
the aid of the external antecedent stimuli that had been used
during acqguisition. Aafter the delay, virtually no errors were
made following anv of tﬁe chaining procedures. In a second
experiment, subjects were asked to regeat the sequence aiter a
delay of 5 davs. In this experiment, the group that had learned
the sequence by backward chaining made more errors than the other
two groups. Also, the forward chaining group tended to make more
errors near the end of the seguence and the backward chaining
group tended to make more errors near the beginning of the
sequence.

Nannay (1971) taught subjects to assemble a dado head and
place it on a radial arm saw. Two weeks following training,
subjects were asked to complete the task again. The forwardé and
backward chaining groups performed better on the retention testc
than did a no treatment contrel group. There was no difference
between the forward and backward chaining groups.

Wilcox (1974) taught college students two seguences, &
sequence of origami folds and a sequence of arithmetic operations
by forward, backward, and whole task training. Three lengths of
seguence (short, medium, and long) were examined. Subjects

learned the components of each task from a programmed instrucction
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book that presented the components individually. The retention
task involved performing the origami task and the arithmetic
operations to a criterion of one correct performance of the task
without the use of prom@ts from the programmed instruction book.
Retention was essessed one week later by measuring the time to
criterion, trials to criterion, and the numbex of prompts
received to criterion. Forward chaining led to sigmnificantly
better retention of the origami tasks. There was a trend for the.
beckward chaining group to perform better at retention on the
arithmetic sequences, though the comparisons with other chaining
procedures were not significant. Generally, then, forward
chaining and backward chaining led to superior retention than
whole task training.

Cornell (1975) used forward and backward chaining procedures
to teach second grade children to spell groups of 12 woxds.
Retention was measured four weeks later. No differences were
found between the chaining groups at the follow-up.

Nettelbeck and Kirby (1976) used (a) whole task training,
(b) a variation of forward chaining, (¢) a progressive part, and
(d) a pure part training procedure to teach mildly mentally
retarded workers to thread an industrial sewing machine. The
part training procedures were similar to chaining in that they
involved dividing the task into component responses, teaching
each component, and then chaining the components together. The

threading task was divided into 4 components. One month later,
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retention of the task was assessed by asking the workers :to
complete the threading task. Thefe were no significant
differences in retention among the treatment groups as measured
by the number of trials ﬁo criterion, number of errors to
crxiterion, and time to criterion.

Weber (1978) taught educable mentally retardéajédults te
assemble plastic gears and levers by either forward chaining orx
backward chaining. Retention of the tasks was assessed
approximately 20 hours after training by measuring the number of
steps that were performed correctly, in order, prior to making an
error. No difference was found between the two chaining
procedures.

Another means of investigating what is learned or can be
done following learning a behavior segquence b? 2 chaining
procedure is to look at what subjects can do following crainin
besides repeat the secquence. Thvedt, Zane, and Walls (1884} used
this strategy to evaluate two positions on how seguences are
learned. The positions are derived from Skinner’s (1838) Law of
Chaining which states that "the responses c¢f cne reflex may
constitute or produce the eliciting or discriminative stimulus of
another" (p. 32). The two positions Thvedt, Zane, ané wWalls
derived from this law were: (a) Position 1, that each response in
a behavioral sequence constitutes the discriminative stimulus for

the next response in the sequence, and (b) Position 2, that each

response produces the discriminative stimulus for the next
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response. A discriminative stimulus for a particular response is

an antecedent stimulus in the presence of which that response has
been reinforced.

Thvedt, Zane, and Walls (1984) used a combination of
modelling and whole task training to teach mentally retarded
adults a sequence of behaviors for assembling a circuit board.
The sequence involved placing six resistors on a circuit board
and pressing a switch after each had been placed. The switches
each illuminated a light located directly above them. The lights
remained on for one second. The seguance of behaviors and
stimuli was: place resistor 1, press switch 1, light 1
illuminates for 1 s; place resistor 2, press switch 2, light 2
illuminates for 1 s; and sc on. The sequence of behaviors was
random with respect to the location of the switches (i.e., the
sequence did not proceed from left to right along the row of
switches).

Following training to criterion, subjects’ periormance of
the sequence was tested under three conditions: altered stimulus
location, altered stimulus segquence, and missing stimulus. The
altered stimulus location condition involved one of the lights
being illuminated following a different switch press than had led
to-its illumination during training. The altered stimulus
‘sequence condition involved one of the lights being illuminated
following the placement of a resistor rather than the followiﬁg a

switch press, as had been the case during training. During the
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missing stimulus condition, one of the lights did not illuminace
following the usual switch press.

