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Abstract

The Incremental Repeated Acquisition (IR@oceduraequires garticipant to learn to
produce anewsequence of responsegchsession The current work makes two novel contributions
to the small body of literature desdrf the use of an IRA procedure in humans. Firstrivethods
of chain development; Forward abdckward ©aining are compared. Second, this is the first time
an attempt has been made to obtain more than a single IRA measurement with children. The study
also provides an expansion of previous work regarding the association between 1Q, age and
performance on a Backward Chaining IRA task by including younger participants (2.5 to 7 years) and
a measure of executive function, the Dimensional Change CardaSlort t

Previous research has indicated the performance on the Backward Chaining IRA task
improves with age and increases in 1Q. This study found that performance on both Forward and
Backward Chaining IRA improved with age but not with 1Q. The potemtipbrtance of various
procedural differences between this and previous work is discussed. A-sutactts comparison of
the Forward and Backward Chaining IRA indicated participants performed better on the Forward

Chaining IRA Task.
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INCREMENTAL REPEATED ACQUISITION IN CHILDREN 1

Chapter 1 Literature Review
Examning how chain type might influend¢be association with measures of executive function.
Learning has received a great deal of attention in psychological literature and a variety of
definitions exist Here the dehition of learning by Newland an@eile (1999) or Sidman (1960) was
the primary basis for further discussione ar ni ng was defined fAas the cf
steadyst at e to another in responsed&Reled9;m3@)ge i n
This definition allows the behavioral scientist to treat learning as a phenomenon that can be
reproduced and studiedlany laboratory tasks aimed at assessing learning only capture initial
learning oncewhen the participant encounters greblem the first time Repeated exposure to the
task may test memory or proficiency but not the special learning that occurs during the first time an
individual encounters the taskEven when behavioral transitions are arranged to occur repeatedly the
apparent improvement in learning may in fact be the extinction of extraneous behaviors (Newland &
Reile, 1999) This possibility enphasizes the need for a steatiyte behavior in order to accurately
examine learning processes
One solution to the prohie of learning that meets these criteria is the Incremental Repeated

Acquidtion (IRA) task The taskis uniquely suited to address learning as stestalfe behavior
because it allows thevestigatorto repeatedly examine the learning process as it ogttine same
individual. The IRA procedure is named based on a description of the task; the task provides an
opportunity torepeatedlymeasure thacquisitionof a new behavioral chain during the Learning
condition(when a new sequence is introduced iohesession) The behavioral chain is established

incrementallyover a session using either forward chaining method@sore traditionally backward
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chaining methodé&Bailey, Johnson & Newland, 2010)RA wasdeveloped by experimental
psychologists in t animal laboratgrto test learningising operant methodgveinberger & Killam,
1978) The IRA procedure requires an animal, or human participant, to learn to produce a sequence
of responses, a behavioral chain, during a session

Although there are marprocedural variations possible with th®A task a typical
arrangement used with humansacquire a chain, designateeBAC, is describedas anillustration
Eitherforward orbackward chainingnethods can be uséaestablish aesponse chainin forward
chainingeach new response is added to the end of the sexjuBime individual is first required to
emit a singl e r espon s.eThisiiAhe firft m$pbnsevingHinal behaviaralr e i nf o
chainA-B-C. When criteria arenet, for exarple three consecutive correct responses, a second
response fiBd0 i's noWwheddedi vbdubhbk ®Begtherdnower easpo
reinforcer is availableAfter criteriaiareagai n met a third response fACO
theindiv d u a l must mBe&w riens parderii A o. lacoctrasgtbackwatde r ei nf
chaining begins with the final response in the sequerBeCAand adds responses to the beginning of
thechainl n t his met hod fACO0 i.®ftefcatéribh arevneetthechayn r ei nf or c e
incremenCas iandf ¢ilBl owe dFibrya l¥BeGionifiAsr d e@rhd mtwed by r e

Thecurrent investigatioexaminst he corr el ati on between chil dr
task including a forward chainingariation,and 1Q scores as measured by the Wechsler liRvekc
Primary Intelligence ScaleTwo previous studies haveentifieda significant positiveorrelation
(Paule, Chelonis, Buffalo, Blake & Casey, 18®aldwin et al., 2012with the backward chaing
variation of the taskin additionanother measuref executive function, and perseveration, will be
usedin aneffort toidentify other potential correlates of IRA performanddis review will first

briefly examine théRA task as conceptualized the animal laboratorgnd developed from the
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repeated acquisition tasK his will be followed by an examination of how the IRA procedure has
been used in human populaticarsd how the various aspects of chaining affect the procedinen
thepossibldink between IRA and 1Q first described by Paule and colleagues (1989; 1999) will be
examined
Early Development in the Animal Lab

Evolution of Repeated Acquisition

Incremental Repeated Acquisition (IRA) is a modification of the Repeated Acquisisibn t
developed by Boren (1963) and Boren and Devine (1088)nberger& Killiam, 1978). The IRA
variationincluded elements from two other acquisition tasks (Pieper,; I3 it@npson, 1970) and
was first described by Weinberger and Killam (197Bdth Re@ated Acquisition and Incremental
Repeated Acquisition hayeeen widely used in the characterization of drugs and environmental
contaminants The task allow for the use of steadstate research methottsexamine behavioral
change iran individual animbover time Theevolution of the procedure depicted in Tablé&1 and
procedural variations used with animate depicted in Tabla2 (These tables are located in
Appendix A). Detailed descriptions of severaitical studies are available AppendixC Part 1
page 102

The principal modification of the repeated acquisition task, making it the IRA task of today,
occurredint he | ate 700s with studies that incremente
session (Piper, 1976; Weinberger antlafn, 1978. This differed fromBor enés me& hod ( Bo
Devine, 1968) of developgna chain across sessions usshgping and establishing a higixed
Ratio (FR) reinforcement schedul&his meant every session the animal started with a short chain
thatincreased with accurate respond{¢ consecutive errorless chains were required to advance the

chain) The original IRA procedure (Weinberg&rKillam, 1978) varies significantly from the
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critical procedural elements that have become associated witRAhgrocedure For instance
Weinberger and Killandid not use a performance or learningngmnent described laterin addition
although Weinberger and Killam (1978) used backward aingithey started animals at a twieain
link and incremented thehain across sessions within a day (up to seven 15 minutes sessions in a
day) By using an incrementing chain without explicit shaping procedM&aberger and Killam
(1978) combined theevo most important procedural changes from Thompson (1970) andrPiep
(1976)

The addition of an incrementing chain, &ssally a norexplicit shaping procedure, sets the
IRA procedure apart from repeated acquisitiod allows for greater variety giocedural
techniques The behavioral chain usedriepeated acquison and IRA tasksnay be presented in one
of three ways Whole chain presentation is the basis of the early repeated acquisition procedure;
whereas incremental repeated acquisition (IRA) procedures may present the behaviotaicgain
forwardchainingor backward chainingEarly IRA work males use of backward chaining
comparison of the two chaining options has onlgntly become available in work produced by the
Auburn Universitydéds Behavior Pharmacology and T

Bailey, Johnson andewland 010 manipulated both the structure of the chain and the type
of chain used to build a sequence while challenging the behavior of rats-antpltetamine They
found no difference in performance on the wtain types (forward or backward chaing) across
baseline or drug administratian®uring baselineno effect of chain structure was evident; however
during drug administration, differences were obtain€dese results indicatedatPQscores were
always highfor the performance sequenbeitamonganimals trained using forward chainitige
nonrepeating sequences had higher scores than the repeating sequendes thbie trained using

backward chaininghe effect was in the opposite directiohdditional work from this lab group
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include an examination of IRA performance in mice, BALB/c and C57BL/6 (JohiZsdny,
Johnson & Newland?010) and IRA performance during chronic oral administration of haloperidol
with olfactory stimulus differentiating the performance sequence and leaagjugnces
(unpublishedpresentedsSpencer & Newland, 2010aJohnson andolleagues (2010) found strain
dependent differences in response to chaining type, forward or backward; however, these differences
did not meet traditional levels of significanc& main effect across session amddent in all
dependentariables indicated higher scores were obtained by backward chaining.ghotlps other
studyHaloperidol impaired acquisition of new IRA sequendes no significant difference was
detected btween forward and backward chaining manipulations darlagrningcondition(Spencer
& Newland, 2009)
Procedural Issues

A few of the manyprocedural variablegossiblein anIRA taskare discussed herdhe
complexity of this task meartkat there Be many experimental design choicasd soméave
receivedrelatively little attention.even though they migltte relevant to the overall results

Use of bothperformance and learning components Boren and Devine (1968) established
an early effort to dferentiate between performance of a learned task and learning of a new task by
defining some errors dsarning errorsand other errors geerformance errors This effort was
expanded by Thompson and Moershbaucher (1979); their chapter on using rapgaigition
techniques to assess drug effects explicitly definegtbcedural component variationsa repeated
acquisition paradigmPharmaologists established two componethiat areparticularly useful in
assessing drug effect¥he animal is traied under baseline conditions to an established criterion on
a single sequence; thierformanceComponengives rise to the so calld®erformance Sequence

The Performance Componastfollowed by a_earningComponent or Repeated Acquisition



INCREMENTAL REPEATED ACQUISITION IN CHILDREN 6

Componentvhere the animal experiences a new sequence each seSsicasionally during the
Learning Componenthe Performance Sequence is reissuHus allows th@nvestigatorto compare
the results of the performance sequences to learning phase sequencesdistintuish between
impairments of new learning as opposed to impairment of previously acquired skills

Stimuli arrangements to enhance esponding Stimulus fadng or instructional stimuli
received comparatively more attentiorearly studies In maost arrangements this can be thought of
as analogous to a prompting procedureBoren and Devine (1968) the procedure involved two
paired sessiondn the first sessioa singlelight was turned on directly over the correct lever, i th
second sessiaall threelights over the correct grougd leverswere turned onThis arrangement was
compared to one in vith the three nospecificlights were arrangedThe results of this comparison
indicated variation amongst the animsiggesting that for somaianals thdight served as
important stimuli while for others these lights were relatively extraneous and even fraudulent
instructional lights did not disrupt performancehisresultcalls into question the importance of the
various intervening stimulbut only in well trained animalsThis effect was further demonstrated
when the Auburn Lab conductedaamdem chairtomponen{they removed all auditory stimuli
throughout the chainyith well-trainedanimak and found behavior wastablynot disrupted
(unpublished, presented as Spencer, Bailey & Newlan#)200

Thompson and Moerschbaecher (1979) also comparestinwoli arrangemenione with a
fading element In the nonfading procedure the color of the keys (blted or yellow) changed after
threecorrect responses signaling progress through the .chathe fading condition only the correct
key was lit up in the coect color; subsequently the noarrectkeys were illuminated through six

steps to full power, thus they weggquivalent to the nefading condition The results indicated
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fewer errors were made under the fading conditibnis procedure might be thought of as analogous
to anerrorless learningorotocol

Schedules of einforcement Also in need otonsideration is the schedulerefnforcement
The schedulkeof reinforcement for correct responses in early studies (BorBevine, 1968;
Thompson& Moerschbaucher, 1979) werariousintermittentschedules of reinforceme(®R 5 or
VR 3 etc.) while latestudiesgenerally useontinuais reinforcement, FR1Cphn, Cox & Cory
Slechta, 1993Bailey, Johnson and Newlan2D1Q Johnson et al201Q Spencer & Newland, 2010a;
Wenger, Schmidt & Davvison, 20045ome later studies do usgermittentreinforcement
schedulesfor examplePoling, Cleary, Berens and Thompson (1990) used an.FR 5

According to Thompson and Moerschbaucher (1979) an FR 50 schedule produced more errors
and longer pausing when compared to an FR 5 schetluseimportant however to specify along
with the reinforcerant schedule the unit of behavior to be reinforcedThompson and
Moerschbaucher (1979) the unit of behavior is the sequence; thus, early in the session a single
response on the correct lever is rein&fcwhile later in the session fotorrect resposes are
reinforced This convention iseen inBaileyet al. 010, SpenceandNewland(20103, Johnson et
al. (2000but was not the case in Boren and Devineods
each element of the behavioral chain suchadhadrect response must be emitted fiiraes before
the anmal proceeds to the next limk the chan, which also must be emitted fitieenes and so on
until the animal obtains a reinforcgfor example a four response chain with responses A, B, C and
D;A A A AABBBBB,C,C,C,C,C,D,D,D, D, D, Reinforcefhis is significantly
different even from other early repeated acquisition procedures (ThompsonPi&y&€r, 1976)

where an FRschedulds in placefor theentiresequence.
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Treatment of errors. Because the treatment of correct and incorrect responses is so critical
in the analysis of behavior these findings are givethér consideration herdirst, in relation to
errors the use of any timeut following an error ranging fromi1240 seconds in lengtias more
effective than no timeut at all and altime-outssuppressed errors in a stable manner (B&ren
Devine, 1968) What was not manipulated and has changed substantially in later versions of the IRA
task is the decision t@set the sequence after an erdorgeneral early versions of both repeated
acquisition (Borer& Devine, 1968) and IRA (Weinbergé&rKillam, 1978) do not reset the sequence
after an errar In contrast, later work (Bailegt al.201Q Johnson et gl2010; Spencer & Newland,
20103 resets the sequence after an error requiring the participant to start the sequence over again and
produce a sequence with no intervening errors in order to obtain a reinfohigdifference might
also be traced to the tgf repeated acquii®n procedure usedn repeated acquisition procedures
with whole chain presentation a requirement to reset the chain after an error would alter the chain to
essentially be forward chaining without preset advancement criteria

Chain structure . Three studies have provided relevant information on the importance of
chain structur@and two of these included direct manipulation of the chain struc@wan, Cox and
Cory-Slechta (1993) noted that learning chains which were more simitae performance chain had
better accuracy s c.dArspxdic examalais vith ahaire CLR(Geateri Lefi d n 6 t
i Right), repeated acquisition chains LRC and RCL had substantially higher accuracy scores than
other repeated acquisitiohains Another study (Wright & Paule, 200%pecifically examined the
difficulty of the response sequence in the IRA proceditsing backward chaining up to a girk
sequence on three levers the study examined 16 different response sequencesufty. diffie
results indicated that various chains do have different levels of difficulty andftidalty appears

related to the number of levers needed to complete the chain and the location of the levers within the
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chain Chains using two levers weseasier than those using three levers and those with adjacent
responses were easier than those without adjacent responses

Bailey and colleague2010 alsospecifically manipulated successive repetition of responses
within the chain and found th&dr the forward chaining group there was no detectalfferdnce
between sequences tlzaintained a repetitive link and those that did notcontrasta difference
between the performance chain and-ngpeating chains was detected in the backward chaining
group, indicating thianonrepeating chains were maddficult. In terms of chain selectipthe
structure is important

Measurement ssues The selection of dependent variables has undergone modification like
the technique itself (See TalAd). Ealy studies(Boren & Devine, 1968) usdtie number of errors
as the primary measure of intere®thile other studies (Pieper, 1976) instead used chain length
attained However, both of these measures have been criticized by foorandMoerschbaucher
(1979) when they are used alonla this contextte problem with chain length, or even number of
errors or percent error asreeasure, is the lack of withgession information providedrhompson
and Moerschbaucher specifically request information ondhaisition of each response in the
sequence in order to evaluate that acquisition has occurtes view emphasizes that repeated
acquisition procedures are designed for individuals and group data is inappropriate

More recent work from Auburn Univsity (Bailey et al.201Q Johnson et al., 2010) has also
struggled with the issue of appropriate measurenmeatisely because grouped dataften
necessaryBailey, Johnson and Newlan8010 describe accuracy alone as an insensitive measure
because itamot differentiate between an anaithat performs accurately on mastyort chais from
onethatperforms accratelywhile reachindonger chais. Whenthe number of reinforcers is

allowed to vary at each chain length neither the use of reinforceesaam task complete (Johnson
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et al 2010) solve this problemFor example, one animal might attain many reinforcers on a short
chain while another receives many reinforcers on a long chairadditional problem with accuracy
is encountered when forwaghd backward chaining styles are compadcause backward
chaining animals start with a novel response each time the chain increthemslividual isat a
disadvantage in collecting accurate responses compaaadndividual on dorward chainvhere a
new chairstartswith a previously mastered respse (Bailey et aR010. Chain length is also
insensitive, buhere onlyto smaller differences between animals performing the same length of
chain Thesenvestigatos (Bailey et al201Q Johnsontal. 2010) selected threeeasuresvith
which theyevaluatel learning and performandetal responding (number of responses per session),
accuracy (correct responses, even thibatoccurred before an incorrect response which reset the
sequence, dividebly Response Totglin addition this study introduced a novel dependent measure
The progress quotient 8PQ0 scoreweights reinforcersbtainedby the chain lengtland normalizes
this measure by the total reinforcers obtain€de numerator can alse lviewed as a count of all
responses that formed correct chaifbie formula for the PQ score is shown in the box for Formula
1 (below) where R the number of reinforcers earned on a chain of length | and-Rjtal
reinforcers earned in the sessitmthis studya 4 link chain was the mawmum possible; however the
formula could be expanded to evaluate longer sequences

Equation 1: Progress Quotient

(1)

(1*Rfy + 2*Rf + 3*Rfs + 4*Rfy+ é . F i * Rf

thot
According to thes@avestigatos the major drawback of the PQ is that it does not directly

assess errorsAlso, because it is speaifto task manipulations it cde difficult to compareacross
studies The PQ des allowinvestigatos t o compar e actual perfor mance

(Jdhnson et al., 2010)The PQprovidesa more detailed picture of within session behavior without
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requiring multiple dependent variables which can be cumbersome adastgiirequirements
increase The PQ also allows for comparison across subjects and allows group data in a way that
complex multiple measures make difficult when several independent variables are included in a
study
The Adaptation of Repeated Acquisition &sks for Humans

The trend in research from repeated acquisition to IRA has not been equally strong with
humans A dozen or more published studies use repeated acquisition procedures in humans (Higgins,
Woodward & Henningfield, 1989) Repeated acquisitioprocedures have actually been used more
widely than IRA procedures in human populations to examine a variety of pharmacological
substances (barbiturates, benzodiazepinasphetamine, alcohol and cocaine) as well as non
pharmacological studies (Higging/oodward & Henningfield, 1989)in contrast the IRA procedure
has been used vemyfrequently in human populations

The history of the IRA task in humans is summarizedableA3 and various procedural
variables are includeds well Thefirst timeinvestigatos attempted to bring the IRA procedure out
of the ani mal l ab and into the do malnvestigatds ath u ma n
the National Center for Toxicology Research (NCTR) developed the Operant Test Battery (OTB) in
aneffort to create a method of screening for toxicity using behavioral tasks (Paule, Schulze &
Slikker, 1988) The OTB included five operatdsks selected t@present important human
functions The IRA was one of these tasks and was included to desessg Between 1988 and
1999 the NCTRnvestigatos made ararlyeffort to explore the OTB in a human population,
publishing three studies and a book chapter in the pro@éesNCTRinvestigatos justified their

decision to expand the OTB to humdnysidentifying the importance of improving risk assessment in
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humans Although the NCTRnvestigatos were interested in the utility of the entire OTB, their
publications also represent the bulk of existing human data using an IRA procedure

