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Summary

This thesis investigated the differences in resparariability between
children and adolescents with a diagnosis of ausigettrum disorder (ASD) and
neurotypical children and adolescents. It alsorerad methods for increasing
variability in children and adolescents with ASDngsautomated programs and,

subsequently, naturalistic toy play settings.

Chapter 2 found that there were significant diffiees between the groups on
a naturalistic test of variability. Furthermorewl@ariability on this test was found to
be inversely related to overall rates of restrigtguktitive behaviours (RRBs) and, in
particular, the class of RRBs referred to as RépetSensory and Motor
Behaviours. Chapter 3 confirmed this differenceanability, this time using an
automated procedure which utilised the U-valuastatas a measure of uncertainty,
or variation on the data. A significant negativiatienship between U-value and age

was revealed, contrary to previous findings thpbreed a positive relationship.

Chapter 4 incorporated a sophisticated computegrpno which the
participants interacted with as a game. Some siitions were presented according
to different lag schedules and the effect of theng/ing lag requirement on levels of
variability in responding was measured. Significdifferences in variability were
observed between the control condition and thé&lagd lag 8 conditions, indicating
that the greatest variability is obtained in thegaence of the higher lag values.
However, the lag 8 condition produced slightly leasability than the lag 6
condition, suggesting that there may be a ceilffecewhen using lag schedules

with human participants.



Chapter 5 contained two experiments where the proes investigated in
the previous chapters were used to increase vhtiyahia socially significant
behaviour, play actions with toys. Significant mapements were noted for all five
participants with ASD and suggestions are madenfmrporating such procedures

into intervention programmes for this population.
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Literature Review

1.1.Variability as Operant Behaviour

It has been posited that variability is operantawebur that is shaped and
maintained by its consequences (Neuringer, 20B®)delivering reinforcement
contingent on variable responding it is possiblantoease the variability of an
individual’'s behaviour, allowing them to react irora complex and varied ways to
diverse situations. Machado (1989) reported thatbility is a property of
behaviour that shows sensitivity to its consequseel, therefore, is responsive to
operant conditioning. Depending on the contingesithat are present in the
environment, a high or low level of variable belwanimay be observed. Research
from the experimental analysis of behaviour corgsto illustrate that variability is
an operant dimension and that it is possible toese it through direct
reinforcement (Lee, Sturmey & Fields, 2007). Acting to Miller and Neuringer
(2000), typical behaviour manifests “differing lé&vef behavioural variability,
which are controlled by discriminative stimuli arednforcement contingencies” (p.
162), as is the case with the more commonly stuojpsatant behaviours such as
response rate, topography and force (Neuringem&aie, 2012).

1.1.1. Sensitivity to contingencies of reinforcement. There is much
support for the hypothesis that variability is unttee control of the consequences
that follow it. Pryor, Haag and O’Reilly (1969)gwided reinforcement to porpoises
for jumping, swimming, turning or diving in novelays. They delivered
reinforcement when the porpoises emitted behavlmtrthey had not previously
emitted. As a result of reinforcement of novep@sses the porpoises began to emit
a large range of varied and complex behaviours ey were in the experimental
context and, after a while, they began to emit bighas that had never before been

observed in their species. Blough (1966) reinfdrgar-pressing in pigeons when
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they demonstrated the least frequent of a settef-response times. All three
pigeons in this experiment were found to approx@@atandom distribution of inter-
response times in their bar-pressing.

Miller and Neuringer (2000) determined that dineshforcement of variable
sequences of button-presses during a computer ganh@ increase variability in
individuals with a diagnosis of ASD and neurotypioantrols. Initially,
reinforcement was delivered independently of vdeiabsponding Next, it was
contingent on variability and then it was indepearid# variability again. All
participants demonstrated significantly higher ability when reinforcement was
provided contingently. Also, for all groups, vduilgty remained high in the second
phase when reinforcement again was delivered imdkgely of response variation.
This suggests a maintenance effect for reinfor@ahility in children with ASD
and in neurotypical children and adults.