The authors suggested that, if a light (stimulus) was
illuminated in an altered stimulus location or stimulus sagueance,
and subjects continued to emit responses in the correct order,
this might support Position 1. Continuing to emit responses in
sequence order mayv imply that the responses constitute
discriminative stimuli for subsequent responses (Position 1) or
that some response produced stimulation constitutes the
discriminative stimuli for subsequent responses. Alternatively,
iﬁ_subjects emitted the response that had followed the out of
oxder stimulus in the original sequence, this would clearly
support Position 2.

The results did provide soms suppoxt £or the pcsition that
responses in a sequence produce stimuli that function as
discriminative stimuli for subseguent responses (Position 2). 1In
the altered stimulus condition, subjects continued to perform the
sequence in correct order as if the secuence had not been
Vdisrupted. In the missing stimulus condition, only about half of
subjects continged to perform the sequence in the correctc ordexr.

This study is of inﬁerest here because it investigated
performance following chaining and because it suggests a means of
investigating such performance (i.e., the administration of
various tests following acquisition). However, it is imperfect

in two regards. A pure chaining procedure was not useéd to teach
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the sequence, and only one procedure foxr teaching a seguence was
examined. A stronger test of the theoretical positions
underlyving chaining would have been to teach segquences by each of
the three chaining procedures, without the aid of modglling, and
then test performance. More information about both positions

ound comparing all three tvpes of chaining.

th

should be
Investigating all three chaining procedures would allow for
examination cf differences in performance across types of tests
as well as across tvpes of traiﬁing.

Aside from the Watters (in press) study of retention, little
research has systematically investigated whether, given the
characteristic differences among the three chaining procedures
during acguisition, the procedures produce differences in
§erformance at the end of training. One clear pattern that
emerges from empirical research on the acguisition of behavioral
chains is that forward chaining leéds to fewer errors than the
other procedures whereas wnole task training leads to briefer
écquisition time. It seems reasonable to expect that tests of
various kinds of post-acguisition performance would vield
differences depending upon training procedure. For example, if a
training procedure produces more errors than another procedure
during acquigition, this difference might be reflected in some
measure of post-acquisition performance.

The research on retention of behavioral sequences and post-

acquisition performance has not provided a consistent picture of
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post-acquisition performances fellowing chaining procedures.
Researchers have seldom compared all three chaining procedures
and the method of assessing post-acquisition periormance has been

variable. Some studies have required subjects tc relearn the
sequence to criterion with the aid of discriminative stinuli used
during training whereas others have required subjects tc periorm
the sequence without the aicd of discriminative stimuli used
during training. Performance has been assessed by measuring tinme
to criterion, trials to criterion, and number of correct

responses prior to an erxor.

Research Rationzle

Given that research has revealed clear difierences among
chaining procedures on acguisiticn variables, it,was hyvpothesized
that there would be differences in performance following learning
by the various chaining procedures. There are a number of
behaviors that might be learned through exposure T¢ chaining
procedures. Thesz behaviors include: (a) performing one response
followed bv another, in correct order, without the external
antecedent stimuli, (b) ordering the antecedent external scimuli,

and, (c) performing a correct response following the presentation.

of a particular antecedent external stimulus. The extent to
which each of these behaviors can be performed following training
will have both theoretical and practical implications. In the

present series of six experiments, three tfests were administered
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following chaining in order to assess differences in post-
acquisition performance of these behaviors.

Test 1 assessed the first type of behavior; performing one
response followed by another, in the absence of the external
antecedent stimuli. Test 1 reguired that subjects perfcorm the
secuence that they had just learned, but in the absence of the
antecedent external stimuli. In theorecical terms, if cthe
subject can perform the seguence under these conditions, response
produced stimulation appears to constitute the discriminative
stimalus for the next behavior. That is, stimulation produced by
the performance of response 1 becomes the discriminative stimulus
for response 2, stimulation produced by the performance of

-~

response 2 becomes the discriminative stimulus Ior response 3 anc
so on. The performance of this behavior following training would
support the position that each response in a behavioral seguence
produces proprioceptive stimulation that constitutes the
discriminative stimulus for the next response in the sequence.

Tt would also support the notion that other stimuli derived Zrom
performing the behavior (e.g., the sight of performing the
behavior) may become discriminative stimuli.