The frst use of the OTB with humarsy Paule and colleagu€s988b)sampled a group of
twenty children between the ages of 3 and 11 ydarall OTB validation studies the same panel
originally designed for Rhesus monkeys was usdds was a large operant instnent panel with
three Opress platesd (flat response instr.uments
The panel was installed in a research room at a local hospital and was modified to dispense nickels to
children instead of the foqakllets used in the animal la®ne important feature of the NCTR
administration of the IRA task was the presenceeobal instructions and a demonstration via a
videorecording (please see AppendiXds a copy of the instructions)lhe instructons were 354
words long and had reading grade levéhstextassessed by Microsoft Office Weraf 6.4; to be
clear participants didnoét read the instructions
compare direction across different studigsis group of children received an average of 16.2
reinforcers +/0.8. In this task it was observed that most children could not complete the whole task
and the ability to comple the task appeared to be-agiated and also related to clinical diagnosis
The results showed that in children over six years of age, only those diagnosed with ADD or a
ALearning(Dhsabstutdyodi dnd tweraiumable o acompleterthe IR&A o nv ent
task Theinvestigatos di dndt r e p @ secondtoedy ftrom shis group iaihcluded in
Appendix C Part 2

The thirdstudy published by Paule and colleagues (1999) focusedamining correlations
between traditional measures of cognitive ability, namely IQ teatiinigghe OTB component tes
In thisstudy 115 low birthweight pretem 6 year old childreenrolled in a collaborative longitudinal

study on educational practices were tested using the OhB outcome dataavedisplayed based



INCREMENTAL REPEATED ACQUISITION IN CHILDREN 13

on six 1Q groupings, accuracy ranged from an average of 38%flow 1Q participants (Full Scale
IQ < 70) to 63% for 12 high 1Q participants (Full Scale IQ > 1T)einvestigatos used Wechsler
Preschool Primary Scale of Intelligence (WPPSI) IQ scores collected a year prior to the OTB
component testing when ahildren were 5 years of ag€orrelations were calculated from 92 of
these participants for Full Scale 1Q, Verbal IQ and Performance 1Q and the three IRA outcome
variables accuracy, percent task complete (defined as the number of reinforcers obtdinétheu
total possible reinforcers, 18 for this task) and response rate per sdd¢wrd is no discussion of
why only 92 of the 115 total participants were used in calculating the corrslaliba correlation
between IRA accuracy arklll Scale 1Q, r€.53(n=92), was significant and quite higbmpared to
other correlations with OTB task©nly the correlation between accuracy on the Conditioned
Position Responding (CPR) task was highe®,58for Full Scale 1Q (n=107) The next highest
correlationwas for he Delay Match to Sample task, Futlafe 1Q and accuracy @44 (n= 99)
Additionally, both VIQ and PIQ showed significant correlations with accuracy on both the CPR task
(VIQ r=0.516 p<0.01 n=107; PIQ r=0.569 p<0.01 n=107) and the IRA task1x0@61, p<0.01,
n=92; PIQ r=0.516, p<0.01, n=92J hese results were used to suggest that the operant tasks
designed in the animal lab cassessmportant human brain function and provide information that
may not be obtained from traditional assesssehintelligence Furthert the correlation between 1Q
and the IRA task may suggestnore specific relationshigppmpared to other OTB tasks

A more recent study by Zayand Johnston (2008) ustte IRA task to capture and contrive
establishing operainsduring learning Of note, although Zayac and Johnston were also at Auburn,
their work was completely independent from the series of projects completed in the Newland and
Gillis labs Zayac and Johnston (2008) used more current technology as arplidfdhe IRA

procedure, a dedlop computer with an adoin touch screen (visual basiclhe procedure was
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designed around testing performance given various deprivation phases from the reinforcer, 40 second
access to a participant selected computer geamgjng fron fifteen minutego three days of
deprivationfrom video gamesThe procedure was designed based on Paule(@B&B), but with

several adaptation®lthough the papecitesPaul e et al 6s (1988) study,
describe the iirementing methadlt is presumed that backward chaining was used but is not clear

from the description givenThree participants were selected from individuals who attended an adult
day care program; all were mala®viously diagnosedith mild to modeate IntellectuaDisability

(ID) between the ages of 37 and 4he number of errors and percent of errors were presented as
results, errors per session ranged from 55 to 341 and varied reliably based on the period of
deprivation The percent errors fall participants at all chain lengths, ranged from 28% t0.40%

A series of three studiegas completetty Spencer WalstronGillis and Newland (2011,
unpublishedlatg. These studies use a ddsk computer, addntouch screen andEALbasicto
createandconductan IRA program The project was completedth undergraduate college students
at Auburn University This study expanded the history of IRA wiibmans by usingoth forward
and backward chaining methods to develop the behavioral chain tlordgugkessianin addition,
the first study specifically aimed at determining if a performdikeecomponents necessary or if a
single measurement (or immediate exposure to a learning phase) adequately measures ability on the
IRA task The second stydattempted a delayed folloup, a second set of measurements between
participants A final study compared response modality, responding on a touch screen versus a
mouse, and the pacing of setting and consequent stiffiodi program used auditory tones t
establish the chain schedule between resporisks previous studiefPaule et al. 1999three
correct responses were necessary to add a step to the behavioréhdh#srcase consecutive

correct responses were require@he sessions lasted fearious lengths of timéone 40 minute
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session in study one, two 20 minute sessions in study thvge)no maximum on the number of
reinforcers a participant coul d r.eTheeprogram ( A scr e
showed four square bluesponse options in a symmetrical square clugtee response options
were only differentiated from each other based on posifldve program allows a maximuaf a
ninelinkchain Each i ndi vi dual was i ssued t heampantsl owi ng
by pushing some of the different buttons you sBeg to earn as many points as you cé&ease only
respond by touching t hAso pleaseede motusedyounceltphonesdaring he m
the study, 0 ( 4Kincawgradd Isvehs 8ssedsedbly Micrasdft wprd'he
instructions were manipulated slightly based on the variatidineo$tudy

Across theestudesa ceiling effect was notegarticipantsalmost allcompletel the entire
chain withan extremely high degeeof accuracy The general findings suggest that a performance
like componentnakes little difference in the chain length or accuracy attained by college stuktents
general individuals in the forward chaining group outperformed those in the backwarshglgroup
except when participants were invited back to the lab after a delay; then participants in the backward
chaining group slightly outperformed those in the forward chaining glomygever, the utility of this
finding is limited as not all partipants chose to return to the lab for the follow Mo differences
were found based on response modal@yimulus pacing did affect the rate of responding lwiit n
measures of performance suchaasuracy or length of the behavioral chain achieved

Thelateststudy looking at IRA performance in humans was published in 2012 by Baldwin,
Chelonis, Prunty & PauleThis study is the latest work fromme NCTR to expand the understanding
of their OTB in a human populatiorn this study837 children compleid theentireOTB, but the
resultspresented her®cus on the IRA taskThis large scale study was conducted in an effort to

obtain a large normative sample from typically developing childfigwe study also aimed to
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evaluatefisex differences seen primates were detectable in humans ahithe IRA continued to be
sensitive to 1Q differences in children of various ages, 5 to 13 yearJ bis studyappears to use a
procedurevery similar to thatleveloped by Paule et al. 198®wever, quite a bit ore detail about
the procedural details of the IRA task is presented not clear if this detail is presented for clarity
purposes, or because it repgats departures from early NCERidies These étails like how
errorless chains were definedr@@tess excluding the most recerdigded responsend the error
correction procedurgerrors did note-se the chain, and a nickel was always obtained at the end of
the sequenci corrections were madenay become particularly important when the resoftthis
study are compared thers In this study the Kaufman Brief Intelligendest(Kaufman &
Kaufman, 1990yas used instead of the WPPSI

The results of this study confirmed that participai@was significantly predictive of IRA
performanceparticularly in younger children, but these differencelRA performancevere
attenuated as age increasdédje also appears to be a particularly strong predictor of perforneance
the IRA task Theinvestigatos noted that chain length was a limiti#iagtoramong older children,
where aceiling effect was evidergnd the consequent restriction of range could have prevented the
detection of a relatianThis was not a much of groblem with younger children who were often
unable to advance to the l@rgchains

Measurement ssues IRA results from humans havmetbeen presented in a consistent
fashion Pauleand the NTCR1988b, 1990b, 199utilized accuracy, percetdsk complete and the
response rate per second to summarize IRA task beha&agac and Johnston (2008) used percent
errors and errors per session as the primary dependent variable but did also calculate accuracy and
responses per minutén contrast SpencéWalstrom and colleagues haveedResponse Total

accuracy, PQ (progressigtient as defined by Bailey, Johnson and Newl20d() and chain length
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to examine IRA task behavioBaldwin et al (2012) used the tradnal NCTRtest measures but
added an analysis of respondivagsed oreffective responségsorrect responsetistinguished from
ineffectivecorrectresponses occurring during various timeoutishin the sessio Se ar ¢ h 0
responses (responses occurring prior to and including the first correct response each time the chain
i ncremented) and @ Me mocuryng after éhs fiysbcorseet espdnseeatsepch N s e s
new chain length)In addition aresponse chain accuraesriable was calculated, as opposed to a
simple accuracy value Several of the NCTRest studies also present data at various chain lengths
(two link chain, three link chain and so on) in accordance with early repeated acquisition and IRA
work in various animal labs
Featuresof Chaining as a Measure of Learning

The dominat behavioral perception ahe response chais of a sequence of behawdhat
can be defined as a succession of different operant responses each reinforced by producing an
opportunity to engage in thrext response until the behavior chsromplete, terminated by a
reinforcer (Catania, 2007)This creates a pattern wheesponsenemberarelinked by stimuli
which serve as both a discriminative stimulus (Sd) and a conditioned reinforcer (Millenson, 1h967)
most curent texts (Catania, 2007; Martin & Pear, 2007) chaining is depicted as a linear process;
however, in oldetextbooks chaining is depicted as a cycléis depiction is apt in light of the way
IRA works within the laboratorgnd may be important givehatapplied literatureontributes the
most informatioron the comparison athaining strategies

Althoughthis definition of chaining focuses on the presenceootitioned reinforcers
throughout the chajiLashley (1951)dentifies chains thadre not maintained by associatiohhese
examples include the gaits of a horse as well as the finger movememisisicéan It seems that

this dichotomy might be partially addressed by the examination of function within the &twain
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instance each step in the gait of a horse contributes to the same function, whitieasample of a
response chain givdyy Sidrman (1960 p. 101-103) and used by Catania (2007) the chain learned by
a lever pressing rat can be broken down such that the lever pressing is extinguished but other aspects
of thechain remain itact (approaching the food bin when non contingent foodtpelle released
etc.) The general conclusion is that a behavimaio can be discriminated on thbility to break i
down into individual operantsyr by our conception of the chain asemporally extended undtf
behavior
Comparing the Techniques 6 Forward Chaining and Backward Chaining

As previously noted there are two methods of developing a behavioral chain in an incremental
repeated acquisition procedure; either forward or backward chaiwWhgn forward and backward
chaining are cosidered nultaneouslyan initial theme ishe questionDoes one of these opposing
techniques each t he behavior chain Abettero or in eff
chair? Thisfirst question, of superiority, is followed by consideration of thtedint behavioral
contingencies at work within each chaining methBeferences ttab loreregarding greference for
backward chaiing among behavioris{Bailey et al.2010, given it perceived superioritjikely
arise from a variety of sourcespuld hed i n t hpeomditgdhse method(Pisadrebas1982
& Weiss, 1978) The theoretical underpinnings of this preference wilbbefly exploredafterthe
initial question of technical superiority examined

Direct comparisons offering an @imical evaluation of the two methods do not conclusively
favor one method over the otheFhese studies evaluate backward and forward chaining methods in
several different participant populations in order to teach many different tasksveral caseso
differences can be detectef brief review of studies offering a direct comparison of théhoes is

presented in Tabla4, details regarding the studies selected afgppendixC Part 3
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These studies were analyzed first based on the outconsirasaised to determine supposed
suwperiority of a chaining methodOf these 13 studies Ibntainedan analysis of chaining based on
some measure of performance during acquisition, for instance number of errors or acBixaty
these studieund nodifference betweeahainingtypes four studies suggested forward chaining
was superior and two suggested backward chaining was supéoiar studies contained an analysis
of chaining based on the length of time required during training to establishaime such as
duration of the session, number of trials to criterion €tthese studies thresmowed no difference
between forward and backward chaining and one suggested that forward chaining was superior
Finally four studies examinaslitcomes baskon retention of the skill taught withretest window
ranging fromimmediately,20 hourgpost trainingo one weelpost training Of these studies three
indicated no different and one suggedtmavard chaining was superioin general regardless ofeh
outcome measure it was most common to find no difference between forward and backward;chaining
although individualcases of forward and backward chaining appearing superior do &xsn the
lack of a clearly superior technique tingial questionregarding superiorityransitionsinto a
consideration of whethe selection of one technique over the other is warranted, in this case it
becomes valuable to consider the particianrt the type of skill targeted

The apparent preference for backwandeci ni ng i n behavior analytic
empirically, but whee did this preference arise fro8 ver al ol der texts donot
chaining as a methagseful in @&dvelopng a chain (Millenson, 1967; Rachlin, 1935, Ferster & &err
1968) According to Millenson (1967) each stimulus responserpast be establisheaks a
discriminatve operanfiirst and then the Sd may serve as a conditioned reinforcer for the next
response to be added to the chaiiis effectively buildsan asociation betweesach responsa ithe

chain and the reinforceiThis association would make each successive behavior in a chain more
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reinforcing until the reinforcer is attained at the end ofctean The dual role of the linking stimuli
throughout e chain intersects with a discussion below regarding what conditions allow a
discriminative stimulus to also function as a conditioned reinforcer

In contrasto the associations built in backward chainifogward chaining explicitly and
directly reinbrces each new link of the chain as it is ad@#diss, 1978) The theoretical problem
with forward chaining is thatwiththed di t i on of e a @previouslyestabfisheda | 0
behaviors are no longer directly and immediately reinforced, rigkitigction of the established
behavior (Catanig2007). What is seldom considered in the context of forward chaining is all the
possible side effects of extinction; Neuringer (2000) has identified extinction, or adversity by
withholding reinforcement as potential source of variability behavior Given a brief period of
extinction which does not overwhelm the previous history of reinforceroeekperience with
intermittent reinforcementye can se@ow variations irbehavior could produce the nevdglected
behavior and generate a lengthening chain

The role of linking stimuli within the chain enothempotentiallyimportanttheoretical
difference between forard and backward chaining as part of the IRA tdska developing
behavioral chainhe dual role of these stimuii discriminative stimulus and conditioned reinforeer
might even be expanded to a third role agmémrmational cudghatsimultaneously signathat
another response is necessaryanthe proximityof reinforcementn terms @ the quantity of
responses required to obtain a reinforders easy to conceive that these stimuli might function
differenty in a forward and backward incrementing chdim a forward chaining IRA task during the
first trial in which a new link is@ded to the end of the chain the participam st likelyunaware of

the alteration in the reinforcement schedule until they are most of the way through the nevinchain
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contrast, during the first trial of a lengthening backward chain the particgpbikely immediately
aware of an altered contingency.

The chain of associations described in backward chaining also applies to the discriminative
stimuli present in &hain schedulas well (one where a discriminative stimulus intervenes between
each respase) Gollub (1958as cited in Fantino, 2008pecifically compared tandem schedul®
a chain schedule, and found that the chain schedule did not support high rates of behavior, in fact
over time behavior under the chain schedule was markedly redBaatino (2008) describes this
effect, notinghat despite the supposed conditioned reinforcement at each link of the chain schedule
only the final stimuli is ever directly paired with the primary reinfordercontrast under the tandem
schedule, whera single stimuli is present throughout #&irechain, the stimulpresent is always
directly paired with the primary reinforcerThe tandem schedule more closely matches forward
chaining in the IRA tasklIn theforward chain although the discriminadi stimuli are different at
each link of the chaita chain schedulddr at least some short period eatimulusis also directly
linked with a reinforcerthus forward chaining is able to generate considerable behakidhe
context of backwardchaii ng, 1t seems t hhahe ch@odchHedule dusfotbeé a f f i c u |
problem; in practice however behavior is maintained on a backward chaining IRA sch&tubeigh
a rigorous review we see that conditioned reinforcers are only those corveikit@dreduction in
time to primary reinforcement (Fantino, 2008)terestingly; under a choice paradigm set up to
mi mi ¢ Gol |l ubdés ar r anapsiterprateddy splectiptheadandem pcheedlee r r e d
Other work also showed that under chaioaditions pigeons preferred conditions without
conditioned reinforcers; despite the fact that conditions with and without the conditioned reinforcers
supported behavior (Schuster, 1969; Squires, 887dted in Fantino, 2008 This preference may be

expainedby the demonstrated disassociation (Gollub, 1958; Fantino 1965) of the discriminative
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stimulusconditioned reinforcer relationship (Keller & Schoenfeld 1950; Skinner, 1988
probably incorrect to view the discriminative stimuli throughoutlB chain asautomatically
serving asonditioned reinforcers

If we conceive the various discriminative stimuli throughout the IRA cfaaghain schedule,
not a tandem schedula$ informationalin any waywe must considesbserving behavior
Obsewing is the behavior exhibited by an animal who may respond to obtain access to a stimuli
which identifies if the animal is in a reinforced contingency, or not, but this response has no effect on
that contingency (Wyckoff, 1952)The behavior is well edtéished in various species (Fantino,
2008)as is the specific condition in which it occurs; observing only occurs in relation to positive
reinforcement (Dinsmore, 1983; Fantino, 197l these cases high rates of observing behavior can
be observed everudng extinction conditions, when behaviors effective in producing a reinforcer are
suppressedlt is not clear if tke type of information indicated by the stimuli within the IRA chain,
information about the proximity akinforcementis functionally sinilar to information about the
availability of reinforcementin the context of backward chaining the idea of intervening IRA
stimuli serving as informational cues throughout the chain intersects with the concept of ratio strain

It is known that informaonal cues which indicate an extinction condition suppress behaviors,
but what if the cue only indicates a small increase in the effort required to obtain the response? In the
IRA taskthe reinforcer ratio is effectively a fixed ratbneschedule whichmgduates witlihe length
of the chain, with a maximum fixed ratio schedule varying from four to nine (as conducted in Bailey,
Johnson & Newland201Q Johnson et aR010; Spencer & Newland 2011, unpublishetihe

increase in effort involved in these exting chainsnay be viewedlifferenty from a schedule in the

pigeon | ab which might s uplptlernformatiorOopogdedd f r espons
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throughout the sequences is different for forward and backward chaining we might expect to see
some inéraction with the participardsnotivation

Anotherprimary differencébetween forwardand backwarehainingis the repetition of
previouslylearned responses prioréach new response in a forwanitkining procedureThis
difference leadstoadigcs si on of how an i ndiiesmghtlaelpordinderer seve
the individual during the acquisition proces$2erseveation, the tendency to repdaghavior without
regard to the consequences, might be viewed as particularly detrimengati®vediopment of a
backward chain where each new response is added to the beginning of the chain. In contrast forward
chaining might mask preservatitendencie®y allowing previously learned responses to occur first
and the new response to occur atehd of the chainBecause this possibility has not been directly
assessed before we will examimethods of measuring perseveration, in particular a task designed
for children
A Deeper Look at the IRA Executive Function Link

IQ information. 1Q testinghas a long history and will only briefly be described hdétaule
andthe earlyNCTR investigatos made use of the Wechsler Preschool and Primary Scale of
Intelligence (WPPSI, 1974 edition) so our discussidhfacus primarily on the WPPEIII, the
current version The WPPSIHII consists of a series of 14 subtests for children age 4 to 7 years 3
months, only 7 of which are core testor children between the ages of 2 years 3 months and 3
years 11 months there are 5 subte$tse longer version takeapproximately 45 minutes to
complete In general the use of prompts and queries is not restricted (Pearson, 2012)

Neyens and Aldenkamp (1996) examined the stability of the WRP&iInd several other
measures) in children between 4 and 13 yearg®f Bhey report that typically a twgear window

between testing is used to ensure that changes are not merely the n@dtioé but this is too long
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a window to be useful in assessing changes in children with neurodegenerative disSStatalisy
coefficients are reported from Razavieh and Shahim (1990) for FSIQ, 0.83, VIQ, 0.67, PIQ, 0.87
which had a testetest interval of less than 40 dayseyens and Aldenkamp used a six month-test
retest window between three assessments and found excelii@bitity for the PIQ and the FSIQ
although all three 1Q values changed across the three assesswiénthanged the most between
the first and third assessment, 1 year interval, indicating gains in vocabulary and comprehéresion.
specific nature oimprovement in the VIQ subtests gives way to questions about the language based
nature of the WPPSII. Stark, Tallal, KallmarandMellits (1983) found that when specifically
| anguage del ayed chil dr-ld weeconmparediwbhraachedsampleaf t he
typically developing children outcomes on fPerformance 1Q subtestgerenot significantly
different betweesgroups.