Balsam, Deich, Ohyama and Stokes (1998) awardedispgo student
participants for pressing buttons to navigate tghoa matrix on a computer. The
task involved a 6 x 6 matrix with a white square¢ha upper left-hand corner, the
start position, and a yellow square on the bottgmt+thand corner, the finish
position. The students were required to use “atown” and “arrow right” keys to
move the square through the matrix from the wigtgase to the yellow square.
Points were awarded for sequences of five rightfareddown presses. |If either key
was pressed more than five times, the white baxmet to the start position and no
points were awarded. Four conditions were uséldga0” condition where any
sequence of five right and five down presses reckpoints, a “lag 2” condition
where the sequence had to differ from the previmassequences in order to earn

points, a “lag 10” condition where the sequencetbadiffer from the previous 10
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sequences to access reinforcement and a “lag 2#litean where a sequence had to
differ from the previous 25 sequences for pointsé@awarded. The results showed
that as the variability criterion increased so\dhdiability in responding on the
matrix task. The authors concluded that: “It igslpossible to modulate variability
by using variability as a criterion for reward” (Bam, Deich, Ohyama & Stokes,
1998, p. 406). This provides further evidencetia operant nature of variability. It
can be influenced by its consequences in the saageaw other dimensions of
behaviour.

Neuringer (2004) reported that reinforcement caaswrfully and precisely”
control parameters of behaviour including whicheasp of a response will be
repeated, which aspects will vary and by how mugbss and Neuringer (2002)
illustrated this point effectively. They askedlegk students to draw rectangles on a
computer screen and awarded points for variatiderms of size, form
(height/width) and location on screen. They agpédifferent contingency to each
of the three study groups so that for each grouptavould be contingent on
simultaneously repeating along one dimension angingialong the other two e.g.,
maintaining the same location but varying size famoh. The participants were not
informed of the contingencies in place at any tbug nevertheless, the three groups
differed significantly from each other, with eaadlogp responding appropriately to
the contingencies in place for them. The precifleence of contingencies or
schedules of reinforcement demonstrated by Ros®landnger (2002) helps to
substantiate claims that variability should be ad&®d as operant behaviour.

1.1.2. Control by discriminative stimuli. A number of studies have
investigated the effects of using different disenative stimuli (Sds) along with

schedules of reinforcement to increase variahititgnimals, with much success
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(Grunow & Neuringer, 2002; Neuringer, Deiss & Ols2000; Page & Neuringer,
1985). Skinner defined the operant response ag loeintrolled by discriminative
stimuli as well as by consequences. Therefordjefudemonstrating that variability
in responding can come under such control provisigrificant step to further the
acceptance of variability as operant behaviour ajra@haviour analysts and others.
Page and Neuringer (1985) delivered reinforceneptgeons for repeating a
single sequence (LRRLL) in the presence of a bitg bnd for emitting variable
sequences in the presence of a red light. Afterye¥0 reinforcements the red and
blue lights were altered. The pigeons successledlgned to repeat sequences in the
presence of the blue light and to vary sequencdseipresence of the red light. The
experimenters then reversed the contingenciesiadadinforcement was delivered
for repeating sequences in the presence of thiggigdand varying sequences in the
presence of the blue light, and the birds quicklyersed their patterns accordingly.
Further evidence for discriminative stimulus cohtreer variability in
responding was offered by Denney and Neuringer&L9f their first experiment
the authors delivered reinforcement to rats forttmg variable sequences of lever
presses in the presence of one stimulus (the VARlition). In the other condition
(the YOKE condition) they delivered reinforcemeahtingent on pressing the levers
but independently of variability. The frequencyreinforcement in the YOKE
condition was matched to the frequency of reinforeet in the VAR condition. For
half the rats “light off/tone on” signalled the VA¢dndition and “light on/tone off”
signalled the YOKE condition. For the other hak tespective discriminative
stimuli were reversed so that “light off/tone omjrsalled YOKE and “light on/tone

off” signalled VAR.
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An extra precaution was taken in this experimemrsure that it was the
discriminative stimulus that was exerting contreéothe behaviour. The sequences
occurring immediately after the change of condiifand so the change in stimulus)
were analysed separately from those occurring taterlf the external discriminative
stimuli were influencing variability, differencesowld be seen immediately
following stimulus onset when the only informatiavailable was provided by those
external stimuli. This was in order to provideaskr evidence that it was the
stimulus change that influenced responding andowte other factor. The results of
this study showed that the discriminative stimuired control over the rats’
responding. When reinforcement depended on highhifity in the presence of one
stimulus, sequence variability was significantlgher than when reinforcement was
independent of variability in the presence of dedédnt stimulus. The greatest
differences in variability were seen immediateliyjdeing onset of the new
discriminative stimulus.