In practical terms, performance of a sequence without the
aid of external discriminative stimuli that were present during
training will be desirable for soﬁe tvpes of behaviors. Imagine
"an actor rehearsing a long soliloguy (2 behavioral sequence) bv

using a series of flash cards (external discriminative stimuli),
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on each of which is printed small segments of the speech. Two
aspects of the sequence will be important once it has been
acquired: the order in which the segments are performed and the
conditions under which thev are performed. The segments cf the
speech must be perforﬁed in the correct order and in the absence
of the external discriminative stimuli (£flash cards) used during
rehearsals. These aspects of post-acguisition periormance are
assessed by Test 1.

2 number of other characteristics of the performance of a
sequence in the absence of external discriminative stimuli would
be of interest: How accurately does a subject perform this
behavior following training? How guicklyv does a subject periorm
this behavior following training? Eow many correct responses
does a subject perform before making an error? What is the
longest series of consecutive correct respenses that a subject
performs following training? Where in the sequence does this
series begin? Where in the sequence are errors made? These
characteristics were measured in the present experiments.

Test 2 assessed the second behavior; ordering antecedant
external stimuli. For this test, subjects were instructed to
arrange the antecedent external stimuli in the order in which
they had occurred in the seguence. The characteristics of this
behavior that were measured in the present series of experiments
were accuracy (identification of the sequence position of each

stimulus) and stimulus-stimulus pairs (identification of pairs of
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stimuli that had followed one another in the segquence). From a
theoretical perspective, accurate performance on Test 2 would
suggest that the contingent relationship between the external
discriminative stimuli had been learned and that they were
salienﬁ at the end of training.

One reason for designing Test 2 was that, following the
acgquisition of some tvpes of behavioral sequences in applied
settings, it mav be desirable that subjects are able to order the
antecedent external stimuli. Imagine teaching a friend the
behavioral sequence required to f£ind a particuliar address. This
sequence will consist of a series of discriminative stimuii -

(e.g., the corner with the grocery store on it, the street sign

that sayvs "Wilbrod")} that set the occasion for particular

responses {(e.g., continuing for one block, turning right).
Following acquisition, it may be desirable that the subject is
able to order the antecedent stimuli to facilitate their own
performance on future occasions or to communicate the directions
to others.

Test 3 assessed the third behavior; performing the correct
responses following the presentation of antecedent external
stimuli that had been used during training, when the antecedent
stimuli are presented in a different orxder than during training.
From a theoretical perspective, if the correct responses a}e made

following the presentation of the antecedent external stimuli,

then these stimuli appear to play an important controlling role

«
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for the responses. For Test 3, the antecedent external stimuli
used during training were presented out of order and subjects
were instructed to perform the component responses of the
sequence in response to the antecedent external stimuli.
Subjects’ performance of this behavior was measured in terms ol
accuracy, speed, and sequence locaticn of syvmbols on which exrrors
were made.

an example of the tvpe of p:actical situation in which Test
3 may be of interest is that of a student studving for an
arithmetic test on the multiplication tables. Even though durin
training the tables will be run through in an orxderly way bv
incrementing on of the two factors being multiplied, the stucent
will wish to learn to respond correctly to the guestions
(discriminative stimuli), in whatever order they are presented
subsegquently.

It is likelv that subjects learn some combination of th
three behaviors that the Tests were designed TO &ssess when
exposed to each of the training procedures but that particular
training procedures will lead to better lezrning of some
behaviors than will other training procedures. What subjects
learn may also depend on the stage of training. For example, the
‘stimuli controlling performance of the sequence may change
depending upon how much a subject has practiced the sequence, as
well as the procedure that was used to teach the seguence. The

stimuli controlling behavior may shift as training progresses.
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Tor example, early in training, antecedent external stimuli may
play an important controlling role. Later in training,
stimulation produced by the performance of the responses
themselves may play an important controlling role.
as well as being of theoretical interest, what is learned
during each chaining procedure is of practical interest.’
Although the three procedures for teaching sequences of behavier
are usually treated as three means of achieving the same goal
(i.e., teachin§ a subject to perform a seguence in the correct
order), this does not mean that they are similar when subjected
to a more detailed analysis. & more detailed analysis of how
each procedure works mav reveal differences among them. Looking
in more detail at what subjects can éo following exposure to each
procedure has practical implications. One procedure may be
better for learning something in particular about the seguence.
For example, one training procedure may lead to hetter
performance of component responses following antecedent external
stimuli when the stimulil are presented out of'sequence order.
Such a training procedure would allow subjects to adapt more
easily to subsequent changes in the desired order of the
component behaviors. 2 training procedure that allowed subjects
to adapt more easily to changes in the desired order of component
behaviors would be useful for teaching behaviors like pressing
piano keys in response to sheet music or spelling words in