The stability of the IQ assessment results is particularly important given the difference
between the early NCTR work#Ble et al. 1999) and the proposed studythat NCTR study the
IRA is correlated withrull Scale 1Q scores that are over a year. didthe proposed study the 1Q
scores will be taken within two weeks of IRA assessmadtitionally all children partigpating in
the NCTR data were given the 1Q test at the same age (5) while the children in this study will be
given the appropriate subtests at various ages when they experience the IRA ass&sddweint et
al. (2012) used the Kaufman Brief Intelligenbest (K-BIT, Kaufman & Kaufman, 199do obtain
measures of 1QIn this case th&¥ erbal andViatrices subtestf the K-BIT were presented
immediately after OTB testin@pproximately 20 minutes of testing

The NCTR papedescribed what they called amtg correlation between th@A procedure
accuracy scoreand individual 1Q score®=0.53 (Wechsler Preschool Primary Scale of Intelligence,

WPPSHII; Paule et al. 1999 This significantcorrelation was unique to IR&ccuracybackward
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chaining, and CR among te OTB component testlthoughtheir validaton wasencouraging and
provided a meaningful corollary to animal models; the OTB and its component tests have remained
virtually unused in human testing’he OTB component tasks were analyzed iatreh to eah other
based on animal data (Rhesus monkeys$iis analysis showed that the correlation between tasks was
geneally low (less than 0.5, rangg from 0.02 to 0.39and nomsignificant, indicatinghat thetasks
measured relatively independduanctions Between the IRA task and the CPR, the tasks with the
highest correlation to IQcores, a nesignificant correlation 00.213was detected (Paule, 199049

is important to note that the CPR (Conditioned Position Resparditagk requiringhe acquisition

of a colorresponse choice discriminatioiask actually has a higher correlation with IQ scores than
IRA; however since this measure is focused primarilywisual discrimination it hasiot been

targeted foadditional examinatiomwith regard toalink with 1Q scores.

Baldwinetald s (2012) nor mat i areaticnshimpetween 8)lasddRAd et ec t ¢
performance In a twoway ANOVA with IQ and age significant main effects of IQ were detected for
all four dependervariables, testenhdividually[Percent Task Comple(®TC)and 1Q
F(2,784)=60.56<.01, response chain accuraagd 1Q F(2, 78¥74.92 p<.01; search response
accuracy and 1Q F(2, 784)=8.70 p<.01; memory response accuracy and 1Q (K26/88 p<.0L
Participants were digled into three 1Q groupgange of 70 to 131 as measured by thBIK), using
.67 standard deviations from the mean (10 pointsp(below average1-110 average, 11130
aboveaverage Across all age groups and dependent measures participantsalotleaverage
group outperformed those in the average and below average gradiparticipants in the average
group outperformed those in the below average gr@garch response accuracy was the only
variable where this pattern is only moderately obsgrsignificantinteractiondbetween age and 1Q

were detectetbr PTC[F(16,784)=2.27 p<.01Jnemory response accuracy [F(16,784)=1.85 p<.02]
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which indicated that among younger children 1Q differences were particularly strong and this
relationship decreasl among older childrenThesenvestigatos determined thatsponsehain
accuracy(defined as the number of times a response chain was completed correctly divided by the
total number of times the subject completed a response ehasnhaoe sensitiveto 1Q differences
than percent task complete

The relationship between IRA and IQ scores is only one example of the attempt to put the
IRA into context as a lab task that depicts meaningfghitive function These attempts are
designed to bridge tHeuman and animatesting literature by using a test that is common to both.
Frequently, but not always, these correlations are conducted with besicdiél IQ and subtestBhe
conception ofepeated acquisition tasks a measure of cognitive functiomas also presei
Shannon and Lowe £2004) work In this case repeated acquisition was specifically used as an
executive function taskExecutive function refers to a series of processes, including; planning,
hypothesis generation, cognitive flexityl decision making, judgment and feedback utilizatidhe
Wisconsin Card Sort Test (WCST, also discussed in the next section on perseveration) is one
common measure of executive functiorhese authors describe the repeated acquisition task as
0 r uldamifg across sessions and attempted to create an animal model of executive function
comparable to that measured by the WCSTiis was accomplished by placing animals on a within
session repeatextquisition schedule, where a twasponse chain was repd after 10 correct
responses an tsignaled change occurred and a new two link chain was required

Executive function. In a broad review Jurado and Rosselli (2007) described executive
function as a frequently usdidtoncomcep23tdhhalhedér e
identifiedeleven different studies prior to 2007 whidscribedver thirty components of executive

function Despite the expansive nature of the term executive function the reviewers chose to focus on
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four primary compnents of executive functioAttentionalcontrol, planning, seshifting and verbal
fluency(this paper will bllow that practice and focum thetwo functions that are relevant in the
context of the IRAAttentional control and seshifting).

Attentional control wasnitially defined by Dedyerry and Rothbart (1988) #te ability to
voluntarily focus attention and the ability to shift attention based on the demands of the environment
This ability includes selective attention, sustained attentionrasigonse inhibition (Jurado &

Rosselli, 2007) Attentional control is often characterized and measured by inhibition tasks like a
Go/No Go taskwith developmental improvements and a reduction in perseverative errors appearing
between 9 and 12 yearAttentional control seems particularly relevant to one variation of the IRA
task, the backward chaiwith each added link of the chain there is a conceptual attention shift to a
new stimulus, and inhibition of previously reinforced responses is necesskgst temporarilyin

this sense early repeated acquisition backward chainingRA tasks can accurately be described as
requiring executive functian

Set shifting is often characterized as cognitive flexibdgityl is characterized by tasks that
required rapid switching between response sets (Jurado & Rosselli, Z¥ Bhifting is typically
measured by a card sort task (such as the DCCS described Witlowyesponse to verbal rulesgi
red cards go here, bluecagis t her e € ) Iy it wouldh kee meowect@orrude out more
discrete discriminative stimuli, like those existing between the responses of the IRA behavior chain as
signals requiring a set shiftWhat is less clear is if the response chain that can be broken down into
sepaate operants in fact makes up distinct response Setsshifting is discussed more below in the
context of card sort tasks

Card sort tasks The classic test of perseveration developed from a cognitive orientation is

the Wisconsin Card Sort Task (Y8T), developed based on experiments in the Wisconsin Primate
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Laboratory (Berg,1948)T hi s task conceptualizes perseveratic
major goal of quantifying the perseveratidPrior to the WCSTtasks were designed to enme

perseveration, but few provided a quantifiable measure (Berg, . 1948)WCST is characterized as

a test of cognitive flexibility, but there is disagreement among cogmitiestigatos with regard to

what other cognitive functions WCST might meas(Geurts, Corbett & Solomon, 2009ince the

inception of the WCST several updated versions have been developed; the Modified Card Sort Task
(MCST) and the Cambridge Neuropsychol ogical Tes
dimensional extraimensioml (ID/ED) set shift task The WCST has also been identified as a

measure of executive functigBhannor& Love,2004).

The Dimensional Change Card Sort (DCCS) task is designed to measure executive function in
children (Zelazo, 2006)This task is descréd in more detail in th®ethod section as it is a measure
usedin this study, but is also introduced heihe task consists of three phaée total of 24 trials)
and asks children to sort by color or shapecording toinvestigatos 3 year olds aregpically
unable to pass the task, showing a pattern of inflexible responding when given instructions to switch
and sort by a different featurén contrast children of 5 years can usually complete the switch and by
7 years of age should be able to congtée final discrimination phasén the DCCS instructions
are given at each trial to constrain the interpretation and ensure it is not a failure of memory or testing
other possible responses (Sedble A5 for details on cards, targets and instructiord) discussion
here refers to the standard version of the tAstording toinvestigatos most children owe36
months can sort the first spre-switch trials correctly The next sixpost switch trials are usually
distributed such that a participardtg all the trials correct or all wrong

Three primary questionsere raised ithis investigation First,Forward and Bckward

ChainingIRA tasks were explicitly compare@he secondf a relationship would be detected
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between a measure of persevera{the DCCS) and the IRA taskhird, if the relationship detected
by Paule (1999) between backward chaining IRA accuracy and ¢alé 8) would be detected again

and if thisrelationship extended to Forward Chaining IRA.
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Chapter 2 Method

Participants

Children between the ages of 2.5 angk@rsof agewere recruitedrom various day care
centers and the general publidata were collected over a four year period at six different locations;
see= TableAG for details All participantswho wee identified as having normal, or corrected to
normal, hearing and vision (determined via parent repatgincluded in this studyParticipants
and their families received $10 in compensation for their participation

A total of 65 participants signed digr this study Due toscheduling difficultiespnly 55
participantscould be included in the studyour of these participants did not complete the WHRSI
but completed all other portions of the study, another pauticipantscompleted the WPPSII but
wereolder than 7 years 3 months so their WRRIS$cores wee omitted from analysisData for
theseeightparticipantsvereused when possihléSample size is noted for each individual analysis

Thefinal sample consisted of 29 male and 26 fenthildren whose ages ramhgom 32 to

94 months @ = 59.4 months)1 child under the age of 3 years, d8ildrenbetween 3 and 4 years, 18
children between 4 and 5 yeat§,children between 5 and 6 yea8s;hildren between 6 and 7 years,
and5 children over 7 years oldDuring recruitment the uppage range specified was 7 years and
any child under 8 years was allowed to participate

Details of @rticipant®demographic informatiors available inTableA7, and is based on
parental seffeport to a brief survey included with the information pecl third of participant

parents reported they had earned a college degree, another 38.18% of parents reported that they had
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completed high school and some college courses, 17.27% of parents reported a post graduate degree,
other families left the quasn blank or indicated trade schools or an education that stopped prior to

high school. Approximately half the sample came from families with an income between $25,000 and
$74,000, andverepredominately Caucasidf3.63%) Table A7also includes informtéon about

TV viewing habits and Video Game playing habifs high number of childreneported havingo (n

= 21, no video game exposu)very little (n = 28 less than 1 hour per d&gperience with video
gamesdespite thisit was clear that all ahe children who participated in this study were well

prepared to complete tasks on a touch screencomiterc ause t he question di di
about games played on other platforms | i ke tabl
captured the extent to which participants were prepared to work on our touch screen computer

Finally, participants who were reported to have a learning disability, such as Autism Spectrum
Disorder(ASD), were not excluded from the study basedi( paticipants were reported to have

been diagnosed with ASD or ADHDPata from these participants were included unless analysis

indicated the participant was an outlier in terms of response total, data screening criteria are discussed
in the Results section.

Prior to inclusion in the study a parent or guardian completed an informed consent for the
participant. Each participant provided assent at the start of each research session. The study was
approved by the Auburn University Internal Review Board andosaducted in accordance with all
relevant guidelines.

Materials

WPPS -IIl a dministration. The WPPSIIII is a measure of cognitive abilities in preschool

age and early school age children. The test requires verbal and nonverbal responses to vatipus stim

including blocks, puzzles, pictures and verbal quesif@dfechsler 2002a)Administrationrequiresa
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score sheandspecific blocks, puzzles and picturés this case the administration corresponded

with the instruction manuakquirements as clogeis possible, occasionally it was necessary to

break administration up over two sessions in order to facilitate the schedule of participants. Time to
complete administration of the core subtests varies amongst individuals; approximately 30 minutes
for children between 2:6 to 3:11, and approximately 1 hour for children 4:0 taR&8WPPSIIII

has been examined for reliability (coefficients for the various subtests, age groups above 0.8) and
validity (intercorrelations were as expectédjechsler, 2002bParticipants ranging in age from 2:6

to 3:11 completed four subtests; Receptive Vocabilapasuring the ability to comprehend verbal
directions) Block Designimeasuring analysis and reproduction of abstract dedigoymation
(measuring recall of fas already knownand Object Assembl§measuring visugberceptual
organization, integration and synthesis of panble relationships, newerbal reasoning, and trial
anderror learning) For participants in the 40:3 age band the seven core subteste we

administered; Block Desigimeasuring analysis and reproduction of abstract desigfoymation
(measuring recall of facts already knowhatrix Reasoningmeasuring verbal reasoning, verbal
comprehension, and general reasoning ahilitgcabularymeasuring knowledge of and the ability

to express the meaning of wordB)cture(measuring abstract, categorical reasoning ahivyord
Reasoningmeasuring verbal comprehension and reasoring)Vocabularymeasuring knowledge

of and the ability to exjess the meaning of words)

For this studylie WPPSHIII was initially administered by graduate students in the clinical
psychology program at Auburn University by a graduate student enrolled in the University of
Alaska Anchorage Clinical Community P$yidogy program Later in data collection it was
necessary for the investigator to collect all data without support from graduate stigtanttest

administrationsnine,were recorded and reviewed by the supervising committee for procedural
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integrity. When the WPPSIII was administered by a graduate student that individual was blind to
the chil doés .ITiRAveptigatof veas presemta@ring the administration of the WPPSI
llby graduate students and c o lUslotkhe@ither taskWhemitmp | et e |
became necessary for the investigator to conduct the WIRR8$ting without support the IRA
testing occurred first whenever possibWhen this was not possible the WPRIBIresults were not
calculated until after alRA testing was completeThus, although the investigator had a global
observation of how each child was doi nligtethe di d
until she could no longenfluence their IRA results
Dimensional change cardaert task The Dmensional Change Card Sort TaskJ©OS was
used to measur e a c KTabledhd) &Zelazd 2006) Thig is sindlar ®@&wi t ch t as
Wisconsin Card Sort task, but has been designed for children of this age Gtoldren are asketb
sort sixcards by Bape (Rabbit or Boat) and then sixrds by color (Blue or Red)n a third phase
(12 cards) the child must switch back and forth between these two attributes based on the presence or
absence of a bordem previous studies partgants were rated as simply passing/failing the
procedure at each phasdi DC-ghSa s e 0 i n t hphase Tins phass, pass with®ktards,
phase Zecond setpass with B cardsphase 3 finaphase, pass with B2 cards) The order of cards
presented to the participant and the instructions are presented in table formA3,abétazo, 2006
If the participant did not achieve 10084 phase 1 or the procedure stoppedn order to ensure
uniformity in this studyall participants soedall 24 cards and receigd¢he same instructions
Despite this change the usktotal correct responses was inappropriate due to the high likelihood of
obtaining correct responses via biased responding based on a side or pateddition to phase a
unique variable was calculated to provide the most information about the task possiisleariable

i DCCcB r r & not tletotal number of correct responses the number of correct responses
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based on the phase cr it esterphgse Ifcornect raspqgnsesweiec i pant
calculated based only on the first pha®¢hen a participant mastered phase 1, but not phase 2,
correct responses were calculated based on correct responses in phaseHiraally 2or a
participant who met the criti@ for both phase 1 and phase 2, correct responses were calculated from
all three phasesThis allowed investigators to better discriminate between participants who passed
phase 1 but not phase 2 and so on.

Computer hardware and software The IRA taskwasconducted on a desktop iMac
computer running Mac OS X Version 10.4.11 with an-addViagic Touck (touch screen adaptor)
device or a lap top iMac running the same system and fitted with an add on Magic ToedRA
program was developed using Resdb (2007)programming by an undergraduate student
programmer at Auburn University and was tested through several iterationsihwesigyatos and
then with college students prior to administration with childr&dditional pilot te$ing occurred
with a3-yearold volunteer and a-yearold volunteer (approximate ageyhese were children of
Auburn University professors who attempted the IRA task with their parents present; the data from
these volunteers is not presented here or elsewhere
Procedure

IRA task DuringeachlRA taskthe participant saw folgquares with different colored
trianglesin them (Forward Chaining IRA) or fowquares vith different colored circles (Backward
ChainingIRA). In all sessions a 9 link chain was the maximum chaigtlepossible All sessions
startedwith instructions italicized portions werenodifiedslightly as approprige for the exact
research condition and stimuli ugedrhisfis a guessing game&our job is to findBarneyhiding
behind one of these buttoflSe st ur e t o Thanvdstigdiathert poskda.carrect button

andsai d fiLook, there hpushed !adbn Nemxcto rtrheeSte elvietsté @ rg aan
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here It will get harder to find him the longer we playou may have to pusmore than one button
to make him show upTry all by yourself right nowater | willhelpyou Tr y your best! o
[Instructions: 64vordsFlesch-Kincaid reading level 1.1 as determined by Microsoft waitte
participants di dn 0 weverthardadingheeesieprovided forcamtext.i ons, ho
For all IRA tasks the computerovidedfeedback after every respondeain for a correct
responsehaint he wor ds appéaedoda gieerbstraen with one of several popular
cartoon character8érney, Dorathe Explorer, Bob the Buildefhomas the Tank Engine)ncorrect
response chainserefollowed by a black scredor 1 second During all IRA sets thenvestigator
sat next to the participant amdrbally reiterated the consequence tbmputr displayed; if the
response wacorrect the experimentsaidii Giood | o .biflthe regpbnse wamot correct the
experimentesaidi T h at & Jry agairt 0 i. Artincorrect response reset the task to the
beginning of the current chairf the participant stopped responding or talkszbut other things the
experimeh er r emi nd t heee pp atrrtyiicnigpoa.nt t o 0K
Occasionally a participant would ask to stop playing the game. The first time this occurred
the participant wastenceoumaged .t0o0o IfiTrtyhef prard ilci
they were allowed tahis repeated request was treated as rescinding assent for that s€sson.
almost never occurreaver the course of the study four children asked to stop once, but @nly on
persisted in stopping when encouraged to Dgata from these sessions were included unless analysis
indicated the participant was an outlier in terms of response total, data screening criteria are discussed
in theResults section.
This IRA task usedbrief audible tones as intervening stimuli, the arrangement of these stimuli
during the IRA task is very important and although previously discussed is briefly describhethhere

additionFigure 1is included for referencen Figure 1, a 3 link chairsidepicted; the numbers reflect
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a specific response and the letters represent a specific audibldttm@ecessaryo note that even
when the response sequence changed (as in a learning phase) the order of the audible stonuli did
change During forward chaining the participant heard a stimulus at the start of eachotmiad in
Figure 1 When the chain incremented the participant heardahseinitial stimulus toneA in
Figure 1,0nce they responded correctly they heard a second stinarie® from Figure 1 In
contrast during backwahaining the participant heatdneC from Figure lat the start of each trial
until the chain incrementedVhen the chain incrementetie participant heard a nestimulus Tone
B from Figure 1when thisstimulus was fdbwed by a correct response Tone C was encountered
again

Training sessions ancerror correction procedures This training session differed from the
other IRA tasks sessions in several wa@sly 3 response keys were available to mae 9 link
response chainFor the Forward Chaining IRA each response key contained a picture of a different
piece of fruit For the Backward Chaining IRA task each response key contained a picture of a
different animal In the absence of the error oection procedure the participants interacted with the
computer task and the investigator in the same way as previously described for the initial session
The investigator reiterated the consequences displayed by the computer and reminded the participant
to continue to engage in the task when necessary

The participants were placed in one of three groups based on when they enrolled in the study,
these groups are also depicted in Figur@articipants in Group 1 (automatic error correction,
described bew), the first participants to enroll, automatically received an error correction procedure
from the research during the ATraining Sessiono
Participants in Group 2 (contingent error correction), who enrolted ilathe study, received an

error correction procedure from the investigator only on the second day of the IRA task and only if



INCREMENTAL REPEATED ACQUISITION IN CHILDREN 37

they did not successfully emit a 2 link chain on the first researchPRyicipants in Group 3 (2 days
only, no error corretion), the last to enroll in the study, did not receive any error correction procedure
as they worked on each IRAtaskononlyoneday en t hough participants i
encounter the error correction procedure they, like participants in Graxp&rienced the training
session as a second task between the two primary IRA sessions but without intervention from the
investigator.