In a second experiment, Denney and Neuringer (1888gned three phases.
During Sessions 1 and 3 the procedure was identicdaht of Experiment 1
described above. In Session 2, the only differevae that the light and tone were
continuously off. Thus, the contingencies of rersement were the same but the
external discriminative stimuli were absent. Resshowed that there was a
significant difference in variability in the VAR driY OKE conditions of Sessions 1
and 3 but no difference in variability during themaili-absent session in between.
The authors reported that in this experiment,affibst sequence did not result in
reinforcement then variability increased in YOKElatecreased in VAR i.e., levels

of variability converged in this session.
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According to Denney and Neuringer (1998), contfolariability by
discriminative stimuli rules out another explanataf variability in behaviour — that
which asserts that it is elicited by decreasedoerement frequency or extinction
(Stokes, 1995). While there is evidence that tlvaseresult in increased variability,
such processes cannot control variable respondidgraintain behaviour change in
the specific way that direct reinforcement of vailidy can (Neuringer, 2002). This

will be examined in more detail in the sectionobel

1.2. Why isVariability Important?

Skinner (1938) reported that the process of opestaaping depends on a
foundation of response variation to begin with.u¢8essive approximations to some
goal response are selected for reinforcement attldput sufficient variation,
selection is difficult or impossible” (Page & Nenger, 1985, p. 429). Thus, the
shaping process for all the skilled actions inlibenan repertoire relies on the ability
to vary behaviour. Such variability provides tlasis from which appropriate and
adaptive behaviours can be shaped in the presénice appropriate discriminative
stimuli. Behaviour can be shaped only becausetisealways a distribution of
responses to select from (Epstein, 1996). Vairtgbiay therefore play a significant
role in the development of human behaviour.

Individuals frequently emit variable behaviour lmntining two or more
previously established behaviours in novel waydyyocombining old and new
behaviours and techniques. These variable pattéimshaviour, i.e., connecting
and combining concepts in new ways, provide eviddacthe theory that higher
variability of behaviour is adaptive for individsand for society. Different

repertoires of behaviour can come together in naations to produce new
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sequences or blends of behaviour or behaviourdthat new functionsVariability
can result in advances in science, education andrts and it can also improve
outcomes for the individual in terms of maximisiatential and developing talents
and skills.

According to Manoel and Connolly (1995) skills areated from the
relationship between the organism, the environmaadtthe task. As these three
components are continuously changing, the skitisired of an individual must be
flexible enough to accommodate such changes, vdreloften subtle in nature. The
authors also note that skilled actions are abautelationship between the means
and the end, with the means being adjusted to emgeater pay-off. Therefore,
variability in behaviour is reinforced through gedleing achieved and accessing
such pay-offs. Without the ability to vary behawipindividuals would not be able
to attain their goals if features of themselvesirtenvironment or their task were to
alter even slightly. For example, if a person’shihity was decreased due to injury,
they would adapt more effectively if they had tihdity to vary their behaviour; if a
teacher presented a previously mastered taskiifeaett way, a child would require
the ability to vary their behaviour in order to qolete the task.

1.2.1. Importance of variability for problem-solving. The ability to
behave variably is also an essential componentatfi@m-solving. In order to solve
problems, individuals must use their knowledge skillls in novel ways. Siegler
(1995) investigated number conservation in fivery@d children. Some were given
feedback on their performance, some were giverbfsgdand asked to explain their
performance and some were given feedback and aslegblain the experimenter’'s
reasoning that led him to that feedback. The thmip showed more learning than

the other two groups. The data showed that theébeuwf explanations proposed
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during the pre-test phase significantly predictectpntage correct in the training
sessions. Another significant factor was whethehnill gave two or more
explanations on a single item in the pre-test. sehwith multiple explanations had
higher percentage correct in the training phase thase who didn’'t. These two
factors together accounted for 55% of the variangeercentage correct in the
training phase. The author concluded that higlheatility is positively correlated
with problem-solving ability and skill acquisition children.