response to spoken words.
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Chaining has been used to teach a wide variety of behaviors.
Depending on the behavior taught, the desirable post-acguisition
performance may vary. Behaviors like assembly tasks (e.g.,
assembly of radial saw parts, gears and levers, telephone
operator headset, bicyvcle turn signal, circuit board) consist of
responses that must be performed in a particular order for the
end product to be functional. Similarly, tasks such as threading
a sewing machine, dressing, washing, origami, landing an air
craft, consist of seguences of responses that must be performed
in a particular order, or at least with little variation in this
order. For tﬁese tvpes of behaviors, in which the ordering of
the responses in the segquence is relatively fixed, performance oI
the whole sequence in order, without the aid of instructions ox
prompts (antecedent external stimuli) that might have been used
during learning, would likelwv be most desirable post-acguisition
behavior.

There are other tvpes of behaviors, however, for which
performance of the whole seguence in order may not be the most
desirable or the only desirable post-acquisition performance.
Task such as solving series of multiplication table problems, .
spelling series of words, and pressing piano kevs in response to
written musical notes do not have fixed orders. The
multiplication problems can be solved in anv order, the words can
be presented in any order, and the order of the piano kev presses

will depend on the tune. For behaviors such as these, it may be
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equally desirable or even more desirable that the subject be able
to perform the seguence in some other order than the learning
order.

Despite the fact that the nature of the desired post-
acquisition performance likely differs as a function of the task
taught, those studies of chaining that have included a follow-up
have tvpically emploved one measure of post-acquisition
performance across tasks and chaining procedures (Cornell, 1575;
Nannay, 1971; Nettelbeck & Kirby, 1976; Watters, in press; Weber,
1978; Wilcox, 1974).

The following series of six experiments were an
investigation of post-acquisition differences following exposure
to various chaining procedures. The experiments examined
differences among chaining procedures on the three types of post-
acquisition behaviors, using the three tests describéd above.
Subjects were taught seguences of key presses on & computer
keyboard. The stimulus-response segquences consisted of a series
of external stimuli presented on the monitor, one at a time
{e.g., *, @) each followed bv & particular keyv press.

Experiments 1, 2, and 3 examined post-acguisition
performancé following forward chaining, backward chairing, and
whole task training. Experiments 1 and 2 investigated
differences in the performance of one response followed by
another in the absence of antecedent external stimuli (Test 1)

and the ordering of antecedent external stimuli (Test 2).
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Experiment 3 used Test 3 to explore differences in the
performance of responses following presentation of the antecedent
external stimuli in an order other than that used during
acgquisition.

_ Experiments 4, 5, and 6 explored post-acguisition
performance following forward, backward, and random chaining.
Random chaining involves adding randomly selected component
responses during training rather than systematically adding
adjacent component responses as is the case for forward and
backward chaining. The randomly chosen responsés are orcered
during training in the order in which they appear in the final
sequence. For example, the subject might be taught response 4;
then reéponse 1 followed bv response 4; then response 1 followed
bv reéﬁonse 4 followed by response 8 and soO on.

Experiment 4 used Test 3 to examine performance following
forward, random, and backward chaining. Test 3 was also used in
Experiment 5, where post-acqguisition performance was examined at
two levels of proficiency criteria. Proficiency criteria
referred to the number of consecutive correct performances of the
sequence required to end training. For forward, backward, and
random chaining the proficiency criterion also applied to the
number of consecutive correct performances of each subseguence
that was required before another response was added to the
subsequence. Experiment 6 examined performance on all three

tests folléwing forward, backward, and random chaining.
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The series of experiments was undertaken from a radical

behavioral perspective which places an emphasis on the prediction
an& control of behavior through the application of experimentally
derived principles of operant conditioning. In keeping with this
perspective, the results of the experiments are described with
reference only to those behaviors that were observed to change
and not with reference to hypothetical intervening processeé that
right, in other perspectives, be seen as explanations of the
Iobserved behavior changes. The experiments are controlled
laboratory experiments. Ross (1985), in his presidential address
co the association for the aAdvancement of Behavior Therapy,
argued that there was a need to enhance both the theoretical and
empirical soundness of behavior therapy technigues by returning
. to the laboratory. By this he meant that laboratory reseaxch
should not be carried out in a clinical vacuum and that clinical
research should not be carried out in isoclation from laboratory
derived principles. The purpose of returning to the laboratory
for these experiments was to use a systematic and controlled
experimental method to discover the lawful nature of post-
acquisition performance following chaining procedures, as applied