The error correction procedure meant the investigator interacted more with the participant
This procedure was initilglintended to modify repetitive errors, not prompt the participant to a
specific correct responsé his was done by labeling contingencies and significant stimuli and
feedback provided by the prograr@estures and physical prompting were only used edate
throughout the programrhe specific protocol for this is displayediableA8. During data
collection it became clear that many errors were a result of participant swiping at the touch screen
(like one would with a tablet or smart phone), or residag too quickly for the computer to read a
response (pushing all four buttons before the computer could display the reinforcer screen or the
blackout screen)These problems were addressed during the training session for all participants,
regardless othe experimental group they had been placed’'ms was addressed by giving the
instructions ADond6t swipe just touch the button
each time the participant displayed one of these behaviors during thiegrsgssions

Task presentation Participants worked with thievestigatoron up to5 different daydo
complete the Wechsler Preschool and Primary Scale of Intelligdntee Dimensional Change
Card Sort Task, Forward Chaining IRA and Backward @ihgilRA. The order in which
participants experienced the various elements ostilndy was flexiblebased orthe scheduling

needs of the investigator and the participaotse participants completall IRA tasksprior to



INCREMENTAL REPEATED ACQUISITION IN CHILDREN 38

starting the WPPSIlII, otherscompletel the WPPSHIII prior to starting the IRA taskThe IRA
sessions were divided so thatresearch days in a row were Forwateh@ing IRA task andio
research days in a row were Backwalthfding IRA task The order in which participants
experenced the different IRA tasks was counterbalanced across participeeaisthe end of data
collectiona decision was made to shorten the study in order to ethsustudy was completed in a
timely manner For someparticipants only three research dawas necessary, the participants only
experienced the IRA task on two occasjamse Forward Chaining IRA task and one Backward
Chaining IRA taskThe various IRA task sessions and days are depicted in Figure 2. All
participantso6 f irstsdsionreoheaah IRA task was wientical but suleseqéient
sessions varied based on the experimental group. IR&ckession lasted 5 minutesafcipants
were given the opportunity to complete up to three IRA sessions on each research day that included
the IRA task.
Data Analysis

Three primary questions requiring statistical analysis were proposed inviissigation
First, if the relationship detected by Paule (1999) between backward chaining IRA accuracy and Full
Scale 1Q would be detected againd if thisrelationshipextended to Forwardi@ining IRA The
secondif a relationship would be detected between a measure of persavétiae DCCS) and the
IRA tasksuch thathe measure of perseveration veasociatedlifferentialy with performarce on
forward and backward chainin@ hird, forward and backward chainirasks were explicitly
compared Finally, severakecondaryuestiongdevelopedased ometerminng how an error
correction proceduraffectedlRA performancethe impact of the der in which IRA tasks were
experienced and the extent of participant improvement over sesBimanalyses used to consider

these questions are discussed in this section.
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Three primarydependent measures of the IRA taskeused to ensure a comprelse/e
perspectivavas gained from #hdata: response total, chain lengttd PQ Accuracy and error totals
were alsavailableand used when they providadditional information about a specific question
The WPPSIIII Full Scale 1Qand two composite soes, Verbal 1Q and Performance, igere
included Two measures from the DCCS werged: DCCShase and DCGEgorrect

Prior toanalyses &ch of the dependent measures fromi® WPPSHII and DCCS were
examined inrelationtp a r t i ocip @emgraplsic characteristicgender, race, income,
language use and exposared reportedearning disabilies or special servicelT heseexaminatios
included research site and error correction groupeparat®neway analyses of variance (ANOVA)
were condctedfor each measure with the various socio demographic variables serving as between
subject factorsn order to detect any unexpected relationships with our measures of interests

Two additionalvariables might a#fict performance on the IRA tagskdbecame the subject of
secondary analysgdOrder of IRA Task presentation anidError Correction Group in addition a
comparison betwen the IRA Tasks and the fowrssionss madeto determine if participants
improved after the first encounter with theA task A first set ofrepeated measure analyses of
variance (RMANOVA)included allof these factorandwereconductedor total response, chain
length and PQTheseRMANOVAs included two betweersubject factors, order of IRA Task
Experence and Erro€orrection Group, as well avo within-subject factors, IRA Task (Forward
and Backward) and Session (1,2, 3 and Finadyr this and all other RMANOVAa Bonferroni
correction was applied when planned comparisons or post hoc comparisons were necessary

The main effects of Error Correction Group and Session were examidethilthrough a
series 0RMANOVAs with Error Correction @up as the first factor (betweemnibject) and Session

and IRA Task as additional factqmithin-subject) These ANOV/A were conducted separately for
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the two IRA chairtypes and for each IRA measufde use of multiple RMANOVA does make
Type 1 error a risk, but these additional tests were used for exploration not hypothesis testing of our
primary research questions.

To further develop the effect &ession in relation to IRA Taske Differencein performance
between Session 1 and Sessid®&e Equation Ayas calculated and was used in another set of
RMANOVAs. In theseRMANOVAs IRA Taskand the Order of IRA experiencesrethe only
factors entered
Equation 2Difference Value (2)
Difference Value= (Value at End Value at Beginning)

The main effect of the Order tRA Task presentation was further exaetdnwith aset of
RMANOVAs calculated for each of the IRA measur&®srthese analyses only one betweseiject
factor was entered, Order iRA Experience and one withisubject factor was entered, IRA Task.

The asociatiors between IRASession Xcombined with Session 5), Session 3 (combined
with Session 7and IRADifference ValuegSession 1 to Session Bjth participant ge, IQ and
DCCS were exaimed using a series of Pearsamrelations 1Q was used to sepate participants
into 3 groups for aANOVA conducted separatelgr Forward Chaining IRA Session 1 and
Backward Chaining IRA Session 1A regression was conductsdparately for Forward Chaining

IRA and Backward Chaining IR&ession 1 data with IQ anddZS as predictors
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Chapter 3 Results

Comparing Two IRA Tasks

Theexploratory analysesre presentefirst, before proceeding to the primary questions
proposed in this studjpue to the relative novelty of the Forward Chaining IRA taskrieisesary to
examine how the two taskempare witheach otheand how theyelate tothe procedural
manipulations controlled within th&tudy: error correctiorstrategyorder of the IRA task
presentation (forward or backward chaining fiestjl exposure to nfiiple sessionsTo form these
comparisonsdata from the&9 participantsvho experienced each IRA tasker4 sessionand who
passed datguality screening (immediately below) were us&ge Figure 2 for additional details on
the particicggant s6 experien

Pre-screening of data Prior to analysi®f anyIRA session the total number of responses
emitted was examined for outliemadparticipantsvith an abnormallyow number of responses
First each IRA task and session was screened using box plotgtliers Extreme outliers, more
than three standard deviatidmslowthe mean, were removed from further anedysRemaining
casesn which participants responded fewer than 10 times dunggessiorwere therexamined in
greater detail If these @rticipants also nevexdvanced to a twbnk chainthey were removed from
further analysis No participantswere removed for responding at a high rakegether, the screening
resulted in the removal of twaessions from twdifferentparticipants, ongith 18 and one with 3

responses
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Description of all IRA task manipulations. Thechangan response total, chaierigth and
PQ scoresor participants who completed four sessiansdisplayed inFigure 3 Thisfigure, and
subsequent analyses, makas ofdata from 29 of the 55 participants who completed all eight IRA
sessions. Participanigere groupedased orthe orderin which IRA tasks were experienced and the
Error Correction Group participants were placedTiis subsample was not randomlylseted for
placement within these groups (group placemeat based on date of enrollment @described in
detail in the methods sectionjableA9 in the appendixlisplays the mean and standard deviation of
the IRA measureshownfor each groupvithin Figure 3.

Participant age and IQ weunsed to characteriziifferencesamongthe four groups formed
(TableA10). There were no statistical differences between these four groups in either participant
ageorlQallpbs > 0.1 (fr om notdsplayedr Tha mean agd\bOpdrAcgpants was
almost a year lower for the Forward Chaining First, Automatic Error Correction participants
other groups IQ rangedamong these four grouf®m a mean of 10fio a mean ofL15 (notethatfor
thegroup witha high mean 1Q of 118nly two participants completed 1Q testjng

A direct comparison ahe Forward and Backward IRA tasks wesnducted using series of
RMANOVASs. This analysis is displayed in Tabd 1 which showsll relevant values: df, SS, MS)
anda truncated version of this tablshowing only F ang values,is displayed inTable 1 This
analysiscontainedwo within-subject factor¢Sessiorand IRA Task and tvo betweersubject
factors(Error Correction Group and the OrddrIRA Experience) The results of these analyses are
examinedn this sectiorand then broken down furthr examine thelifference between the
Forward and Backward Chaining IRA task

On the Backward Chaining IRA taskiticipants generally emitteithe most responses o

their first encounter with the IRA taslOn the Forward Chaining IRA tasksponse totals were
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unstableacrosssessions, but were generally lower in later sessiatign an IRA TaskF(3,57) =
3.98p =.012 There werdewerresponses on the Backwatthaining IRA taskcompared to the
Forward Chaining IRA task(3,57) = 3.19 =.030

Chain lengthincreasedicross IRA sessioris3 and 57 butthen decreased the inal
fi darning ession(sessiort or 8§, when a novel chain was presentg8,57) = 451 p = .007. Chain
length was higheon the second IRA task encounterdthe Error Correction Groups did not differ
on chain length in a consistent directioe.(one Error Correction group did not consistently-out
perform the other) A modest improverant in PQoccurred across IRA session8 hnd 57 but
performancel i dndét r e mai n eaming kessionk(3,57h=e6.8% #.00h Unliké thain
length PQ did not improve on the second task encountered

One notableesultwas theabsence oflifference statistically speakindyetween forward and
backward chainingvhen the participants were separated based on Error Correction Group and Order
of IRA Experiencethere was no main effect of chain tyda.order to examine the other effeofs
interest Error Correction Group, Order of IRA Experience, and Se¥sith more power the two
tasks were examined individually smmeof theadditional analyses

Error correction procedure The analysis of the error correction procedures focuses on
detemining if the approach affected performance and if the two groups can be convhse.
assessment afie right two panels dfigure 3suggestshat the error correction procedure was more
effective for Backward Chaining IRA than Forward Chaining JR#gpecially on chain length and
PQ,but thisapparentifference between the two tasks dit rise to statistiddy significant levels
when the two task&ere compared directhWhen the IRA tasks we considered separatdtyror

Correction Group was stifiot a significant main effect for either of the IRA tasks
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Although there was no main effect of Error Correction on total responses, chain length or PQ
in the first set of RMANOVASTablel and TableA11), there were interactionsitl the Order of
IRA Experiencethatsuggested further scrutiny was approprigieesponse total F (1, 19) = 9.p&
0.007, chain length F(1, 19) = 4.46- 0.048 and PQ F (1, 19) = 5.2 0.033.] When
RMANOVAs were conducted for the two IRA tasks separately (TAGER) most ofthese
interactions disappeasl The exception waForward Chaining IRAesponse totalhere theError
Correction Group interactegsignificantlywith the Order of the IRA Task (3, 63) = 4.3p = 0.049

Regardlessf whetherthe Forward ChainintRA task occurred first or secondhere
appearedo be no differential impadaif the Error Correction Proceduo@ measures of performance
(chain length and PQ) The same wasue forthe Backward Chaining IRA tasiRegardles®f when
the Backward Chaing IRA Task occurred, first or second, there was nesstatl difference
between the erroroerection procedures

There washowever, an interactiobetween ErroCorrection Group and Session chain
lengthfor the Backward Chaining IRA Task (3,8) = 3.51p = 0.020 For the Contingent Error
CorrectionGroup performancemproved(in terms of chaindngth and”Q) an the session
immediately subsequent to the errorrection procedureFor the Aitomatic Error Correction group
no improvement waagparent after the first error correction procedareerms of chain length
Modestimprovement waapparenbn PQ butwasnot statistically significantBy Session 3 the two
ErrorCor ect i on Gr oup s 6Galmpstindistmguistebievisually thedermroe Correction
Groups didhot follow the same pattern when Backward Chaining IRA occurs first or second, but as
previously noted these differenced dotrise to statistically significant levels when only Backward

Chaining IRA is considered
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Therewas, at best, a minimal imp&ecbm an error correction procedure and tin@ng of an
error-correctionprocedure; sto increase the power of further analysiata from the two Erro
Correction Goupswere combined Thiswasaccomplished by selectingth from session 1, 3, 5 and
7, sessionshatmarked poird when both groups had experienced n(@ession 1 and % one
(session 3 and Brror correction procedurd-or Session 3, 5 andon both IRA tasks the differences
between the two Error Corrémh groups were quite smgbased on visual assessmeartyl were not
statistically significant (one&vay ANOVASs not displayed, apd s > Ths wds plso true for
Session 1 on the Forward Chaining IRA tgsi € 0.1} but not for Session 1 on the Backava
Chaining IRAtask where the two Error Correctiomdaps differed on the chain lengiktained (F
(1,11) = 9.44 = 0.012) Still; in subsequent analyses of Session 1 3, 5 & 7 the Error Correction
groups were combined

Performance inmultiple IRA sssions Therewas a significant main effeof sessionn the
first setof RMANOVASs calculated (Table &nd TableA11)for response total, chain length and.PQ
Performance on the IRA Tasks generally improved over sessgession also interacted wigtror
Correction Group and Order of Experience, but these interactions were for response total only, not
chain length or PQWhen the two IRA tasks were examined separately (TAbR) the pattern of
significant interactions with Session was minimizegsion affectednly response total on the
Forward Chaining IRA tasiig 4, top. As previously noted, although somewhat errdtie
response totadhowed a downward trerayer sessiond; (3,63) = 3.9% = 0.012 andwas lower on
the Backward ChainindRA Task,F (3, 63) = 4.4% = 0.007

Although the two IRA tasks did not statistically differ from each other in a direct comparison
(Tablel, or TableA11l and Figure % when analyzed separatetiie improvement in performance

was not the same for the GWRA tasks For Forward Chaining IRASession remaada significant
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main effecton chain lengthF(3,63) = 4.23 = 0.009]and PQF(3,63) = 5.76 = 0.002]both

improved acrosde three performance sessioimscontraston the Baclvard Chaining IRA &sk

Session wanot a significant main effect for response total or chain lerflgfhdidimproveacross

the three performance sessions but didndot remai
middle and bottom), F (3, 69) = 2.8G= 0.046).

The Difference betweeession 1 and 3 and between Session 5 and 7 were cal¢Sle¢ed
Formula 2 in the DatAnalysissection) This formula yieldechegativevalues for some individugls
which represent a decline in performance between Session 1 ande8yveeib Session 5 and 7
When the participants are considered as a gralgekne is only visible in the response total between
Session 5 and 7The means and standard deviations ofDifeerence Valuesre displayed in Table
A13. For all measures themwas wide variability in the change inrfigmance between the sessions
as evidenca by the extreme range and high standard deviations

A series of RMANOV A on the Difference valugith the Orderof IRA Experience as a
betweenrsubjectfactor and IRA Tas as a withirsubjectfactor is displayed in Tabl&14. The two
tasks differed in tens of change in response tdia(1,23) = 6.96 = 0.015]chain lengtHF (1,23) =
8.67p=0.007] and PQ [ F(1,23) = 4.92 p = 0.03Response rate increased mozkative to the
initial valuefor Forward Chaining IRA than Backward Chaining IR8hain length also increased
more between the sessions for Forward Chaining IRRiAe Order of IRA Experience was nat
statistically significantain effect on the change amy d the dependent measurebhere vasalso
no significant interaction between teder of the IRA Experience and tHeA Taskon the change
in any of the dependent measures

Effect of the ader in whichIRA chain types werexperienced Participants weg sem

randomly assigne(hs described in the methods sectitangxperience either Forward or Backward
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Chaining IRA first Order of IRA Experience interacted with theror Correction Group(discussed
in the Error Correction sectioandIRA Taskonchan length F {,19 = 4.74p = 0.042 The
interactions between Order of IRA Task and Error Correction Grarpexploredin the previous
section An investigation of the interaction between Order of IRA Task and IRA fhédiskvs.

To further examine thimteraction between Order of IRA Task and the IRA Task a new set of
RMANOVAs wasconducted for the selected sessions only (1, 3, % @&d with the Error
Correction Groups combined heresultsaredisplayed in Table.2There was a main effect ofder
of IRA Experienceon PQ [F (1, 23) =1.20p = 0.049, but notonresponse total or chain lengtm
Figure4 it is clear that the group that started on the Backward ChalRih@ &sk had lower PQ
scores on &ssions Bnd 3, but higher PQ scores agsSiors 5 and 7during which they experienced
Forward Chaining In this analysis the IRA dsks did differ from each othay statistically
significant levels for all three IRA measuressponse total F (1, 23) = 13.42 0.001, chain length
F (1, 23) =5.71p=0.025 and PQF (1, 23) = 5.2 = 0.032 Visual inspection of Figuré makes
clear that for the sessions selected (1, 3, 5) &hen Error Correction Groups veecombined, it wa
not the order of the IRA tasks which mattersstbut the IRA task itslf. For both of the
performance measures (chain length and PQ) individuals performed better on the Forward Chaining
IRA task regardless of what order they experienced the tasKdis is different from the earlier
results when all independent variebland sessions were includadd IRA chain type did not appear
to differentially impact the results

Comparison offorward and backward kaining IRA. When only sessions 1, 3a5d7 were
considerednd the Error Correction Groups were combijmdtidpantsconsistentlyperformed
better m the Forward Chaining IRA Taskhether it came first or seconth addition participants

improved more between the selected sessions on the Forward Chaining IRA Task than the Backward
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Chaining IRA Task The error orrection procedures were more effective for the Backward Chaining
IRA Task than the Forward Chaining IRA Tasbt this difference didot rise to statistically
detectable levels

Thedifferences irperformanceneasuredetween the two IRA tasks could agributedthe
widely different(statistically significantyesponse totals emitted by participaonshetwo tasks
themselves Analyses thus far have not made use of raw measure of IRA perforrsanheys error
total. In Figure 8he error total is jutaposed with the response totals for each sesEiw@re were no
statistical differences between the two IRA tasks on Error Total (from RMANOVA not displayed).
For each IRA taskhere was a decrease in errors between the selected sessions. For thé Forwa
Chaining IRA task there is a corresponding increase in respdnsestrast for Backward Chaining
IRA responses decreasespection of Figure 4 also shewhat response total did not increase
between sessions on therward hainingIRA taskthe same way when forward chaining was
encountered seconthis difference didd rise to statistally significant levelsand is probably a
reflection of uncontrolled group differenc@sis differencedidnd affectthe increase inesponse
total seen in Figure 5 when all participants were combined.