1.2.2. Importance of variability in the development of play and social
behaviour. The development of social behaviour in humansseaiethe ability to
emit variable responses. The importance of plaliéndevelopment of social skills
has been widely documented (Wenner, 2009). Chllrarn many important skills
through play but in order for play to function hig way the child must have the
ability to sample multiple materials and situatiofhey must also learn how to play
with toys and peers by trial and error and feedlbeark adults and other children. If
a child demonstrates low variability in their samglbehaviour and in their actions
with toys they are likely to miss out on the oppaity to acquire basic repertoires of
play as they cannot access the typical contingsribeg continually shape play
behaviours. In turn, this can mean that such cdnldlso miss out on the
opportunity to learn early social skills that moktldren learn through play. For
example, children with ASD have been shown to destrate low variability in their
sampling behaviour (Mullins & Rincover, 1985) andheir actions with toys
(Stahmer & Shcreibman, 1992). This may have ingmrimplications for their later
social abilities.

Demonstrating variability in play is reinforcingrfthe individual and their

peers (Neuringer, 2002) and it is likely that pt@yves as “variability training” for
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later in life (Sutton-Smith, 1975). During playikdren learn to respond to a variety
of discriminative stimuli and receive reinforcemémtdoing so in novel and
complex ways, thus laying the foundation for theedepment of social behaviour as
children mature. The ability to vary behaviousorial situations is tremendously
important. For example, individuals must vary tleginversation in terms of
content, tone and even volume according to thenest Furthermore, the ability to
differentiate between formal and informal soci#iations relies on the individual
having a varied repertoire and also on their abibtuse their social and
conversational skills in varied ways according\terechanging environments.

1.2.3. Importance of variability in intervention for ASD. Many authors
have discussed autism spectrum disorder (ASDymg®ef “keystone deficits”,
which once remediated, would result in positivedwa@bur change across many areas
of functioning (Mullins & Rincover, 1985; RincovetZook, Peoples & Packard,
1979). Mullins and Rincover (1985) suggested tbathing children to discriminate
changes in reinforcement schedules may be oneeaghtist important of these
keystone deficits to target and they also recomnteaching children with ASD to
effectively sample available options, thereby atigbehaviour patterns before
selecting the most appropriate one. This skilesponding variably would allow
children with ASD to maximise the available reirdement in a variety of
environments.

Furthermore, a lack of behavioural variability dso be described as a
keystone deficit within ASD. Teaching children wASD to vary their behaviour
across multiple repertoires may result in furtheindoviour change that is derived
from this. Mullins and Rincover’s finding that &fien with ASD are less likely to

sample available options in their environment mayddated to a lack of behavioural
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variability in the area of exploration. Increaswayiability in this population should
result in children with ASD being able to encourdegreater number of
contingencies, thereby maximising available reicéonent in their different
environments and would likely increase their apilg learn from naturalistic

settings (Mullins & Rincover, 1985).

1.3. Extinction Induced Variability

Many authors have argued that the results fourstlidies such as that by
Pryor et al. (1969) are due to the effects of etiim. The typical behaviours the
porpoises emitted were not reinforced and each tiv@g emitted new behaviours,
these were effectively placed on extinction, whkile experimenters waited for
“novel” behaviour in order to deliver reinforcemernt has been shown in many
studies that extinction and thinning schedulesofforcement induces variability
(Eckerman & Lanson, 1969; Stokes, 1995). Takimg¢hfindings into consideration,
how can we separate out the effects of extinctrmhschedule changes from the
effects of consequential control over variabiliyresponding?

Antonitis (1951) provided reinforcement to rats fpaking their noses
anywhere along a 50 cm opening, independentlyazftion. During training the
location of poking became increasingly predictalM¢hen reinforcement was
withheld, the rats showed increased variabilityhwéspect to location and now
emitted responses all along the 50 cm opening.s,Tthe author noted that
extinction had increased variability.