investigations had not vet produced consistent results.
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Experiment 1
The purpose of Experiment 1 was to explore performance
differences following forward chaining, backward chaining, and
whole task training, using two tvpes of post—acquisition tests.
The tests were administered following training to criterion.
Test 1 assessed whether subjects could perform the sequence o:f
button pushes in the absence of the antecedent external stimuli
provided during training. Test 2 assessed whether subjects could
order the antecedent external stimuli when the symbols were
presented in a mixed up order.
Based on the reasoning presented below, it was hypothesiéed
-that there would be post-acguisition periormance differences and
that forward chaining would lead to superior post-acguisition

performance. More specifically, it was hypothesized tha

1

subjects would perform the sequence of button pushes more
accurately and more guickly in the absence of antecedent stimuli
{Test 1) following forward chaining than following backward
chaining or whole task training. It was also hyvpocthesized that
subjects would order the antecedent external stimuli more
accurately (Test 2) following forward chaining than folliowing
backward chaining or whole task training.

It was hvpothesized that forward Ehaining would lead to
superior §erformance on Test 1 because, during training by
forward chaining, additional responses were added at the end of

each subsequence until the complete sequence was performed to
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criterion. The performance of each response in forward chaining
should therefore become a reliable discriminative stimulus for
the next response, thereby facilitating Test 1 performance.
During backward chaining, additional responses were added at thel
beginning of the subsequence, making the screen symbols moxe
reliable discriminative stimuli than the chaining sequence of
responses themselves. Whole task training was hypothesized to
lead to poorer performance because research on acgquisition
variables suggested that it led to more errors during
acquisition. The relative roles of the responses and the screen
svmbols as discriminative stimuli during whole task training are
not as clear as for forward and backward chaining. However; ic
was assumed that the high number of errors made during
acguisition by whole task training might indicate slow
development of effective stimulus control. The hypotheses
regarding Test 2 performznce were exploratory and based on the
assumption that forward chaining would lead to the most
repetitive experience of the ordering of the external antecedent
stimuli.
Method
Subiects
Eighteen volunteers (17 females, 1 male}, from an
undergraduate psychology class served as subjects. The average

age of subjects was 24.2 vears (SD = 7.1, range 19 - 44).
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Apvparatus
The subject sat at a table, on the edge of which sat a
standard Commodore 64 keyboard. Behind the kevboard was a 14
inch (36 cm) diagonal Commodore video monitor (model 1802a). &

Commodore 64 computer counted the number of exrors ac each scep
of training, recorded which kevs were pressed and when during the
post-acguisition test, and timed the duration oI training and
test periods. This information was printed by a Commodore
printer (model MP3803) after each subject had completed the post-
acguisition test. A cardboard screen was placed over the
kevboard, exposing only those ten kevs the subject was reguired
to use for each sequence (kevs R, T, ¥, U, I, ¥, G, #, J, X).
These ten keys were covered with masking tape so that subjects
could not see any of the letters or symbols on them.
Procedure

Subjects were run individvally. Once the subjéct was seated

in front of the computer monitor, instructions Zfor the experimen

ct

were read aloud. The instructions explained that the subject

would be learning three different sequences ¢f ten button pushes,
each button push preceded by 2 unigue screen svmbol, and that the
computer would produce a "zit" sound when they pressed the wrong
button (see 2ppendix 2 for complete instructions). Subjects were
asked to read and sign an informed consent form before proceedin

with the experiment (2ppendix B).
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The experimenter sat in an adjoining room while the subject
was learning a sequence. Before the experimenter leit the
subject in the laboratory, she turned off the overhead lights,
leaving a small lamp on in the corner of the room and started the
computer program.

The procedure for teaching the sequences involved the
presentation of svmbols (e.g., *, :, +), one at a time, on the
monitor screen to cue the subject to press buttons. Each svmbol
was associated with a particular button. If the subject pressed
the cérrecc button when a svmbol appeared, the svmbol would
disappear, and the next svmbol would be presented. If the
subject pressed an incorrect button, the computer made a vzit"
sound and the symbol remained on the screen until the correct
response was made. When a subject completed a subseguence, the
computer produced a "boing" sound and the percent coxrect score
appeared on the monitor screen. The score then disappeared, and
the computer produced a "boing" sound prior to presenting the
first symbol .0f the next subsequence. During forward chaining,
the first svmbol presented was the first one of the sequence.
During backward chaining, the first symbol presented was the last
one of the sequence.