To further examine these differencesRMANOVA of percent errors was conducted, and
didn& reveal any new information in regard to the error correction procedure and the order of IRA
task. When these groups wemaittedfrom analysighetwo IRA taskswere not statistically different
from each othr; only session remained a significant variable vpidinticipantshaving asignificantly
lower error percentagen Forward Chaining IRA session483% vs > 53% orsesion 1 ad both
sessions othe Backward Chaining IRA takk (1,24) =30.44 p = 0.00Q

Correlationbetween measures of Forward and Backward Chaining WR#alyses thus far

have focused on the differenoetween th two IRA Tasks but not looked for similarities between the
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twotasks To det er mi ne pefformance afforwiard\and Baclkwardr&ininglRA

were related, intecorrelations werealculated TableA15). These calculations ihaded five

measurs of the IRA task: response total, error total, chain length, acGir@cy he Difference
Values for response total, chain length and PQ were also correlatétkse calculations participants
in Group 3 (truncated exposure to IRA task) were includegihwter possibleThe error correction
groups were combined and the sample was not divided based on the order the IRA tasks were
experienced in There were no statistically significant correlati@mongany of the IRA measures
for the session and>5 (al r 6 s. Tke tWo.IRAGakks onlgorrelated on one of the measures for
Difference Values, response totat 0.539p = 0.005.

Association between IRA tasks and age, 1Q and DCC®ares

Description of WPPSI-III . Forty-six participants completed tH® testing, hemean Full
Scale Composite score for the ensemplewas@=10322SD = 12.43 (range 7833). The Verba
Composite for the sampleas® =10326 SD = 13.285, and the Performan€omposite for the

samplewas®=100.43SD = 13.55 A description of the WPE-III scoress located in Tablé\16.
Several onavay ANOVAs were conducteith order to examine the WPR8I scores and the
demographic characteristio$ participantsThese analysaacluded gender, race, income, language
use and exposure, learning disabilities or special service reported, reseaanl siter correction
group No significant effects o WPPSHIII scores were detected based on race, income, language use
and exposure, or learning disabilities or special services repdktedffect did exist for gender,
research site and error cortiect group on the Verbal IQThese differenceserealso displayedan
TableA16.

Females obtainekigher Verbal IQscoreghan malesF(1, 45) = 5.04@ = 0.03 Research

location alsowvas related t&/erbal 1Q F(5, 45) = 2.854¢ = 0.027 Post hoc testig reveald children
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at Location B (n = 1)youtperbrmed those at Location C (n =)1éh the Verbal IQ This may be

related to the diffeent participant makep of the two locationsA review of the demographic

information shows that the sample from Lboa C was more likely to be male (9 of 13 participants)

and come from a lower income background (11 of 13 participants reported an family income less than
$50,000) compared to Location B (5 of 17 participants were male, 6 of 17 reported a family income
less than $50,000)

Dimensional Change Card Sort task Fifty three participants completed the DCCS task
For DCCScorrect responsdbased on phase criteyidnere was mean df2 and a responsangeof
0-23. DCCSphase was a categorical varial8é6 of participants did not pass the first phase, 32% of
participants passed the first phase, 30% of participants passed the first two plessegptions of
the DCCSmeasures are located in Tabl&7.

The DCCS measures were examined using the same demiograpables as the WPP-8I :
gender, race, income, language use and exposure, learning disabilities or special service reported,
research site and error correction grodipere were no significant effects for any of the participant
characteristics examed these ANOVAs were natisplayed

Correlationsbetween participant age atite DCCSwere expectednd found For DCCS
phasethe correlation with age waig53) = 0.5230 = 0.000 and>CCScorrect also positively
correlated with age (53) = 0.5340 < 0.00Q The DCCSwas also compared to the WPRBI For
all three WPPSIII componentshere were no significant correlations with DCCS measuréss
lack of correlations was true regardless of the DCCS measure husgel cbrrelation values are
availablein TableA17.

IRA task The investigation of the associations between the IRA Tasttage, 1Q and

DCCS scores generally focused on data from sessiand (referredto together in this section as
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Session 1) Sessions 3 and(referred to togéter in this section as Sessioyw&re alseexamined
Thesedata vwerenot divided based on error correction group or the order the IRA Tasks were
experiencedthe two error correction groups were combined, and data from Session {cand 5

Session 3 and)ivas combined for each IRA taskhe nean, SD and Range of eaéA task is

presented in Tabla18. Like the WHPSHIII and the DCCSIRA measures were subjected to

exploration via means testing on several participant characteristics: gender, race, inocgomage

use and exposure, learning disabilities or special service reported, research site and error correction
group.

For the Forward Chaining IRA Task (n=52) there were no significant effects for any of the
participant characteristics examined foy af the Forward Chaining IRA measws€ANOVAS not
reported) For Backward Chaining IRA (n=533n effect was found for the language exposure
characteristic The descriptive information for this relationship is also displagetableA18. A
participanés language exposurelated tawo measures of Backward Chaining IRA¢curacy F(2,
50) = 3.8660 = 0.027 and PQ F(2, 50) = 4.4B& 0.017 Post hoc analysis indicated that for
accuracy and PQarticipants with exposure to Spanish in the home or whe weorted to be fluent
in Spanistout-performed those who spoke only English

Forward chaining IRA task Session 1 Correltions were calculateaimongfive measures of
the IRA Task and participant age, the DCCS and the WARP&bmposite scoresThesecorreldions
were displayed in Tableahd wee graphically depicted in Figure 6Age was positively and
significantly correlated with the number of responses emiittés?) = 0.27% = 0.046]and the PQ
scorer (52) = 0.275 = 0.049 Both measuresfahe DCCSpositivelycorrelated with the number of
responses emitted (51) = 0.362 = 0.009r (51) = 0.338 = 0.013. Two of the WPPSIII

composite measureBull Scale IQ and Performance,l@erepositivelycorrelated with the number
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of errorscommitted: r (44) = 0.3130 = 0.039,r (44) = 0.391p = 0.008respectively Severahon
significantnegative correl@onswere notedetween Verbal IQ and the various measures of the IRA
task responsedtalr (44) =-0.177, chainéngthr (44) =-0.101 andaccuracyr (44) =-0.264.

Correlations were also calculated amongriwe WIPPSHII subtests and the Forward
Chaining IRA measures. These correlations were run separately for the two WIPPSI age greups; 2:6
3:11 and 4:0&7:3. There were no significant elations withthe measures of IRA performance,
chain length and PQor either of the age groupSor the younger age groupsponse total and error
total did correlate with Block Design (9) = 0.724p = 0.028,r (9) = 0.727p = 0.027] Information(r
(9) =0.729=0.026,r (9) =0.793p = 0.011] ObjectAssembly r (9) = 0.711p=0.032r (9) =
0.721p=0.028]

Backward chaining IRA task 8ssion 1 Correlations were calculated between the five
measures of the IRA Task and participant age, tBE€H and the WPPSII composite scoresThese
correktions were displayed in Tableathd ae graphically depicted in Figure Age was correlated
with the number of responses emitte@3) = 0.510 = 0.000 Neither of the DCCS measures
correlated wih any of the IRA task measureBoth Full Scale 1Q and Performance pQsitively
correlated with the error total (45) =0.362p = 0.013 r (45) = 0.378 = 0.010respectively In
addition Performance 1Q also correlated with the number of responsgsdenm@5) =0.365p =
0.013

Correlations were also calculated among the raw WIRIPSlibtests and the Backward
Chaining IRA measures. These correlations were run separately for the two WIPPSI age greups; 2:6
3:11 and 4:0&7:3. For the younger grpucorrelations only existed between response total and Block
Design [ (10) = 0.65% = 0.04], Information{ (10) = 0.63% = 0.047], and Object Assembly ([10)

= 0.844p = 0.002].Among the older groughtre was one significant correlations with a measof
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IRA performance, PQ and the Vocabulary subtest relatedr (39) = 0.316p = 0.05. Thee were

also significant correlations between response total and Bloag)dsformation, Matrix

(@)
(72}

Reasoning, Vocabulary, and Coding (all r

Forward chaining IRA task ®ssions3. Correlations were calculated betwede five
measures of the IRAsk and participant age, the DCCS and the WRIPSbmposite scoresThese
correlatons ae displayed in Table A19Although these correlations come fr@ensmaller saple
than those calculated foeSsion 1many of the correlationsalculated were stronger

For Session 3participant ge showed @ositive correlation with alForward ChainindRA
measurefn=28,allro6 s > pdF7 ,< edepllerdritotal Full scale IQ and Performance IQ
were not associated with any of iiRA measuresVerbal IQ showed several strong negative
correlations with the Forward Chaining IRA sessiané&asures: response totgP3) =-0.544p =
0.007 chain lengthr (23)=-0.447p = 0.032and PQ [ (23)=-0.436p = 0.038 Both of the DCCS
measures were positively correlated with the number of responses em{28yH 0.400p = 0.035 r
(28) = 0.394 = 0.038 and thelRA PQ r (28) = 0.393=0.039 r (28) =0.422p = 0.025

The differencébetween 8ssion 1 and 3 was also examined in relation to\&§RSHII and
DCCS Participant age was significantly correlated with the number of responses em{&éjdq
0.716 p = 0.000] chain length [ (26) = 0.601p = 0.00] and PQ f (28) = 0540p = 0.M4]. The
only other significant correlation existed between Verbal IQ and response {@Bl=-0537p =
0.012

Backward chaining IRA task 8ssions 3 Correlations were calculatesnongthe five
measures of #IRA Task and participant age, the DCCS and the WHRPSbmposite scoresThese

correlatons were displayed in Tabh0.
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For session 3 participant age was correlated with the number of responses e2&gd
0.643p = 0.000 Verbal IQwas negavely correlated with the number of responses emitt¢a4) =
-0.460p = 0.024 Performance IQ was correlated with accuragg4) = 0.529% = 0.008 Both of
the DCCS measures were correlated with the number of responses:an@®d- 0.438 =0.018 r
(29) = 0.37% = 0.043 In addition the DCCS @rect was correlated with the total number of efrors
r (29) = 0.368 = 0.049.

Thedifferencebetween session 1 and 3 was also examined in relation to age, \WMP& I
DCCS Participant age was piiively correlated with the number of responses emittézb) =
0.490p = 0.007 Negative correlations existed betwdan| Scale 1Q and response total [r 924) =
0.414 p = 0.044] and betwedferbal IQ and response tofal(24) =-0.636p = 0.001] Both of the
DCCS measures were correlated with the number of responses en{@@d= 0.40%9 = 0.8, r
(29) = 0.378=10.043

Regression ofSessionl IRA. A linear regression was conducted separately for each of the
IRA tasks Two independent vaables were used; Full Scale IQ and DCCS Phabe dependent
variable wasRA PQfrom Sessionl. For both chain types gdive skewness was detected in B@:
Forward Chaining IRAQhad askewnesstatistical value of 1.834 and a standard errd). 830,
Backward Chaining IRA PQad a skewnesslue of 2.210 with atandard error 00.327. The PQ
measure for both chain typemssubgcted to a bg 10 transformation due to the lack of normality
In both cases this eliminated extreme outliérke vale for Forward Chaining IR®RQskewness
statistic was reduced to 1.208andard or of 0.330 Backward Chaining IRAQhad a skewness

statistic of 1.20, standardreor of 0.327.
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Theregression for a Log10 Forward Chaining IR® was not significant,(E, 41) = 1120p
=0.336 The regression for Log10 Backward Chaining IRQ was not significant, F (2, 43)0:548

p=0582 The values for B, StandBble2lError and Db wer ¢
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Chapter 4 Discussion

The current work makes two wel contributions to théteraturedescribing théRA
procedure in humansThe first is the comparison of two methods of chain dgwelent forward and
backward chainingSecondthis study represents the first attempt at examining a true Incremental
RepeatedAcquisitionprocedurewnith children as opposedta nin ér e ment al acqui si ti c
(Baldwin et al., 2012) or single encounter with the IRA taSk equal importancehe study provides
an expansiownf previous workregarding the association beevelQ, age and performance on a
backward chaining IRA taskThis additioncomes from the inclusion gbunger participants and a
measure of executive function, the DCCS a card sortwdskh canreveal perseverative tendencies

Differences were detéad between the twiRA tasks forward and backward chaining
Participants performed better (longer chain lengths, higher PQ scores) on the Forward Chaining IRA
Task tharthe Backward Chaining IRA&sk They also improved more on the fa@rd Chaining
IRA Task between Sessions 1 and 3 @sstons 5 and 7)The Forward Chaining IRATaskalso
appears to have maintained a higher response rate based on the responSapetads performance
on the Forward Chaining IRA task was consistent with previoysufulished) studies with college
students, but still a surpriggventhel i t er at ure doesndét support a str

between the two task§he difference in performance on the two IRA tasies/be relatedo the
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differentpossiblerolesthe discriminate stimuli play in Forward an@ackward Chaining IRAbut
this study was not designeddeterminethis difference specifically.

For the Forward Chaining IRA Tasgerformance improved across the three performance
sessions ahthis impovement was observed for both Error Correctiooups (theséwo groups
were almost indistinguishable on most measures of the Forward Chaining IRA Pastgrmance
on the Backward Chaining IRA Task appears to have been helped more by tl@rection
procedures, but this effect was sublieprovement on the Backward Chaining IRA task, although
presenin some measurewasless dramatic In addition it appeared that when the error correction
procedure was delayed and contingent on gr&formance it had a greater impact on Backward
Chaining IRA Task performana®mmpared t@n error correction procedure that occurred
automatically and early in the investigation

The inclwsion ofmultiple IRA sessions did show that IRA performamoeroved after the
first encounterand this was true for both forward and backward chahtthough this
implementatiorwas noveljt is necessaryo point out hat the multiple meases occurred during
whatisc al | ed a phasmr fwhreman d danee wasenoeunteredgluring each session
This is still a departure frormdRA task as typically administered withmostanimallaboratories
where & animal encountersfal e a r n i ,@gew pelquerceeach sessidimfortunately the
lengthofthestdy di dndt atingthelRA tdskuntil steaeytate performance could be
observed on the tasind the first encounter with the IRA task was still used to answer many of the
research questions of interest within this studg notedby Baldwin @012) the logistical challenges
of measuring the IRA task multiple times in humans are a real barrier to using the task more
extensively with humansin addition the retrospective inclusion of the error correction procedure

limited the value of some of¢hlRA data that was collected
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Paule and colleagues (1999) first noted the correlation between a backward chaining IRA task
and IQ This relationship was furthelescribedn a study published bgaldwin (2012) This newer
work confirmed that both agend IQaccountfoa c hi | d 6 s atda backwarg chaimingc o mp | e
IRA task by comparing participants of various IQ levalsppposed to using correlationsaken
together this worlshowedthat, for children between 4 and 8 yeaascuracy on the IRAask
increases with agé>aule, Forrester et al., 1990bh children 6 years of age there was a significant
correlation between accuracy on the IRA task and full scale 1Q scores (Paule, et al, B9)d wi n 0 s
work (2012) encompassed children betweem& 13 years and evaluated variables beyond response
rate and accuracy to provide a more nuanced picture of IRA perform@peeifically Percent Task
Completeincreased with age and 1Q; by aggeirs of agehigh 1Q participants were no longer
distingushable fromparticipants within thaverage 1Q groupLow IQ participants remained
distinguishable until age 1A similar pattern was found for Memory Response Accuracy with
di fferences between the | Q figr.Resposéchaniascargtcyp ear i n
also increased with age and 1Q, but the effects of IQ did not diminish with age

The findings of the current study arere complex The current study failed to find a
statisticallysignificant positivecorrelation between accuraay (@ny other measure of performance
such as chain length or P@)d Full Scale I@n either of the IRA taski®r daf from Sssionl for
participants on the lower end of the age ranfjee ®ssion 1 data also yieldedanticipated positive
correlations beveen 1Q and the error total on both IRA tasksespite this there was a significant
positive correlation betwee®ession Forward Chaining IRA PQ and participant adger both
tasks age positively correlated with the Session 1 response thtg andiQ appear to relate to
performance on the IRA task in different ways. In this case, as age increased so did responses, but for

children with a higher 1 Q error totals were ele
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Afexpl or ed o, attdngingtmare kovehmesporse variations in an effort to obtain a correct
response

The Session 3 dataeneeven less supportive of a relationship between IRA and§)
Session 3ForwardChaining IRA there wersignificant negative correlations betweearlal IQ and
response total, chainlengthand.AQt i s not <c¢cl ear why a high Verba
performance of an IRA task, or why it might even be detrimental to performance of an IRA task
There was also a negative correlation betwéeral IQ andthe number of responses emitted and
Session 3 Backward Chaining IRAIN the Session 3 data we begin to see divergencesbatthe
two IRA Tasks,Forward Chaining IRA xhibitedstrong positive correlations with participant age
the BackwardChaining IRA the respongetal was the only IRA measuteat correlated with
participant age Again itis ndable that for Session 3 the correlations between |Qeaiod total were
positive,but for the difference between the IRA sessions there igatime correlation between 1Q
and error total indicating high IQ participants reduced the number of errors more between.sessions

The data from this investigatiamly weakly emulaté the expected connections between
Backward Gaining IRA, 1Q and ageAlthough he current study was newvintended as a replication
of Paule (1988b, 1990b, 1999) and Baldivg012) work the differencesetween the investigations
areworthy of consideratianLike previous workperformance on the firencounter with afRA
task was better for older participarsit reither of the IRA tasks correlated with 1Q in a meaningful
wayin the age groups studied hei@iven the apparent lack of correlations our discussion turns to
procedural differencdsetween the two IRA taskbat might help explain thdifferernt results

Theinclusion of children under 4 years of age in a stindyincluded IQ as a variable
represents a departurem earlier work on the IRA taskut earlier work indicated that 1Q

differences were most proneeed in younger childrenStill, the relationof age on the various IRA
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measures was in the direction expectdthoughit was notalwaysstrong with the IRA measures this
paper has deemed most descriptive of the table selection of measures apprapgito describe the
IRA task can be difficuland can be affected by relatively minor procedural differences between
various IRA tasks

The IRA task used by Paule ahid colleague$1988b, 1998, 1999)has a constrained
number of reinforcer3 at eachevel of a 6 link chain for a total of J&nd a less stringent
advancement critevn between response chairlghis contrasts sharply with the design of the IRA
task in the current project where consecutive corregtaeses werrequied to advance thrgh the
chainand thus the number of reinforcers available throughout the task is unlirRede and his
colleagues (1988b, 1990b, 1999) useldtively few measuresf IRA in early work general
accuracy, percent task complete (based on the # of reémfoobtained which was constrained at each
chain length) and response rate later work by the group Baldwin (2012) added various measures
of accuracy based on different types of responses in order to produce a more comprehensive picture
of respondingvithin the IRA taskand these wergensitive to the IQ grouping#\s previously
discussedverallaccuracy is not a good choice for a direct comparison of the two IRA chain types
when there is a mastery criteridot it was calculated and used duringlgsia in this project, and
was not correlated with either age orftg either chain type ithis study In the current work the PQ
is favored progress quotient developed by Bgil Johnson and Newland2010 because it is more
sensitive than accuraty the differences in chain lengtbrovided the participant progresses beyond
aonelinkresponsechalBecause many participants in this st
t here appearr seftfoe chtebexamimedinit aBo@ responsehain isthe shortest
chainpossibleand there is no restriction of range upwardxkingthis apparent floor effect

informativein regards to the difficulty of the tasik his paper als usedresponsedtal anderror total
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as raw measures of the IRA task but because responses are unconstrained these measures must be
interpreted carefully