Conversely, Nevin (1967) provided reinforcemenpitpeons for pecking the
brighter of two discs. The birds achieved 70-8@%uaacy during training. When

10 extinction sessions were implemented the rego@tes decreased but the
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accuracies were maintained at their previous lev8ls, the pigeons did not vary
their responses when reinforcement was withhehs, &nd other research, was
presented as evidence for the stable nature obmelepy during extinction.

Eckerman and Lanson (1969) used intermittent sdbedund extinction to
investigate variability of responding in pigeorihey found that variability
decreased during continuous reinforcement andaseict during intermittent
reinforcement and extinction. However, follow-uplpes were not conducted so the
maintenance effects of extinction-induced vari&pgire still in doubt. Neuringer
(2002; 2004) reported that the variability elicitegla decrease in reinforcement
frequency or extinction will be short-lived, whileat resulting from direct
reinforcement of a variability contingency, will b@re resistant to extinction. This
was indicated by the findings of Miller and Neuem@2000), who showed that the
increases in variability in responding demonstrédaggarticipants with and without
ASD following contingent reinforcement of varialvkesponding were maintained in
the subsequent phase when reinforcement was pbame-contingently. However,
more research is needed to fully analyse maintenafiects of reinforced variability
in an applied setting over time.

Balsam et al. (1998) sought to investigate whetheas the surprise element
or the disappointment element of schedule chandezatinction that resulted in
increased variability. They taught three groupparticipants to respond to a
keyboard task involving a 6 x 6 square matrix. Useges of arrow down and arrow
right keys caused a light to move from the top tefthe bottom right corners. At the
end of every correct sequence participants recei@gabints. In the next phase,
Group 1 completed a block of 10 trials where thegerved no points, Group 2

completed 10 trials where they only received 1 pamd Group 3 completed 10 trials
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and received 100 points. If it was just the swgelement that produced variability
then all three groups would have increased vaitgbiHowever, the results showed
that the two groups who had a decrease in rewardeshan increase in variable
responding. The group which had an increase iamwemained unchanged. This
suggests that it was the reduction or removal iofsecement that brought about
increases in variability.

In a comprehensive investigation of the effectxdfretion on response
variability, Neuringer, Kornell and Olufs (2001 )gwided reinforcement to three
different groups of rats who responded in sequeattdsee presses across three
operanda (L and R levers and a key on the backo#fallchamber). In the VAR
group, reinforcement was contingent on the ratdtemgivariable sequences. In the
REP group, the rats accessed reinforcement whgrethéted a single repeated
sequence, while in the YOKE group the rats receregtforcement independently of
variations or repetitions. Following the reinfoment phase, they implemented an
extinction phase and then compared extinction aéi@forcement across each of the
three contingencies. Their findings were as folow

1. Rates of responding decreased across all groupsgdextinction, i.e., the
rats responded at a lower rate during extinctiomatter what group they
had been assigned to.

2. Sequences that had been emitted most frequentiygdilre reinforcement
phases were also emitted most frequently duringxtiection phases.

3. Sequence variability increased across all threaggaluring extinction with
those sequences that had been emitted most ranehgdeinforcement

showing the largest increase in frequency.
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The authors noted the seemingly inconsistent foglthat extinction resulted in the
pattern of learned responses remaining unchangee wesponse variability
increased. However, they concluded that the nmsiton responses remained
intact and the increases in variability during eation were due to the increase in
low-probability behaviours.

Furthermore, this study by Neuringer and colleag@2€01) added an
important insight to this on-going debate. Whesytbrdered the 27 possible
sequences from most probable to least, there \maghacorrelation between those
hierarchies across the reinforcement and extingtlases for all three experimental
groups. They reported that this was a signifi¢aualing as it indicates that,
consistent with the literature that shows mainteeanf previously learned
responses, previous learning was not “wiped out9{p). From their data, it was
clear that while high probability sequences remainéact, low probability
sequences increased in frequency in a small wativelto their baseline levels and
this increased the level of variability overallhi3 pattern of behaviour appears to be
functional from an evolutionary perspective wherebyanisms “stick” to
behaviours that have worked for them in the pakidlwis functional when
reinforcement is intermittent) but they implememtike of occasionally trying
something new (which is functional when reinforceiris depleted). In this way,
they will be successful in times of uncertaintyd d&i@nce the common finding that
extinction induces behavioural variability.