Each subject learﬁed three sequences, one each by forward
chaining, backward chaining, and whole task training. Each
subject learned the same three seguences. The three seguences

used the same ten keys in a different order and each involved
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different screen symbols. The criterion to end training ﬁaS‘
three consecutive correct performances ¢©f the ten button press
sequence. For forward and backward chaining, three consecutive
correct performances of each subsequence was required belore
another kev was added to the subsegquence. For example, in
forward chaining the subject was regquired Lo respond correctly to
the subsecuence consisting of the first syvmbol on three
consecutive presentations before the computer initiated training
of the subsegquence consisting of the first syvmbol followed by the
second svmbol. After the performance of each subseguence ox
sequence, the percent correct was displaved on the screen. T¢
control for order effects, the presentation ofder 0f the training

- "

procedures was counterbalanced such that three subjects lea

A
®
0,

the ‘secuences by each of the six possible orders.

When the subject had periormed a seqguence to critericn, Tes:t
1 was administered by the computer. The experimenter &id not
return to the laboratorv to give instructions for Test 1. The

- -

and the computer produced the usutal

o

moniteor screen went blan
"*boing" sound to signal to the subject to perform the sscuence
again. The subject was then reguired to complete the seguence
they had just learmed without the presence of the screen scimuli.
During this test, if the subject made an error the computer made
the "zit®" sound and waited for the correct response jusﬁ as it

had during training. When Test 1 was completed, the computer

displaygg the message “Please tell the experimenter vou are
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finished" and the printer began printing the data. The
experimenter returned to the laboratory and chatted with the
subject uvacil the printing was complete, restarted the program.
for the teaching of the second sequence, and left the laboratory.
The same procedure was followed when the printer began orinting
the data following Test 1 for the second sequence. Following
Test 1 for the third sequence, the experimenter returned to the
laboratorv and administered Test 2 (Appendix C). Test 2
presented the screen stimuli used in the Ifinal sequence in a
mixed up order on a sheet of paper. The subject was requested to
number the svmbols so that the numbers represented the order in
which the svmbols had appesared in the final seguence. No
feedback recarding accuracy was given to the subject during Test
2.

Variables ané Design

The independent within subjects variable was trainin
procedure (forward chaining, backward chaining, whole task
training). Subjects completed Test 2 following the last sequence
onlv so that six subjects completed'Test 2 following each

training procedure, hence Test 2 performance was a between

subjects comparison.
Test 1 variables.. Dependent varizbles related to Test 1
were percent correct, consecutive correct responses, completion

time, and location of Test 1 errors.
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Ten Keyv presses were necessary to complete Test 1 correctly

i.e., consecutively pressing kevs 1 to 10). The percent correct

on Test 1 was calculated as follows: (10/totzl responses) * 100.

Completion time was measured from a subject’s first key press on

Test 1 to a subject’s last key press on Test 1.
Consecutive correct responses were examined using thres

variables. The number of correct responses orior to the first

error on Test 1 referred to the number of correct responses made

prior to the first error. The loncest series of correct

responses on Test 1 was number of consecutive COrrect responses

in the longest series of such responses. The seguence vosition

of the first response in the loncgest series of correct resovonses

referred to the original seguence position of the response.

l:’

or
example, if a subject made the folliowing keyrpresses on Test 1: 1
-2-3~-4-6-8-5-1-6-797=-8=-58-10; the largest
number of consecutive correct responses was 5 (respocnses & te 10)
and the sequence position of the first response of the largest
number of correct responses was 6. In cases where a subject made
two equallyv long series of correct responses, the segquence |
position was the mean of the segquence positions o0f the first

response in each series.

The location of errors on Test 1 was calculated in two

steps. For each response in the secquence the number of errors
made prior to the first correct response was counted. Then these

-

errors were summed for the first 5 responses and for the last 5



P

Sequenced Behavior
35
responses in the sequence to provide a measure of errors made at
the beginning and at the end of the sequence, respectively.

Test 2 variables. The dependent variables related to Test 2

were percent correct, correct pairs, and reverse ﬁairs. In order
to determine percent coxrect, Test 2 was marked as follows: if a
subject correctly identified the sequence position of a symbol
(e.g., responded that the 3rd syvmbol had been 3rd in the

sequence), the response was considered correct. This method of

marking Test 2 provided only an index of whether subjects could

identify the exact seguence location of each symbol taken
individually.

For this reason, the test was alsc checked for two types of
pairs: correct pairs and reverse pairs. For example, assume that
a subject completed a Test 2 after learning a seguence consisting
of 6 svmbols and responses and, on Test 2, responded that the
first svmbol had been 3rd, the second symbol 4th, the third
symbol Sth, the fourth symbol 6th, the fifth symbol 1ist, and the
sixth symbol 2nd. The test would have been scored as containing
4 correct pairs (3-4, 4-5, 5-6, and 1-2) and 1 reverse pair (5-
4}).