As noted earlier, high IQ participanactually incurred more errattsan lower 1Q participants.
This may be relatetb the fact that they emitted more responses in ge(atabugh the correlation
with response total was not significarit)is also possible that increased behavior within the task
brought participants into contact with errors moegtrently. Emitting an error and experiencing the
associated contingencisbapes behaviors effectively within the task as structured in this
investigationChain length is also routinely used througha analysis in this papeghe maximum
chain length attained by a participant during the first IRA entauor both chain types wadlifiks
indicating sufficient rangbut very fewparticipantexceede@ 2link response chainThis was a
surprise given that Paule (1988b, 1990b, 1999) and Baldwin (2012) reported concerns with a ceiling
effect in terms of the length of the chain available to their participants

Procedural differences unrelated to measent are also possible sources of divergence
between this work and the previous findingis the current task each IRA session lasted for 5
minutes as opposed to the 15 minute session used by(RP88&b, 1990b, 199%nd Baldwin
(2012) Initially this study attempted to use a 10 minute session for some of the IRA encounters, but
it was quickly determined that fdine youngechildrenwithin this age range 10 minutes was too long
and the session was shortened to apaidicipants abandamg the task Another dfference is the
style and extendf instructions given to children participatintn the studies by Paule (1988b, 1990b,
1999) and Baldwin (2012) a video was developed to nibeetiaskior the participantthe video
include detailed instructies about the various stimydresented throughout the tasRur participants
received extremely minimal instructions prior to the stéthe first IRA encountein order to

minimize language comprehension as a source of variamer during the errorerection phase the
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goal was to prevent repetitive errors, not identify or clarify the rules of the task for the tmildis
project an error reset the chaenreinforce could never be obtainedn | ess an fAerrorl ess
chaino wasmPpudeuaed Bal dwinbés various studies a
reinforce could be earad when/if the correct respons@s eventually selectedifferences like this
suggest that the procedures selected for the current iteration of the KRAiggs$ beso stringent that
they hold even high 1Q participants to artificially low levels of performar@ealternatvely, the
behavior based advancement criterion deve{opsupportsstronger performance in low 1Q
participants by shaping the resges within the chain
Another unique contribution made by this study was the inclusion of the DCCS, a card sort
task that measures executive function and capturedetredopment in a chifig ability to shift
through the sets on this tasks expected the DCS measures showed strong positive correlations
with agebut did not correlate with I{yuggesting that thesasksmeasure independent constructs
The DCCS di with&drwaacandBackwarl Cleaining IRA in the same wanpr did it
correlate with Sessn 1 and Session 3 in the same whySession 1 there was a positive correlation
between the DCCS and response total for Forward Chaining IiRéontrast the DCCS correlated
with both the response total and PQ for Session 3 Forward ChainingDBESdi dndét corr el a
with measures of performance for Backward Chaining IRA on either session, only response total and
error total For the DCCS task a high score can be interpreted as an indication of low levels of
perseverationParticipants who performeslell on the Forward Chaining IRA tasitsoperformed
well on the DCCSbut the same relationship was not observed for Backward ChainingTRiA is
somewhat surprising as high levels of perseveratam performance on the DCCS) wasgpected
to be paricularly detrimental to performance on the Backward Chaining IRA task and relatively

unrelated to the Forward Chaining IRA tagBiven the outcome ithereverse of what is expected



INCREMENTAL REPEATED ACQUISITION IN CHILDREN 63

it 6s p othesDCBIMht notcapture the form of perseveratitheorized to be important
withinthe IRAtask For i nstance the DCCS measures inabi
are frequentthis might not be the same kind of switching that takes mladeg the IRA task The
computerizedRA taskemphast e s t h e m@lality toiswdtchprachanhge a response based on
automated feedback after a response rather than verbal instrymtmr s a response

The final element of this study was the regression analysis of the first IRA session, intended
clearly describ¢he relationship between 1Q and the DCCS task for each of the IRA chain types
independently For both chain types the combination of IQ and DCCS accounted for a strikingly
small portion of varianceDue to the small sample sjzgtempts at building a model using multiple
variables were omitted

The results of this study point to the need for additional work to clarify the relationship
between the IRA task and IQ-uture research might productively focus on the many procedural
differences betweethis study anekarly work that identified atrong relationship with IQy Paule
(1988b, 1990b, 1999) and Baldwin (201 BDeterminingwhich of these differences, if argontribute
to the different relationship wittQ would help inform thelecisions of futurénvestigatos. Despite
the logistical challenges more information about how IQ relates to an ongoing IRA task would also
be interesting This is particularly true given the widespread use of the IRA task in animal labs as a
correlateof human learning and intelligence; in animal labs the procedure is designed and used
repeatedly In addition comparing the IRA task to alteative measures of executive functisauld

be interesting

t
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Tables
Table 1
Repeated Measure ANOVA afl relevant IRA factors; for Response Total, Chain Length and PQ.
Effect Response Chain PQ
Total Length
F p F p F P
BetweenSubject
Order of IRA Experience 0.18 0.681 042 0525 055 0.468
Error Correction Group 041 0532 138 0255 135 0.260
Order of IRA Experience * Error Correction Group 9.08 0.007* 4.46 0.048* 532 0.033*
Within-Subject
IRA Task 6.88 0.017* 291 0.155 0.87 0.362
IRA Task * Order of IRA Experience 044 0514 474 0.042* 4.01 0.060
IRA Task * Error Correction Group 009 0.763 0.18 0.674 0.70 0.415
IRA Task * Order of IRA Experience * Error Correction 0620 0441 0.69 0.415 0.21 0.650
Group
Session 398 0012 451 0.007* 6.85 0.001*
Session * Order of Experience 3.58 0.019* 0.75 0529 0.63 0.598
Session * Error Coection Group 081 0491 217 0101 221 0.097
Session * Order of Experience * Error Correction Group 1.85 0149 104 0380 1.15 0337
IRA Task * Session 3.19 0.030* 258 0.063 249 0.069
IRA Task * Session * Order of Experience 432 0.008* 147 0233 173 0.171
IRA Task * Session * Error Correction Group 0220 0.882 018 0912 037 0.779
0.098 0.961 0.17 0.914 0.08 0.969

IRA Task * Session * Order of Experience * Error
Correction Group

Notes:Table All is a expanded version of this taltleatshows d, Sum of Squares and Mean Square

Error.
* Indicatesp < .05** Indicatesp < .01
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Table2
RMANOVA of Chain Type when Error Correction Group is remgwv&gkssions 1, 3,&nd7 only.
Df SS MS F p
Response BetweenSubject
Total
Order of RA Experience 1 4690.00 4690.00 2.434 0.132
Error 23 44318.61 1926.90
Within-Subject
IRA Task 1 7516.85 7516.85 13.22 0.001*
IRA Task * Order of IRA Experience 1 1980.27 1980.27 3.48 0.075
Error 23 13079.50 568.67
Session 1 140.81 140.81 0.311 0.582
Session * Order of IRA Experience 1 215 2.15 0.005 0.946
Error 23 10416.10 452.87
IRA Task * Session 1 102292 102292 6.96 0.015*
IRA Task * Session * Order of IRA 1 27280 27280 1.86 0.186
Experience
Error 23 3381.03 147.00
Chain Length BetweenSubject
Order of IRA Experience 1 1.87 1.87 0.43 0.519
Error 23 99.97 4.35
Within-Subject
IRA Task 1 10.13 10.13 571 0.025*
IRA Task * Order of IRA Experience 1 1213 12.13 6.84 0.015*
Error 23 40.83 1.78
Session 1 9.00 9.00 10.90 0.003*
Session * Order of IRA Experience 1 0.36 .036 0.44 0.516
Error 23 19.00 0.83
IRA Task * Session 1 5.12 5.21 8.67 0.007*
IRA Task * Session * Order of IRA 1 0.17 0.17 0.29 0.596
Experience
Error 23 13.83 0.60
PQ BetweenSubject
Order of IRA Experience 1 1.09 1.09 1.20 0.049*
Error 23 21.05 0.92
Within-Subject
IRA Task 1 177 1.77 5.22 0.032*
IRA Task * Order of IRA Experience 1 3.01 3.01 8.85 0.007*
Error 23 7.81 0.34
Session 1 3.66 3.66 16.43 0.000*
Session * Order of IRA Experience 1 0.02 0.02 0.093 0.763
Error 23 5.12 0.22
IRA Task * Session 1 1.02 1.02 492 0.037*
IRA Task * Session * Order of IRA 1 0.02 0.02 0.09 0.763
Experience
Error 23 4.78 0.21
Notes:

* Indicatesp < .05
** Indicatesp < .01
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Table 3
Correlations betweeRorward Chaining IRA TasEession combined with session 5) adde,
IQ and DCCS
Age in Full Scale IQ Verbal 1Q Performance IQ DCCS DCCS Correct
Months Composite Score Composite Score ~ Composite Phase by Phase Criteria
Score
Response Tota 0.279* 0.120 -0.177 0.236 0.362** 0.338*
Error Total 0.011 0.313* 0.101 0.300* 0.111 0.046
Chain Length 0.216 0.003 -0.149 0.089 0.218 0.238
Accuracy 0.252 -0.163 -0.264 -0.025 0.213 0.249
PQ 0.275* 0.060 0.093 0.173 0.214 0.258

Notes: Age n=52,1Q n =44, DCCS n =51
* Indicatesp < .05
** Indicatesp < .01

Table 4
Correlations between Backward Chaining IRA Task Session 1 (combined with session 5) ar
IQ and DCCS

Age in Full Scale IQ Verbal 1Q Performance IQ DCCS DCCS Correct

Months Conposite Composite ~ Composite Score  Phase

Score Score

Response 0.510** 0.269 -0.025 0.365* 0.160 0.122
Total
Error Total 0.239 0.362* 0.112 0.378** 0.104 0.101
Chain Length 0.117 -0.101 -0.077 -0.169 -0.077 -0.068
Accuracy 0.229 -0.092 -0.153 0.012 0.043 0.002
PQ 0.239 -0.041 -0.029 -0.060 -0.034 -0.043

Notes: Age n =53, 1Q n =46, DCCS n = 53
* Indicatesp < .05
** Indicatesp < .01
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Figures
Forward Chaining | Backward Chaining ' H
Al €3
A182 B2¢3
A182¢3 A1B2¢3 H _ I

Figure 1. Stimulus Arrangement within a Forward &ackward Chaining IRA Task.

On the right you see a response panel where each response key is [@petleeleft you see a 3 link chain develop
from the response keys on the rightlote thatthe location of the stimuli (A, Bnd C) is not relatedtthe specific
response key required but to the location in the response chain
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Group 1: Automatic Error Correction n=151

Day1

SESSION 1 Training Session SESSION 2
5 Minutes Automatic Error Correction from Performance
Forward Sequences: Researcher 5/ 10 Minutes 2
_> 431242134 5 Minutes Forward Sequence:
OR Forward Sequence; 231312 123 431242 134
Backward Sequences: OR — OR
234 141 432 Backward Sequence: 321213 132 Backward Sequence:
234 141 432

Day 2

SESSION 3 Training Session FINAL SE.SSION
Perfo_rmance Automatic Error Correction from Learr?mg .
5 Minutes Researcher 5 /10 Minutes
Forward Sequence: 5 Minutes Forward Sequence:
431242134 Forward Sequence: 231312123 324121423
OR OR OR
Backward Sequence: Backward Sequence: 321213 132 Backward Sequence:
234141432 143 212 341

Start Second Task

Group 2: Contingent Error Correction n = 141

Day 1

SESSION 1 Training Session SESSION 2
5 Minutes No Correction from Researcher Performance
Forward Sequence: 5 Minutes 5/10 Minutes 2

431242 134 Forward Sequence: 231 312123 Forward Sequence:

OR OR - 431242134

Backward Sequence: Backward Sequence: 321213 132 OR

234141 432 Backward Sequence:

234141432

Day 2
Training Session SESSION 3 FINAL SESSION
Contingent Error Correction from Performance Learning
Researcher 5 Minutes 5/ 10 Minutes ?
5 Minutes Forward Sequence: Forward Sequence:
Forward Sequence: 231312123 431242 134 324121423
OR OR OR
Backward Sequence: 321213 132 Backward Sequence: Backward Sequence:
234 141432

143 212 341

Start Second Tasl

Group 3: 2 Days Only; No Error Correction n = 25

Day 1

SESSION 2
Performance/Learning 3

SESSION 1
5 Minutes

Training Session
No Error Correction from

R h 5 minutes
Forward Sequence: :::_a": er Forward Sequence:
431242 134 inutes 324121423
OR Forward Sequence: 231312123 __| oR
Backward Sequence OR Backward Sequence:

234141 432 Backward Sequence: 321213 132

143 212 341

Statt Secomn Task

Participants experienced the IRA
sessiong&s shown in Fig &om left to
right/top to bottom. The figer shows
days one and two. Then the participag
experienced days three and four. Ha
of the participants began with the
backward chain and then received thg
forward chain. The other half receive
the reverse sequenc@nly data from
the sessions repmrasted by circles are
displayed in this paper

1For each Group the reported sample
size doesndbét acco
missing 1Q data, or sessions where dg
was lost due to a computer glitchn
some analysis the actual n may differ
and isreported.

20nly data from the first 5 minutes of
10 minute sessions is included in the
analysis in this paper.

3Due to a program error a few
participants in Group 2 and Group 3
experienced a learning session insteg
of a second or third performance
ses®on. Data from these sessions is
excluded.

Figure 2. Description of IRA Sessions

68



69

INCREMENTAL REPEATED ACQUISITION IN CHILDREN

"¢ SEAYEE]

ST 107 g 10] WINILTXEL 3] () A01E wolloq 21 wo sydei + 21 pue ‘ISus] EYD A0S J[PPNu 2171 w sydeis + 2171 ‘Te10] asuodsal smoys doj s uoe sydeis mog ay g
W[ Summeysy presiog s aousuadxs

I Aq pasmolol ‘15 W Sunney s presayieqg paoustuadys oy sjwedonred s jo sousuadxs s ‘ySu o3 Yo SwpeaimeSe ‘ySu ap un ySu 0] e[ PEAIAQ UED
V[ SUMNEY ) pIEANIET Il 20usuadxs matplAq pamo[o] W] SUMnEy) presatod palsiimodts ops sIuEdioqred am Jo sousuadxa a1 Jo sousuadxs 31 o213 uD)

Od % m8uaT urey) ‘[e10] 2suodsay] uo paouruadxy 218 sadA] urey) W[ YoIym UlIRPIQ) 211 Jo 1oedwy ¢ amSig

e ] -
Bemape | vomsey | unaer LE —— Bomame p uoateT [ UnaneT [ oanet T LT e e B ! ! iy | iy
s Ty ) BTy T
T ———— S i) o) e e
ra) SR Sar] ST S —— B T T AT T

P ma) v Bmang pasa Foag e vy Bumang) fromaing oy v, v B peamey LEFE P e el S
L L L]

Bomoniny § coRASy [ oRASg  pasRRE] ekl [ S TR -

T g
= = % A =
il i
spbuan
——
& = A
i

La ba
[ re o imay st Ie

) LY AT PR B by sy, 2 =0=
mEE T, SRR =R
La b

R e i B framaieg o e i B L ey By e B pmmny
[l

;
|
|
|
|
i
|
i
|
|
{
|
'y
|
|

ey
ay

§ ¥ R B § 8 % R
oo

2 8 ¥ E 8 3 % % R
G| sy

e ]

»—%

Zj
e

¥ ¥ R B ¥ ¥ ¥ R
S|

T
T, ST ) ST

'
i
V
vy gy ] pb
B T et )

LEFE RO T ]

i
ity i shes] Rl 2
[ g - .

S ——

£ 8 ¥ R B B B % R
sy

Py ) v By o

11 powRdxy V] Sumrey) presyoeg 1511 powRdxy V] Sumrey) presiog




INCREMENTAL REPEATED ACQUISITION IN CHILDREN

120
—@— Forward Chaining IRA First Group
—— Backward Chaining IRA First Group
100 IRA Tasks are Denoted by "F" or "B"
F
S 0+
[~ F
[
7]
§
2 60 B
8 B
['4
40
20 4
Session 1 Session 3 Session 5 Session 7
Session
9

—&— Forward Chaining IRA First Group
8 4 | —7— Backward Chaining IRA First Group
IRA Tasks are Denoted by "F" or "B"

Chain Length
w

4 F
3 4 F
B
2 B
1 T T T T
Session 1 Session 3 Session § Session 7
Session
35
—@— Forward Chaining IRA First Group
—y— Backward Chaining IRA First Group
3.0 IRA Tasks are Denoted by "F" or "B"
2.5 1
F
g 20
F
1.5 B8
B
1.04
05 T T T T
Session 1 Session 3 Session 5 Session 7
Session
Figure 4

Depiction of change betweeassions 1, 3, &nd7. The break in
the lines indicates that the participants changed IRA tasks, frc
Forward Chaining to Backward, or the reverger darity each
line is marked; those that depict Forward Chaining IRA Tasks
have an fiF 0 nasdepittingta ackwhre @haininlg |
| RA Task have .a fiBo0O next to

70
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100
80 ] /I
1
) L
<]
g 604 N
il
% -
]
Q404 [N
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o B _ 7
® 9
¥ 20 4
—8— Forward Chaining IRA Total Responses
—O— Forward Chaining IRA Total Errors
04 ¥ Backward Chaining IRA Total Responses
—4A— Backward Chaining IRA Total Errors
or® o1 : or® 5 o1
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Chain Type and Session

Figure 5 Response Total and Error Total

The response total and error total is shown for the Forward Chaining IRA task on the left, ar

Backward ChainingRA task on the right.
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Response Total

40

Association with Age

1 n52)= 279p = 046

30 36 42 48 54 60 66 72 78 84 90 96
Age in Months

50

1(52) = 275 p = 049
45

40 |

35

20 4

*
51 1 - ;‘-i ;i - ?,. ,.,.
swn he ot o

05

00

Age in Months

Figure 6. Summary of Associations between Session 1 Forward Chaining IRA and Age WH

Il andDCCS.

30 36 42 48 54 60 66 72 78 84 90 96

Response Total

PQ

Association with 1Q
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1Q Score

@ Full Scale IQr(44)=.120
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vV Performance IQ r(44) = 236
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Association with DCCS
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Association with Age Association with 1Q Association with DCCS
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TableAl

Evolution of the repeated acquisition procedure

Study Procedure Major Contributions Unique Methods of Errortotal  Accuracy Chain
Type Measurement Length
Reached
Boren and Devine, RA Initial description of the Performance errors X
1968 repeated acquisition Learning errors
procedure
Thompson, 1970 RA Simplified shaping X X
procedure
Pieper, 1976 IRA* Incrementing chain with a X
fading prompt (stimulus
light).
Weinberger and IRA Incrementing chain with Time to criterion function X
Killam, 1978 advancement deria. Efficiency
Thompson and IRA Defining the performance  Responses/minute, X

Moerschbaucher, 197!

and learning phases.