Duker and Van Lent (1991) reported that childretiwwntellectual
disabilities who had been taught to use gesturesaiad often used only a small
proportion of these topographies. They withheldfogcement for high-frequency

gestures and this led to an increase in differestuges being used as mands.
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Similarly, Lalli, Zanolli and Wohn (1994) used exttion procedures to increase
variability in toy play. At baseline, participargBowed no appropriate play with
toys. Firstly, the experimenters used positivafeecement techniques to train one
topography for each toy. Next, these topographiE® placed on extinction and this
resulted in the emergence of untrained topographiéese studies demonstrate that
extinction induced variability occurs across muéipehavioural repertoires.

Rogers and Ghezzi (2010) provided reinforcemeghtlmren with ASD and
neurotypical children for placing a ball into orfef@ur holes. The target hole was
highlighted with brightly-coloured paper. When treticipants reached a criterion
of 50 consecutive correct responses the extinciorlition was implemented and
there were no programmed consequences for pultengdll into any of the four
holes. During extinction, the children with ASDhtid to respond to a given
location for an extended period of time. When thejtched to a different location
they would then respond there for a longer perioithwe before switching to the
next location. The neurotypical children, howevegponded for only a brief period
of time (often just a couple of responses) befangching to a different location.
This indicates that the neurotypical children rexfedl more readily to the extinction
component than the children with ASD as they ineeelathey demonstrated
increased variability in responding more quicklyhe authors report that, in
particular for children with ASD, direct reinforcemt of response variability across
topographies is warranted in order to produce cdily relevant increases in

variability.
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1.4. Lag Schedules of Reinforcement

Under lag reinforcement schedules a responsegoiesee of responses is
reinforced if it differs from a specified numbermkevious responses (Lee, Sturmey
& Fields, 2007). For example, in a lag 1 sche@dutesponse or sequence of
responses will only be reinforced if it differs fincdhe previous one. During a lag 1
schedule, a participant could alternate betweernrésponses throughout the
reinforcement period and access reinforcementferyeresponse. In alag 3
schedule a response will only be reinforced iffiteds from the previous three
responses. Thus, greater lag schedules requiaéegteehavioural variability to be
demonstrated in order to access reinforcement.

Lee et al. (2007) described effects of differemtextules of reinforcement on
rates and patterns of responding. Typically, ratieedules will produce a higher
rate of responding but it will be more stereotypddle interval schedules do not
produce such a high rate of responding. The asithoted that differential
reinforcement of stereotyped responding is likelpecur with ratio schedules but
this is not as likely with interval schedules. Ylaso noted that variable schedules
are likely to result in higher variability in respaing than fixed schedules. Lag
schedules may be superior to the more traditiccteédules as the resultant
variability is due to the schedule directly actomgoperant variability, rather than
variability being a by-product, as is the case wn#ditional schedules. The
contingent reinforcement of variability, using lechedules, allows for a
strengthening of the relations between membersctdss of behaviours, as opposed
to the properties of a single response.

Lag schedules have been used effectively to inerezsponse variability in

human and non-human animal research (Susa & Sei)iag12). Page and
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Neuringer (1985) demonstrated that sequence vhtyabithe key-pecking of
pigeons could be increased and maintained on @daghedule. Neuringer (2002)
noted that this approximated a random responsag@ne Schoenfeld, Harris and
Farmer (1966) used a lag 1 schedule of reinforceéteancrease the variability of
inter-response times in the bar-pressing of ratse experimenters defined a series
of temporal class intervals. The rats were requioevary the intervals in which
their responses fell in order to access reinforecgmk a response fell in the same
temporal class as the previous one then reinforaemas withheld. In this way, the
experimenters were able to increase the variabilithe rat’s inter-response times.
Lag reinforcement schedules have also been usedrease variability in
applied settings. Lee, McComas and Jawor (20@2eased variability in the verbal
responses of two of their three participants wiDAusing a lag 1 schedule. Susa
and Schlinger (2012) noted that lag schedulesiofaieement can be arranged to
teach language that more closely approximatesdypanversation. They expanded
the work of Lee et al. (2002) by utilising lag &gl2 and lag 3 schedules to increase
variability in vocal responses of a boy with ASDatgocial question. They found
that variability increased as they increased thesidue. Napolitano, Smith,
Zarcone, Doodkin & McAdam (2010) increased variapih the colour and shape of
block structures of children with ASD using a lagchedule of reinforcement, while
Cammileri and Hanley (2005) used a lag 1 scheduiledrease variability in the
selection of activities of neurotypical studentsowtere reported have low
variability in this area. More recently, appliexkearchers have begun to investigate
the effects of increasing the lag requirement ug limg 3, demonstrating that higher
variability can be achieved when the lag valueseased (Heldt & Schlinger 2012;