This méfhod of marking Test 2 allowed for aésessment of
whether subjects could identify whether pairs of symbols had been
adjacent in the seguence even if they could not identify the

actual sequence position of the symbols. For example, a subject
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might report that a "*" had Zollowed a *“>" without reporting that
these symbols were the 4th and 5th symbols in the sequence.

Acquisgition variables. Dependent variables measured during

acquisition were total errors, true errors, total responses, and
learning time. True errors were erroxrs made in response to a

symbol to which the subject had already resbonded correctly.

Total errors were the sum of true errors and errors made in
response to a symbol to which the subject had not vetr made a
correct response. Total responses were defined as the number of

responses, including errors, that were made during acguisition of

the sequence. Learning time was measured from the presentation
of the first screen svmbol to the last button press at the ené of
the criterion performance that ended acguisition.

Data analvses

Data analvses were performed using the Statistical Package
for Social Science (SPSS*). Descriptive statistics were
calculated for each variable. Two repeated measures multivariate
analyses of variance (MANOVAs) were used to examine overall
difference among the chaining procedures on two sets of
variables: (a) Test 1 variables (percent correct, correct
responses prior to the £irst error, longest series of correct
responses, sequence position of first response in the longest
series of correct responses, and completion time) and (L)
acquisition variables (total error, true errors, total responses,

learning time). When a repeated measures MANOVZ reached

LA
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multivariate significance, post hoc dependent pairs t-tests were
performed to examine differences between chaining procedures on
variables that reached univariate significance. In this and all
subsecuent experiments, the Bonferroni procedure was used to |
adjust the alpha level (.05) for the multiple ;—tests when
reporting the results. 32 repeated measures ANOVA was used Lo
examine overall é&ifferences among the chaining procedures on the
location of errors on Test 1 (beginning and end).

For between groups efiects (i}e., Test 2 variables), a
MANOVA was performed. Providing the MANOVA reached multivariate
significance, one-way ANOVAs and the Student Newman Xeuls
procedure for multiple paired comparisons (with alpha protection)
were used to follow-up variables that reached univariate
significance on the MANOVA. Pillais trace was used as a
conservative test of multivariate significance for all MANOVAs,
including the repeated measures MANOVis.

Exact probabilities for all inferential statistics are
reported in Zppendix D. Two-tailed significance levels are
reported for the t-tests. Only significant results are reported.
Znv comparisons not reported did not reach significance.

Results

Test 1: Performance af the Secuence in the 2hsence of the Svmbols

— —

Descriptive statistics for Test 1 variables are presented in
Table 1. A repeated measures MANOVA for the five Test 1

variables did not reach multivariate significance. For
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descriptive purposes, means for the dependent variable are
reported below.

Percent correct. Mean percent coxrect for forward,
backward, ané whole task training were 95.0%, %94.5%, and 82.3%,
respectively.

Consecutive correct responses. The meén number of correct
responses made prior to the first error on Test for forward,
backward, and whole task training were 8.2, 7.2, and 7.8,
respectively. For the longest series of correct responses, the
means for forward, backward, and whole task training were §.0,
8.1, and 8.1, respectively. The mean seguence location of the
first response in the longest serxies of correct responses on Test

for forward, backward, and whole task training were 1.5, 1.4,
and 1.8, respectively.

Completion time. Figure 1 shows mean Test 1 complecion

times for the three training procedures. The mean completion
times for Test 1 following forward, backward, and whole task
training were 8.1 s, 15.1 s, and 21.¢ s, respectively. These
means did rank as hvpothesized, and, although the multivariate
test of significance was nonsignificant, the univariate test for
completion time did reach significance (E[2, 34] = 3.8, p < .05).
Follow-up dependent pairs t-tests revealed tha:t whole task
training (M = 2179 s; £[17] = -2.6, p < .05) led to significantlwy
longer Test 1 completion times than did forward chaining (M = 8.1 °

s).
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Location of errors. Descriptive statistics for location of
Test 1 errors are presented in Table 2. A 2 (Location, beginning
or end) X 3 (Training Procedure) repeated measures ANOVA did not
reveal any significant effects. The mean number of errors made
at the begiﬁning of Test 1 following forward, backward, and whole
task training were 0.4, 0.3, and 2.1, respectively. The means
for erxrors made at the end of Test 1 following forward, backward,
and whole task training were 0.2, 0.5, and 1.8, respectively.
Test 2: Orderinag of the Svmbols

Descriptive statistics for Test 2 variables are presented in
Table 3. Comparisons among the training procedures on Test 2
variables are between groups comparisons. Six subjects completed
a Test 2 following each craining procedure. A MANOVAZ performed
on the three Test 2 variables (percent correct, correct pairs,
and reverse pairs) did not reach significance.