Percent errors,
Correct responses on a
cumulative record

Notes:*Pieper 1976 might not beoasidered the first IRA procedure because a tandem schedule was the final result of the fading proced:
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TableA2
Procedural ariationsin the animalah
Study Procedure & Species Stimuli Chain  # of Criterion for Chain  Schedule of Error Session  Maximum #
Chain Type Length Levers Advancement Reinforcement Procedure Length reinforcers
Boren and RAT Whole Rhesus Lights above 4 12 N/A FR 5 for each  Time out Undefined, 70
Devine, 1968 Chain monkeys  groups of response 'be”gth¢'78d ended when
Ly y additional animal
Levers elemen'_[ Within  responses;  attained 70
the chain did not reset  reinforcers
the chain
Thompson, RAT Whole Pigeons Colored Key 4 4 N/A FR 1 sequence Time out, N/A 60
1970 Chain Lights did not
reset the
chain
Pieper, 1976 IRA* - Great apes Cue lights 6 6 Successive correct FR 1 ®quence Timeout;  50minutes No
Backward and rhesus faded to a responses needed to fad unspecified if or Maximum
.. out the cue lights this reset the  Successful 6
Chaining ~ monkeys  Tandem through 8 levels of chain or not.  lever
with Shaping Schedule brightness. This fading sequence
procedure could increast
with errors as well.
Weinberger IRA T Baboons Colored cue 5 3 Starting at a 2 link FR 1 Sequence Error light, Failure to No
and Killam, Backward lights. chain, 21 no reerf:rrl‘eii Maximum
1978 Chaining consecutive response  chains in 15
errorless bains time out,  minutes or
required for chain not no
advancement. reset responses
for 2
minutes
Thompson IRAT Monkeys  Geometric 4 3 Not Described Various Errors Multiple 20
and Backward forms Schedules usec produced a fﬁ;‘ﬁggc'f
Moerschbauch Chaining projected on T FR5t0 FR  time out after 15
er, 1979 press plates. 50 and a VR 3 but did not minutes or
Tested resetthe 10 .
H reintorcers
chain. - 30 minute
MAX
Paule & IRAT Rats Lights 5 3 40 correct FR 1 Sequence 1 second 1houror 240
McMillian Backward unrelated to sequences illum. of 40 correct
(1984) Chaining lever incorrect  responses
position lightand  onthe5
sonalert, link chain
did not
reset the

chain.
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TableA2 Continued
Study Procedure & Species Stimuli Chain  # of Criterion for Chain  Schedule of Error Session  Maximum #
Chain Type Length Levers Advancement Reinforcement Procedure Length reinforcers
Poling, Repeated Pigeons Color of key 4 3 N/A FR 5 Sequence Unspecifie 1 houror Not
Cleary, Berens Acq.1 light. d. 50 chains Described
& Thompson Backward
1990 Chaining
across
training
sessions.
Cohn, Cox & Repeated Rats Not 3 3 N/A FR1T FR2 Errors 1 hour 100
Cory-Slechta, Acquisition Identified Sequence IMETEEEEE i
reinforcemen
1993 t schedule to
an FR2
Wenger, IRAT Mice Not 4 3 5 correctresponses, 10 FR 1Squence 5 second  65sr+or 65
Schmidt & Backward Identified correct responses, 30 time out 3600
. . correct responses, 20 seconds
Davvison, Chaining correct responses and. reset
2004 chain
Spencer and IRA'T Rats Tones 4 3 10 consecutive correct  FR 1 Sequence Time out, 60minor  No Max
Newland Forward responses; 5 consecutiv reset the 50
’ oy correct responses; 5 . reinforcers
2010a Chaining & consecutive correct chain in the 4 link
Backward responses chain
Chaining
Bailey, IRA T Rats Tones 4 3 10 consecutive correct  FR ] Sequence Time out, 60minor  No Max
Johnson and  Forward responses; 5 consecutive resetthe 29
. correct responses; 5 . reinforcers
Newland, Chaining and consecutive correct chain in the 4 link
2010 Backward responses chain
Chaining
Johnsonetal. IRAT Mice Tones 6 3 10 consecutive correct  FR 1 Sequence Time out, 60minor  No Max
2010 Forward responses; 5 consecutiv reset the 50
.. correctresponses; 5 . reinforcers
Chaining & consecutive correct chain in the 4 link
Backward responses chain
Chaining

Notes: *Pieper 1976 might not be considered the first IRA procedure because a tandem schedule was the findlerésdihgfirocedure.
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TableA3
IRA component variables in studies with humabhjscts
Study Type of Length # of Criterion for Chain Stimuli to Component Length of Maximum #  Age N
Chain of Levers Advancement establish and Task Session Reinforcers  Range
Chain chain Exposure Tested
schedule

Paule, Cranmer, Backward 6 4 3 correct response: Multiple Single 15 minutes 1871 Nickels 3-11 years 20
Wilkins, Stern & Lights Measuremen? & Correct
Hoffman Light
(1988b)
Paule & Presentsdditiond results from Paule, Cranmer, Wilkins, Stern & Hoffman (1988b).
Cranmer (1990)
Paule, Forrester, Backward 6 4 3 correct response: Multiple Single 15 minutes 187 Nickels 4-8 years 71
Maher, Cranmer Lights Measurement & Correct
& Allen, 199 Light
Paule et al. Backward 6 4 3 correct response: Multiple Single 15 minutes 187 Nickels 6 years 115
(1999) Lights Measurement & Correct

Light
Zayac & Unclear 4 4 3 correct Background  Learning Unlimited No 37-43 3
Johnston, 2008 consecutive screen color  Component Maximumi  years

responses Access to a

video game
Spencer Forward& 9 4 3 correct Tones Single Two 25 minute  No 1825 39 &
Walstrom, Gillis Backward consecutive Measurement, SESSIONSOrOne \iavimumi  years 58

chaining . 40 minue
and Newland,  groups responses Learning & SEasET Screen
2011 Performance Saying Good
Components Job
Tested

Baldwin, Backward 6 4 3 corect responses Colored lights Single 15 minutes 18- Nickels 5-13 years 837
Chelonis, Prunty Chaining (No consecutive Measurement

& Paule (2012)

requirement)

Notes:
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Literature comparing forward and backward chaimmethods
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Study

Task Taught via
Chaining

Participants

Superior Method

Outcome is based o

Notes

Outcome based on performance during acquisition.

Johnson & Senter,
1965

Wilcox (1974)

Weber (1978)

Science Kit

(Mechanical Pysicis,

Style 416)
Weiss(1978

Walls, Zane & Ellis

(1981) brake, a meat grinder,
and a carburetor.
Pisacreta (1982) 4-link response chains

on a ninekey panel.

Spooner & Spooner
(19849

Verbal List Learning
(Nouns or Numbers)

Paper Folding &
Numerical Procedures

Assembly of plastic
pieces from the Remco

6-link sequence on 4
computerized buttons.

Assembly of a bicycle

College Students
(n=24)

Female College
Studentgn=176)

Mentally Retarded
Adults with ag
range from 22 to
60(n=24)

College Students
(n=11)

Vocational
rehabilitation clients
(mild to moderate
MR) (n=22)
Pigeons (n=4)

1 No Difference
2 Forward chaining
3 Forward Chaining

No Difference

Backward Chaining
superior in terms of
learning time.

No Difference in terms of
retention performance.
Forward Chaining

No Difference

No Difference

Backward chaining first group
outperformed the Faovard
chaining first group on both
types of chaining.

Backwad Chaining

1 Length of chain learnec
and ecall accuracy
Immediately after
criterion,

2 # of trials to reproduce
the list

3 Number ofErrors
Acquisition and
Retention (one week
delay)

Learning time (number o
errors prior to reaching
criterion) and Retention
Performance (delayed by
20 hours)

True Errors (Only those
occurring after an initial
correct response on eacl
link of the chain.)
Number of Errors

Number of errors.
Number of sessions to
acquire the chain.

Three experimets were described.

Retrieved from scribd.coihseveral
portions are redacted.

Examined each task at a shomgdium
and long chain length.

Backward chaining was superior in one ¢
the six comparisons (long numerical
procedures).

Within subject comparison, all animals
made fewer errors in whichever procedui
they experienced first.

Exercise Literature
Currently a Secondary Sourtérticle
Ordered
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TableA4 Continued

Study Task Taught via Participants Superior Method  Outcome is based o Notes
Chaining
Ash & Holding Musical Keyboard College Students  Forward Chaining Number and type of Forward chaining was superiorto
(1990 Skills (n=61) error. backward chaining. Backward chaining

Hur & Osborne
(1993)

Smith (1999

movement
Batra & Batra
(2006 Shoes

Corsage making skills.

120 step physical

Putting onSocks and

Children and adults No Difference
with MR age range
from 19 to 47

(n=20).

College Students  Forward Chaining
(n=75)

Children with MR No Difference
(n=42)

Accuracy during training,
accuracy at a follovup
session delayed by one
week.

Number of Errors

Number of errors,
prompts and reinforcers

was superior to whole task presentation i
terms of accuracy. Forward chaining was
superior to whole task presentation in
terms of accuracgnd timing consistency.
The follow up session occudefter the
participant attained mastery at 100%
accuracy.

Included a comparison of whole task
training (always inferior).

Outcome basedn speed of training.

Cox & Boren,1965 Military Procedural

Task(Missile
preparation)

Johnson & Senter,

Pisacreta (1982)

Verbal List Learning
1965 (Nouns or Numbers)

4-link response chains  Pigeons (n=4)
on a ninekey panel.

Military Personnel  No Difference

(n=30)

1 No Difference
2 Forward chaining
3 Forward Chaining

College Students
(n=24)

No Difference
Backward Chaining first
group outperformed the
Forward chaining first
group on both types of
chaining.

Duration oftraining to
proficiency (100%
accuracy on the task 1
time).

1 Length of chain learnet
and ecall accuracy
Immediately after
criterion,

2 # of trials to reproduce
the list

3 Number ofErrors
Number of errors.
Number of sessions to
acquire the chain.

Three experiments were described.

Retrieved from scribd.cofihseveral
portions are redacted.

Within subject comparison, all animals
made fewer errors in whiever procedure
they experienced first.
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TableA4 Continued

Study

Task Taught via
Chaining

Participants Superior Method

Outcome is based o

Notes

Slocum & Tiger
(2011)

Motor sequence 3, 6, 9
or 18 steps long.

Children with DD No Difference
age 11 or 12 years
(n=4)

Trials to mastery,

Three studies; differential sensitivity to
simple and complex tasks, and child
preference via concurrenhains
preference assessment.

Outcome based on retention of the skill.

Johnson & Senter,
1965

Wilcox (1974)

Weber (1978)

Hur & Osborne
(1993)

Verbal List Learning
(Nouns or Numbers)

Paper Folding &
Numerical Procedures

Assembly of plastic
pieces from the Remco
Science Kit
(Mechanical Pysicis,
Style 416)

Corsage making skills.

College Students 1 No Difference
(n=24) 2 Forward chaining
3 Forward Chaining

Female College No Difference
Students (n=176)

Mentally Retarded Backward Chaining

Adults with age superior in terms of
range from 22 to learning time.
60(n=24) No Difference in terms of

retention performance.
Children and adults No Difference
with MR age range
from 19 to 47
(n=20).

1 Length of chain learnet
and ecall accuracy
Immediately after
criterion,

2 # of trials to reproduce
the list

3 Number of Errors
Acquisition and
Retention (one week
delay)

Learning time (number o
errors prior to reaching
criterion) and Retention
Performance (delayed by
20 hours)

Accuracy during training,
accuracy at a follovup
session delayed by one
week.

Three experimess were described.

Retrieved from scribd.cofinseveral
portions are redacted.

Examined each task at a shoredium
and long chain length.

Backward chaining was superior in one ¢
the six comparisons (long numerical
procedures).

The follow up session occurred after the
participant afined mastery at 100%
accuracy.
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TableA4 Continued.

Study Task Taught via Participants Superior Method  Outcome is based o Notes
Chaining
INDIRECT COMPARISON
Tayler (1965) Pairedassociative College students Forwad Chaining # of correct anticipations This study is placed under indirect
chains (word learning). (n=120) siiiine fmeli geien e SEPETE0NS BEERUSE R RS, A
. associations may not meet technical
the chain. definitions of forward and backward

chaining, as not all portioraf the chain
are explicitly experienced during training.

Keehn(1967) Shock avoidance Rats(n=?) Forward Chaining Number of subjects Explicitly states no attempt is made to
responding successfully emitting the establish the relativenerits of procedure
. .. types.
chain after training. P

Notes: A direct comparison is one in which the primary research question compared forward and backward*dNailifterence indicates the lack of a
statistically significant OR a visually meaningful difference, that there was in fact 0 differences between outcome variables. In most studies extremely sm
differences existed which were not consistently in favor of one form of chaining or the other. ** Population descriptivestBré&om the article as opped to
using language appropriate today.
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TableA5
Dimensional Change Card S¢RCCS) task dtails
Trial and Left Right Phase Instructions Feedback
Card Target Target
Blue Red
Rabbit Boat
Gl SNBEQa | o6fdzS NI obaAds ¥ RONSENEDRAY H N
This is the color game. In the color game, all the blue ones go here [point] and al
NER 2yS8a 32 GKSNB wLIRAYy(6 dé
Example X Blue  Correct a{SS>x KSNBQa | ofdz§S 2 NA
Boat .2F 060 &WT IRBAEE KBINGS «
NER AlG 32Sa GKSNB oLk
Example Z Red Correct ab2g KSNBQaA || NBR 2y S Praise for correct response OR
Rabbit Correct error.
1¢ Blue Boat Correct Phase 1 Repeat Rule. Always be neutrat no praise.
2 ¢ Red Rabbit Correct Phase 1 Repeat Rule. Always be neutrat no praise.
3¢ Blue Boat Correct Phase 1 Repeat Rule. Always be neutrat no praise.
4 ¢ Red Rabbit Correct Phase 1 Repeat Rule. Always be neutrat no praise.
5¢ Blue Boat Carect Phase 1  Repeat Rule. Always be neutrat no praise.
6 ¢ Red Rabbit Correct Phase 1 Repeat Rule. Always be neutrat no praise.
(Repeat 2 TIMES)
Gb2¢ 6SQNB F2Ay3a (G2 LIXl& I ySs
JrYSe 285Q N.Bthe%ﬂaaogfgﬁmeulﬂthelslﬁabeegame all the rabbits go he
WLR2AYGAYy3A8T YR Ittt GKS o2lda 32 GKS
0dzi AF AdQa F 02Fd Llzi Ad GKSNBE® hYK
7 ¢ Blue Boat Correct Phase2 ab2¢g> (GKAA A& Ishodditllgé S Always be neutrat no praise.
8 ¢ Red Rabbit Correct Phase2 ab2é> GKAA A& | 6fl 6S Always be neutrat no praise.
9¢ Blue Boat Correct Phase2 ab2¢g> G(GKAAa A& | 6fl 6S Always be neutlcno praise.
10¢ Red Rabbit Correct Phase2 ab2g3 (GKAA Aa | ofl 6S Alwaysbe neutratno praise.
11¢ Blue Boat Correct Phase2 ab2¢g> (GKAA A& | 6fl 6S Always be neutrat no praise.
12 ¢ RedRabbit Correct Phase2 ab2¢> GKAA A& | 6fl 6S Always be neutrat no praise.
ahYz &82dz LXI&8SR NBIFfte ¢gSitd b2g L K
game, you sometimes get cards that have a black bordematdtike this one [show
red rabbit with a border]. If you see cards with a black border, you have to play th
color game. In the color game, red ones go here [point] and blue ones go there
WLRAY (6 dé
Example B- Red Correct A¢KNRQAF NBRX &2 LQY 3 Aways be neutrat no praise.
Rabbit with Border WL I OS OF NR6 d¢
Example 4 Red Correct a.dzi AT GKS OF NRa KI @ Always be neutrat no praise.
Rabbit one [show red rabbit without a border] you have
to play the shape game. In thelshldS 3 Y ¢
N} 0oAGET ¢S Lizi Ad KSN,
GKSNB oLRAyGAYy3 (G2 OGN
going to put it right here [place card in tray]. OK
b2¢ A0GQa &2dzNJ (daNY d¢é
13B¢ Blue Boat Correct Phase3 wSLISFH G GKS NMz SaX aL T Always be neutrat no praise.
02t 2NJ 3L YSd LT GKSNBQ
JFYSde [!.9] ¢19 /! ws
not.
14 ¢ Red Rabbit Correct Phase 3 Same as trial 13. Always be neutr; no praise.
15B ¢ Blue Boat Correct Phase 3 Same as trial 13. Always be neutrat no praise.
16 ¢ Blue Boat Correct Phase 3 Same as trial 13. Always be neutrat no praise.
17B ¢ Blue Boat Correct Phase 3 Same as trial 13. Always be neutrat no praise.
18¢ Red Rabbit Correct Phase 3 Same as trial 13. Always be neutrat no praise.
19B ¢ Red Rabbit Correct Phase 3 Same as trial 13. Always be neutrat no praise.
20¢ Blue Boat Correct Phase 3 Same as trial 13. Always be neutrat no prase.
21B¢ Blue Boat Correct Phase 3 Same as trial 13. Always be neutrat no praise.
22 ¢ Red Rabbit Correct Phase 3 Same as trial 13. Always be neutrat no praise.
23B ¢ Red Rabbit Correct Phase 3 Same as trial 13. Always be neutrat no praise.
24¢ Blue Boat Correct Phase 3 Same as trial 13. Always be neutrat no praise.

Note: Cards with a border are denoted with a B after the trial #.
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Table A6
Description of Data Collection Locations
Research Location Date Range # of # of Potential
Site Participa Participants
ntswho who coul
Complet accommodated
ed the
Study

Location A A Day Care in April 2010 to May 2010 6 10
Opelika Alabama

Location B A Day Care in August 2011 to November 2011 9 0
Anchorage Alaska

January 2013 to Augus023 8 0

Location C A Karate Studio in November 2014 13 0
Fresno California

Location D Public Locations in November 2014 6 0
Fresno California

Location E A Day Care in November 2014 8 0
Madera California

Location F  An ABA Clinic in December 2014 to January 201 4 0
Lake Charles
Louisiana

Notes: In order to protect the confidentiality of the participants the actual names of research si
not provided.

88
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TableA7
Socio demographic information.
Family Annual Income Race Daily TV Viewing Daily Video Game
Exposure
<$25,000 7 Caucasian 35 <lhourof TV 15 No Time Playing 21
Video Games
$25,000- $50,000 13 African 5 1-3 hours of TV 34 <1 hour 28
American or
Biracial
$50,000- $75,000 10 Hispanic 10 4-10hoursof 6 1-8 hours 6
TV
$75,0®- $100,000 3  Asian 0
$100,000 $125,000 11 OthergFill In 2
$125,000$150,000 5 Left Blank 3
>$150,000 4
Left Blank 2
Languages Spoken* Learning Disabilities and Special Services*
More than one language 3 (Spanish) ADHD 2  Applied Behavior 3
frequently spokenri their home Analysis
Englishis the pimary language in 6 (Spanish), Autism 3 Occupational 2
the home with other languages 1 (Arabic), Spectrum Therapy
spoken occasionally. 1 (Greek) Disorder
Child is luent inlanguage other 5 (Spanish) Speech Therapy 6 Some medication  8*
than English reported
Physical 2
Therapy

Notes: N=55*The categories listed under Language Exposure and Learning Disabilities and Special Services ar
exclusive; for instanceome of the participants with more than one language spoken in the home were also repor
as being fluent in another language. When Language Spoken was examined in relation to study variables the
LI NIAOA LI yia | aAy3dtsS oI nsfdmeed t6 codbing paBitpartis[withyaridas &kSosugel
Spanish (n=9) and exposure to other languages (n=2). The same is true of Learning Disabilities and Special Se
participants who reported a diagnosis or special service were combined (n=8).

Medications reportedThree of these participants reported using Claritan, and two reported using Flovent, other
YSRAOFGA2ya NBLER2NISR o0& G £SFrad 2yS LI NGAOALN yi |
Miralax, Concerta andi@ttera.
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TableA8

Description of Error Correction Procedure

Location in Condition InvestigatorResponse
Chain
1 Link Chain After lincorrectresponse fiTry a di fferent buttc
After correct responses. Praise and label the behavior that wesrrect.
AYou pusdhuad otnhe a(nd f o
After repeating the same  Gestured / model or physically prompt to a
incorrect response more the different button
once.
OR After multiple incorrect Theinvestigatomevertold the participant the
responsesonallresponse correct response AYou
keys.
OR When the participant
stopped responding
OR when the participant
asled for help.
2 Link Chain After 1incorrectresponse fiTry a different buttc
or Longer

After correct responses

After repeating the same
Incorrect response more the
once.