Susa & Schlinger, 2012). The outcomes are progiaid they point to the
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superiority of lag schedules versus traditionaksithles when the target behaviour is
variability in responding.

Lee et al. (2007) noted that a possible limitatbrag schedules is that
participants may emit the minimal amount of variprequired in order to fulfil the
schedule requirement. This may actually leadecestyped patterns of responding.
In particular, on a lag 1 schedule, alternatingvieeh only two responses would
result in 100% of responses accessing reinforcem@fiiten using higher lag values
it is also possible that repetitive chains of regpog could be shaped. For example,
when using a lag 3 schedule a series of resporseRR R3 emitted repeatedly
would maximise all available reinforcement. Thaslbeen referred to as higher-
order stereotypy (Schwatrz, 1982b) and it is a iciemation for applied researchers

who use lag schedules to increase variability aceogariety of repertoires.

1.5. Measuresof Variability

1.5.1. U-Value Statistic. Predictability of an individual’'s behaviour depends
on both the range of alternative responses avaikablhem and the relative
frequencies at which these alternatives are emiiiiter & Frick, 1949). A
guantitative index of predictability based on thpaeameters is referred to by the
above authors as an “index of behavioural stergttyphe authors explain that this
term was chosen to represent orderliness in betialisequences “without
specifying whether the orderliness is due to legyniixation or lack of
understanding” (p. 317).

If there are only a few possible responses thengasier to predict
responding than if there are many alternativesusT hincertainty (U) is increased

when there are more alternative responses avagilahkre the uncertainty is a
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logarithmic function of the number of alternati®4iller and Frick (1949). This can
then be extended to include alternative responfsafering probabilities. The U
value is a widely used statistic in the literatpegtaining to operant variability
(Abreu-Rodrigues, Lattal, Dos Santos & Matos, 20Dberot, Jones & Neuringer,
1996; Neuringer, 2002, 2004; Stokes, Mechner & &als1999,). It is calculated
using the following formula (if there were 16 pddsiresponses, i.e., sequences of

four presses across two keys),
U = Y[(N1-19*(log2[N116]) ]/10ge(16)

where N equals the frequency of occurrence ofargiesponse divided by the total
number of responses. The U-value looks at theiloligton of response probabilities
with equal probabilities indicating high variabyliand unequal probabilities
indicating low variability (Neuringer, Kornell & @fs, 2001). In effect, U
approaches 1 when frequencies are approximatebl,eapud approaches 0 when one
possibility predominates (Neuringer, 2004). Inestivords, higher U-values (closer
to 1) indicate higher variability while low U-valsiécloser to 0) indicate lower
variability or more repetitive responding.

U-values have been used in research papers to dératenthat variability is
controlled by discriminative stimuli (Denney & Néuger, 1998); to show the effects
of different acquisition procedures on responséebdity (Stokes, Mechner &
Balsam, 1999); to investigate and modify behavibuagiability in depressed
students (Hopkinson & Neuringer, 2003); to compheelevels of variability
resulting from decreased reinforcement versus eeiefnent contingent on variable
responding (Grunow & Neuringer, 2002); to examitab#ity and variability in
extinction (Neuringer, Kornell & Olufs, 2001); tovestigate the effect of lag

reinforcement schedules on the variability of pigg€sequences of responding (Page
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& Neuringer, 1985) and to measure increases irakidity in individuals with ASD
when reinforcement was contingent upon it (MilleN&uringer, 2000).