Percent correct. The mean percent correct on Test 2 for

forward, backward, and whole task training were 58.3%, 56.7%, and
38.3%, respectively.

Pairs. The mean number of correct pairs for forward,

backward, and whole task training were 4.3, 4.5, and 4.0,
respectively. The mean number of reverse pairs for forward,
backward, and whole task training were 1.0, 0.8, and 0.5,

respectively.
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Acguisition Variables

Acquisition variables were not the primary focus of the

experiment. For this reason, the results for acguisition

1variables are presented in less detail here. Descriptive
statistics‘for acquisition variables can ke found in Table‘é.

A MANOVA performed on the four acguisition variables was
significant (Eié, 10] = 47.8, » < .00L). Ali four acquisition
variables reached univariate significance. |

Figﬂre 2 shows the effect of training procedure on mean
total errors during acquisition (F[2, 34] = 26.5, p < .001).
Fewer total errors were made during forward chaining than during
whole task training (£[l7] = -5.7, » < .05). Fewer total exrors
were made during backward chaining than during whole task
training (£[i7] = -4.8, » < .05).

Figure 3 shows the effect of training procedure on mean True

errors (F[2, 34] = 22.3, » < .001). Dependent pairs t-tests

than during whole task training (£[17] = -5.2, p < .05).
Significantly fewer true errors were made during backward
chaining than during whole task training (£ll7] = -4.4, »n < .035).
Figure 4 shows the mean total responses during acgquisition
for the three training procedures. Training procedure had a
significant effect on total responses during acguisition (F[2,
34] = 4.7, p < .05). Follow-up dependent pairs t-tests revealed

that both backward chaining (£[17] = 3.4, p < .05) and whole task
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training (£[l1l7] = 2.6, p < .05) led to more responses during
learning than did forward chaining.

Figure 5 shows the mean learning time for each training
procedure. Training procedure had & significant effect on
learning time (£[2, 34] = 3.4, D < .05). Subjects took
significantly less time to learn a sequence bv for&af& chaining
than by backward chaining (£[17] = -3.0, » < .035).

Discussion

Only one dependent variable indicative of whether subjects
could perform the seguence of button presses in the absence of
antecedent external stimuli (completion time for Test 1) was by
training procedure. Subjects completed Test 1 more quickly
following forward chaining than following backwaxrd chaining or
whole task training. This provides tentative support for the
hypothesis that subjects would perform the sequence of button
pushes more quickly in the absence of antecedent stimuli
foliowing forward chaining than following backward chaining or
whole task training. This tentative evidence supports the
theoretical position that, during forward chaining, response
produced stimulation becomes a more reliable source of
discriminative stimuli than it does during the other two training
procedures.

Examination of the other Test 1 variables, all of which were
directly related to the number of errors made on Test 1, suggest

that the test may have been too easy to produce differences in
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performance. The average percent correct scores for all three
training procedures were high (>80%). Alternatively, the
behaviors required by the tests may have been fully trained by
the time the tests were presented.

The results for Test 2 variables did not provide support for
the hypothesis that subjects would order the antecedent excefnal
stimuli more accuratelv following forward chaining than following
backward chaining or whole task training. However, as only six
_subjects completed a Test 2 after each training procedure, the

power to detect differences was low.
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Experiment 2

The purpose of Experiment 2 was to continue the
investigation of differences in post-acquisition performance
_ following exposure to the three different training procedures.
Three procedural changes were made to facilitate this_goal. The
sample size was increased to 24, Test 2 was administered after
each sequence rather than after the final sequence only, and the

riterion to end training was reduced to 5ne correct pexiormance
of each subsequence or segquence. The last change was made in
order to increase the number of errors, therebv allowing for a
clearer pattern of differences to emerge between training
procedures.

It was hnpothesized that subjects would perform the segquence
of button pushes more quickly and accurately in the absence of
antecedent external stimuli following forward chaining than
following backward chaining or whole task training. The
rationale for these hvpotheses was the same as that for
Experiment 1 hypotheses. In addition, Experiment 1 findings
provided tentative support £for the hvpothesis that subjects would
complete Test 1 faster following forward chaining than following
backward chaining or whole task training.

It was also hypothesized that subjects would order the
screen symbols more accurately f£ollowing forward chaining and
backward chaining than following whole.task training. This

hypothesis was based on the ranking of the means for percent



Sequenced 3ehavior

o

4
correct on Test 2 in Experiment 1. 2altho