OR After multiple incorrect
responses on all response
keys.

OR When theparticipant
stopped responding

OR when the participant
asked for help.

Praise and label the behavior that was correct.
AYou pushtedonheard fou

il hear a new/old sour
Gestured / model or physically prompt to a
different /orcorrect button.

Theinvestigatoronly indicated a specific correct
responsef it was one learned in a previous
iteration of the task.

Notes:
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TableA9
Description of IRA Performance Across Sessiasien sample is divided by Error Correction Group and Order of IRA Experience.
Session 1 Session 2 Sesshn 3 Final
Performance Performance Sequenc Learning Session
Seqguence
n Mean SD N Mean SD N Mean SD n Mean SD
Forward Chaining IRA Task
Response  Forward First Group 1 8 55.13 14.60 8 4413 20.0 8 67.63 26.9 8 56.27 14.16
Total 9 0
Forward First Group 2 9 66.89 17.37 9 74.98 50.4 9 89.81 574 8 95.63 51.13
7 8
Forward Second Group1 5 91.20 27.62 7 73.71 43.6 7 89.14 44.8 7 57.74 22.35
1 5
Forward Second Group 2 4 82.00 23.61 4 7250 39.2 4 73.75 55.9 5 50.20 28.24
4 6
Error Total Forward First Goup 1 8 36.5 10.14 8 23.00 7.80 8 28.50 5.61 8 29.07 8.69
Forward First Group 2 9 45.44 14.64 9 3793 23.6 9 30.59 24.6 8 40.88 28.00
0 2
Forward Second Group1 5 41.80 12.54 7 26.29 155 7 2429 131 7 28.56 12.08
2 0
Forward Second @up 2 4 45.00 12.30 4 33.50 17.8 4 26.50 14.2 5 20.00 15.41
2 0
Chain Forward First Group 1 8 2.00 0.00 8 2.50 1.07 8 3.25 1.28 8 2.75 1.04
Length Forward First Group 2 9 2.11 0.33 9 2.56 2.46 9 400 2.35 8 3.25 2.49
Forward Second @up 1 5 3.60 2.19 7 3.43 1.62 7 429 2.06 7 3.00 1.15
Forward Second Group 2 4 2.75 2.22 4 2.75 2.12 4 3.25 2.63 5 3.60 1.82
Accuracy Forward First Group 1 8 0.34 0.04 8 0.44 0.15 8 0.52 0.18 8 0.47 0.11
Forward First Group 2 9 0.4 0.67 9 0.42 0.23 9 0.57 0.24 8 0.54 0.25
Forward Second Group1 5 0.48 0.26 7 0.59 0.23 7 0.65 0.24 7 0.47 0.20
Forward Second Group 2 4 0.40 0.24 4 0.44 0.29 4 0.50 0.29 5 0.55 0.27
PQ Forward First Group 1 8 1.25 0.23 8 1.55 0.63 8 1.88 0.58 8 159 0.57
Forward First Group 2 9 1.27 0.24 9 1.63 1.32 9 219 0.58 8 1.94 1.17
Forward Second Group1 5 1.95 1.00 7 2.20 0.78 7 247 0.96 7 1.76 0.75
Forward Second Group 2 4 1.66 0.85 5 1.59 1.09 4 1.92 1.33 5 1.76 0.95
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Table A9 Continued
Backward Chaining IRA

Session 1 Session 2 Session 3 Final
Performance Sequenc Performance Sequenc Learning Session

n Mean SD n Mean SD N  Mean SD n Mean SD
Response  Backward First Group 1 8 60.63 14.53 8 50.75 14.24 8 47.75 14.09 8 48.40 17.88
Total Backward First Group 2 8 62.88 27.22 8 62.38 37.98 8 59.88 37.26 8 38.85 13.86
Backward Second Group 7 63.57 7.07 7 54.0 32.79 7 68.00 19.78 7 59.50 19.96
Backward Second Group 5 63.40 13.97 5 69.20 18.27 5 58.00 31.07 4 41.00 22.35
Error Total Backward First Group 1 8 37.75 6.01 8 28.69 8.86 8 28.75 9.13 8 29.17 831
Backward First Group 2 8 34.75 18.55 8 31.00 20.21 8 20.38 9.38 8 31.00 13.86
Backward Second Group 7 44.00 12.14 7 28.86 15.59 7 37.14 14.75 7 3457 12.22
Backward Second Group 5 48.00 12.14 5 54.20 16.10 5 32.40 17.90 4 21.50 17.37
Chain Backward First Group 1 8 2.50 0.93 8 2.75 0.46 8 2.38 0.74 8 2.25 0.46
Length Backward First Group 2 8 2.75 1.16 8 2.38 1.60 8 3.25 1.75 8 3.50 1.93
Backwad Second Group . 7 2.57 0.53 7 2.71 1.11 7 2.57 1.40 7 2.71 1.25
Backward Second Group 5 1.60 0.55 5 1.60 0.55 5 2.40 1.52 4 3.00 1.41
Accuracy Backward First Group 1 8 0.35 0.15 8 0.43 0.10 8 0.39 0.15 8 0.37 0.10
Backward First Group 2 8 0.43 0.15 8 0.43 0.17 8 0.58 0.18 8 0.47 0.21
Backward Second Group 7 0.31 0.15 7 0.41 0.17 7 0.42 0.24 7 0.40 0.14
Backward Second Group 5 0.25 0.06 5 0.22 0.05 5 0.41 0.23 4 0.48 0.25
PQ Backward First Group 1 8 1.55 0.52 8 1.62 0.41 8 1.50 0.36 8 1.47 0.36
Backward First Group 2 8 1.59 0.56 8 1.62 0.75 8 1.89 0.86 8 2.06 0.82
Backward Second Group 7 1.40 0.34 7 1.74 0.68 7 1.65 0.78 7 1.72 0.58
Backward Second Group 5 1.14 0.20 5 1.11 0.18 5 1.65 0.72 1.44 0.72

Note:
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TableA10
Descripton of Participants within Each Cell

N Age Full Scale 1Q
(Months)

Forward Chaining FirgGroup 1 Automatic Error Correction 8 53.25 101.25
Forward Chaining FirgtGroup 2 Contingent Error Correctior 9 61.78 109.33 (n =6
Backward Chaining FirsiGroup 1 Automatic Error Correctiot 7 63.00 105.71
Backward Chaining FirsiGroup 2 Contingent Error Correctic 5 62.60 115 (n=2)

Note:
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TableA11
Comprehensive Repeated Measure ANOVA.
IRA Variable Source df SS MS F p
BetweenSubject
Respaise Total Order of IRA Experience 1 345.04 345.04 0.18 0.681
Error Correction Group 1 800.32 800.322 0.41 0.532
Order of IRA Experience * Error Correction Group 1 17920.07 17920.07 9.08 0.007*
Error 19 37493.96 1973.37
Within-Subject
IRA Task 1 6063.48 6063.48 6.88 0017
IRA Task * Order of IRA Experience 1 389.79 389.79 0.44 0.514
IRA Task * Error Correction Group 1 82.73 82.73 0.09 0.763
IRA Task * Order of IRA Experience * Error Correction Group 1 546.07 546.07 0.620 0.441
Error (RA Task) 19 16740.05 1401.75
Session 3 4205.24 1258.95 3.98 0.012
Session * Order of Experience 3 3776.86 286.49 3.58 0.01%
Session * Error Correction Group 3 859.46 650.07 0.81 0.491
Session * Order of Experience * Error Correction Group 3 1950.22 351.92 1.85 0.149
Error (Session) 57 20059.66
IRA Task * Session 3 3028.35 1009.45 3.19 0.030*
IRA Task * Session * Order of Experience 3 4084.18 1361.39 4.32 0.008
IRA Task * Session * Error Correction Group 3 207.94 69.31 0.220 0.882
IRA Task * Session * Order of Experience * Error Correction Group 3 92.61 30.87 0.098 0.961
Error (IRA Task * Session) 57 17985.11 315.53
BetweenSubject
Chain Length Order of IRA Experience 1 1.94 1.94 0.42 0.525
Error Correction Group 1 6.36 6.36 1.38 0.255
Order of IRA Experience * Error Correction Group 1 20.61 20.61 4.46 0.048*
Error 19 87.74 4.62
Within-Subject
IRA Task 1 7.25 7.25 291 0.155
IRA Task * Order of IRA Experience 1 15.67 15.67 4.74 0.042*
IRA Task * ErrorCorrection Group 1 0.60 0.60 0.18 0.674
IRA Task * Order of IRA Experience * Error Correction Group 1 2.30 2.30 0.69 0.415
Error (IRA Task) 19 62.86 3.31
Session 3 12.29 4.10 4.51 0.007*
Session * Order of Experience 3 2.03 0.68 0.75 0.529
Session * Error Correction Group 3 5.92 1.97 2.17 0.101
Session * Order of Experience * Error Correction Group 3 2.85 0.95 1.04 0.380
Error (Session) 57 51.82 0.91
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TableA11 df SS MS F P
Continued
IRA Task * Session 3 7.59 2.53 2.58 0.063
IRA Task * Session * Order of Experience 3 421 1.44 1.47 0.233
IRA Task * Session * Error Correction Group 3 0.52 0.17 0.18 0.912
IRA Task * Session * Order of Experience * Error Correction Group 3 0.51 0.98 0.17 0.914
Error (IRA Task * Session) 57 55.96
BetweenSubject
PQ Order of IRA Experience 1 0.66 0.66 0.55 0.468
Error Correction Group 1 1.62 1.62 1.35 0.260
Order of IRA Experience * Error Correction Group 1 6.40 6.40 5.32 0.033*
Error 19 22.84 1.10
Within-Subject
IRA Task 1 0.68 0.68 0.87 0.362
IRA Task * Order of IRA Experience 1 3.14 3.14 4.01 0.060
IRA Task * Error Correction Group 1 0.54 0.544 0.70 0415
IRA Task * Order of IRA Experience * Error Correction Group 1 0.17 0.17 0.21 0.650
Error (IRA Task) 19 14.88 0.78
Session 3 3.86 1.29 6.85 0.00F
Session * Order of Experience 3 0.36 0.12 0.63 0.598
Session * Error Correction Group 3 1.25 0.42 2.21 0.097
Session * Order of Experience * Error Correction Group 3 0.65 0.22 1.15 0.337
Error (Sesion) 57 10.71 0.19
IRA Task * Session 3 1.86 0.62 2.49 0.069
IRA Task * Session * Order of Experience 3 1.29 0.43 1.73 0.171
IRA Task * Session * Error Correction Group 3 0.27 0.09 0.37 0.779
Interaction IRA Task * Session * Order of ExperierfcError Correction 3 0.06 0.02 0.08 0.969
Group
Error (IRA Task * Session) 57 14.17 0.25

Note * Indicatesp < .05** Indicatesp < .01
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TableA12
Examination of the Error Correction Procedure on the Individual IRA Tasks
Forward ChainintRA Task Backward Chaining IRA Task
IRA Variable Source Df SS MS F p df SS MS F p
BetweenSubject BetweenSubject
Response Total Error Correction Group 1 946.91 946.91 0.297 0592 |1 1143.96 1143.96 0.67 0.421
Order of IRA Experience 1 591.90 591.90 0.186 0671 |1 222.08 222.08 0.13 0.721
Error Correction Group * Order of IRA Exp 1 13924.82 13924.82 4.3656 0.049 |1 1098.66 1098.66 0.64 0.430
Error 21 66989.17 3189.96 23 39212.15 1704.88
Within-Subject Within-Subject
Session 3 6981.60 232720 3.95 0.012* | 3 790.60 263.53 1.42 0.245
Session * Error Correction Group 3 840.89 280.30 0.48 0.700 | 3 688.72 229.57 1.23 0.304
Session * Order of IRBxperience 3 7866.18 2622.06 4.45 0.007* | 3 116.10 38.70 0.21 0.891
Session * Error Car@oup *Order of IRA 3  1315.50 438.50 0.74 0.530 |3 762.94 254,31 1.37 0.260
Error (Session) 63 37125.29 589.29 69 12836.04 186.03
BetweenSubject BetweenSubject
Chain Length  Error Correction Group 1 158 1.58 0.19 0.667 |1 0.02 0.02 0.00 0.949
Order d IRA Experience 1 7.56 7.56 0.92 0350 |1 3.12 3.12 0.90 0.354
Error Correction Group * Order of IRAExg 1 11.20 11.20 1.36 0.257 |1 7.06 7.06 2.03 0.168
Error 21 173.36 8.26 23 80.16 3.49
Within-Subject Within-Subject
Session 3 19.83 6.61 4.23 0.009* | 3 2.319 0.77 1.42 0.246
Session * Error Correction Group 3 155 0.52 0.33 0.804 |3 5.76 1.92 3.51 0.020
Session * Order of IRA Experience 3 378 1.26 0.81 0.495 |3 2.091 0.70 1.28 0.289
Session * Error Car@oup *Order of IRA 3 2.85 0.95 0.61 0.613 |3 0.44 0.15 0.27 0.847
Error (Session) 63 98.44 1.56 69 37.69 0.55
BetweenSubject BetweenSubject
PQ Error Correction Group 1 0.79 0.79 0.37 0549 |1 0.03 0.03 0.032 0.859
Order of IRA Experience 1 170 1.70 0.80 0382 |1 0.58 0.59 069 0.414
Error Correction Group * Order of IRA Exg 1 4.49 4.49 2.104 0.162 |1 1.54 1.54 1.85 0.187
Error 21 4481 2.134 23 19.18 0.83
Within-Subject Within-Subject
Session 3 622 2.07 5.76 0.002* | 3 1.36 0.45 2.80 0.046*
Session * Error Caction Group 3 037 0.12 0.34 0.794 |3 1.26 0.42 2.59 0.060
Session * Chain Type First 3 138 0.46 1.28 0.289 |3 0.64 0.21 1.31 0.278
Session * Error Car@oup *Order of IRA 3 0.83 0.28 0.77 0.517 |3 0.15 0.05 0.31 0.820
Error (Session) 63 22.70 0.36 69 11.16 0.16

Note: Forward and Backward Chaining IRA are not directly compared in this set of RMANIQ¥éatesp < .05 ** Indicatesp < .01
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Table A13
Description of the difference between Session 1 and 3, and between Session 5 and 7.
Order of IRA tasks Forward Chaining IRA Task Backward Chaining IRA Task
n M SD Min Max n M SD Min Max
Forward Chaining
IRA First

Response Tota 17 18.02 37.99 -37.00 110.00 16 -7.94 15.18 -24.00 34.00
Chain Length 17 1.59 1.73 0.00 6.00 16 0.19 1.17 -2.00 3.00
PQ 17 0.78 0.99 -0.40 3.56 16 0.13 0.62 -1.04 157
Backward Chaining
IRA First
Response Tota 9  6.00 27.68 -51.00 39.00 12 0.33 20.84 -39.00 33.00
Chain Length 9  0.89 0.93 0.00 2.00 12 0.33 1.30 -2.00 3.00
PQ 9 0.61 0.71 -0.36 1.76 12 0.36 0.69 -0.63 1.88

Nates: Results from the first IRA task encountered are shown in bold, the Forward Chaining IRA task i
the left, and the Backward @ming IRA task is on the right.

Table Al14
RMANOVA of the difference beteen Session 1 and 3 when Erf@worrection Groups are
Combined

IRA Variable  Source Df SS MS F p
BetweeRSubject
Response Tota Order of IRA Experience 1 430 4.30 0.005 0.946
Error 23 20832.19 905.75
Within-Subject
IRA Task 1 2045.84 2045.84 6.96 0.015*
IRA Task * Order of IRA Experience 1  545.58 54558 1.86 0.186
Error 23 6762.05 294.00
BetweeRSubject
Chain Length  Order of IRA Experience 1 0.72 0.72 0.44 0.516
Error 23 38.00 1.65
Within-Subject
IRA Task 1 1043 10.43 8.67 0.007*
IRA Task * Order of IRA Experience 1  0.35 0.35 0.29 0.%96
Error 23 27.65 1.20
BetweenSubject
PQ Order of IRA Experience 1 0.04 0.04 0.093 0.763
Error 23 10.25 0.45
Within-Subject
IRA Task 1 205 2.05 492 0.037*
IRA Task * Order of IRA Experience 1  0.04 0.04 0.09 0.763
Error 23 9.56 0.42
Notes:a 5AFTFSNBY OS¢ Aa | NI g Sdddiof algs +F NRIREBegidningSessios E I

* Indicatesp < .05 ** Indicatesp < .01
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TableA15
Correlatiors between Forward and Backward Chaining IRA
Measures
N r P
Session & 5 Combined
Response Total 51 0.264 0.061
Error Total 51 0.253 0.073
Chain Length 51 0.055 0.703
Accuracy 51 0.031 0.829
PQ 51 0.052 0.719
Difference ValueSession 13 (or 5-7)
Responsé otal 25 0.539* 0.005
Chain Length 25 0.161 0.442
PQ 25 0.035 0.867
Notes:
* Indicatesp < .05
** Indicatesp < .01
Table A16
Description of WPPSIII scoresand
N % of Sample Mean SD P
CompleteWPPSI-III Sample
Composite Score Verbal 46 83% 103.26 13.29
Composite Score Performance 46 83% 100.43 13.56
Composite Score Full Scale 46 83% 103.22 12.43
Gender and Verbal 1Q 0.030
Male Verbal 1Q 25 45% 99.4 11.52
Female Verbal IQ 21 38% 107.85 14.04
Research Site and Verbal IQ 0.027
Location A 6 10% 101.5 8.98
Location B 13 23% 113.15 13.53
Location C 5 9% 101.8 2.86
Location D 10 18% 95.7 10.25
Location E 8 14% 102.5 12.65
Location F 4 7% 96 19.61
Error Correction Group and Verbal 1Q 0.022
Group 1i Automatic Error Correction 15 27% 107.27 14.27
Group 2i Contingent Error Correction 8 14% 110.625 9.91
Group 3i 2 Day, No Error Correction 23 41% 98.09 12.06

Notes:
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TableAl7
Description of DCCS measures and correlations with 1Q.

n Mean SD Min. Max. Full Scale IQ Verbal IQ Performance IC

n =46 n =46 n =46

Phase 53 2 097 O 3 -0.031 -0.006 0.053
Correct Phase 53 12.28 6.67 O 23 -0.113 0.053 -0.019
Criteria
Notes:
* Indicatesp < .05
** Indicatesp < .01
TableA18
Description of Sessioh (combined with session BRA Task Performance
Measure Mean SD N Minimum Maximum P
Forward Chaining IRA Task

Response Total 70.1 21.19 52 31 124

Error total 41.40 1149 52 16 69

Chain Length 2.4 1.22 52 1 6

Accuracy 0.38 015 52 0.21 0.80

PQ 146 060 52 1.0 3.24
Backward Chaining IRA Task

Response Total 64.92 18.72 53 30 124

Error total 42.08 13.17 53 20 78

Chain Length 230 099 53 1 6

Accuracy 0.34 014 53 0.06 0.79

PQ 1.39 051 53 1.00 3.57
Backward Chaining IRA 0.027
Accuracy andLanguageExposure

English Only 0.32 013 43 0.06 0.79

English and Spanish 046 013 8 0.32 0.62

English and Other 028 001 2 0.28 0.29
Backward Chaining IRA 0.017
PQ and Language Exposure

English Only 1.30 048 43 1.00 3.57

English and Spanish 1.85 051 8 1.38 2.62

English and Other 1.38 018 2 1.25 1.50

Notes: PQ Max Possible for this Task = 5.0