1.5.2. Percentage of trialsin which variability contingencies are met.
Page and Neuringer (1985) used lag schedulesrdbreement to increase
variability in the sequences of key pecks of pigeomhey increased the lag
requirement across the experimental phases. Thsureof variability they used
was the percentage of trials in which variabilipntingencies were met. This was
calculated by dividing the number of trials thaguked in reinforcement by the total
number of trials.

1.5.3. Other Measures. Other measures for calculating variability in
responding include the frequency of novel respoes@tted, conditional probability
of responses, frequency of different responsessigsaion and statistical tests of the

distribution of responses (Neuringer, 2002; Newrmg Jenson, 2012).

1.6. Implicationsfor Learning and Performance

1.6.1. Creativity. The language of creativity is usually reservedtiier
product of the behaviour (Epstein, 1996). Theditiere doesn’t usually describe the
behaviour itself. This may be due to a lack ofensthnding of the factors that
influence creativity and variability of behaviouEpstein (1996) refers to behaviour
as being “ever-changing and ever-novel” (p. 8) sunggested that the overlapping
probabilities of many different behaviours coulddemsidered as an interconnection
of repertoires. It is clear that variability inHaviour is required for such
interconnections to occucCreativity has been described as an essential coampo
of problem-solving (Ruscio & Amabile, 1999), indicey that it is an important

repertoire for successful human development.
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Behavioural and cognitive psychologists have paied in much debate
over the effect of reinforcement on creativity,lwihe latter reporting an inhibitory
effect. Eisenberger and Selbst (1994) investigtitese arguments and through
carefully controlled experiments, they also soughesolve some of the issues that
had been raised. They noted that in studies im@lIkeinforcement contingencies,
cognitive psychologists frequently failed to uspeated presentations of reinforcing
stimuli as the behavioural studies did. They #lsquently reinforced low levels of
creativity. These factors were determined to effected the outcomes of their
studies.

Indeed Eisenberger and Selbst (1994) reportithatany of the studies
published in the behavioural literature, reinforestof low variability was used as a
reversal technique. In this way, researchers Bhoevn that contingent
reinforcement of high levels of variability resuilitshigh variability in responding.
When reinforcement is contingent on low levels afiability, variable responding
decreases and, when the high variability condisareintroduced, variability
increases again (Goetz & Baer, 1973).

Furthermore, Grunow and Neuringer (2002) studienl §poups of rats and
reinforced their sequences of lever presses athoss levers. One group received
reinforcement for low levels of variability, twoaups for intermediate levels and
one group for high levels of variability. They fadithat levels of variability were
directly controlled by the contingencies in place.

According to Eisenberger and Selbst (1994), theelral studies often
explained the contingencies to participants befaneland it was difficult to separate
the effects of reinforcement from the effects attinctions. While there is some

support for this process, the Ross and Neurindg®2Pstudy described above
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challenges this as the students were not givenrdogmation about the
contingencies in place or what they would haveaaadaccess reinforcement. As a
result of the contingency alone, they were ablepgat along one dimension and
vary along the other two. This powerful controtive absence of verbal instruction
challenges the argument that the success of belralstudies on reinforced
variability or creativity is due to instructionsdnot the reinforcement itself.

1.6.2. Problem-Solving. Becker (1981) described problem-solving as “an
organized effort for delivering unique and relevamlutions for opportunities and
undesirable situations” (p. 2). He described ih @seative endeavour as it involves a
search for unique, infrequent and relevant solgtidAroblem-solving can involve a
novel chain of previously-learned responses onelhmombination of previously-
learned responses (Mayfield & Chase, 2002). Whemstruction has been received
regarding a novel problem, individuals must relyirestruction received for previous
problems in order to generate a solution in theehowntext. In terms of education,
there has been an increasing focus on the imp@tainteaching and promoting
general thinking, reasoning and problem-solvindjteds (Bransford, Arbitman-
Smith, Stein & Vye, 1985). Students need to be &bluse their knowledge in
flexible ways and many researchers are investigahia optimum teaching methods
to enable them to do so (Ruscio & Amabile, 19983.teachers cannot prepare their
students for every problem they will encounteis important to make every effort to
equip students with the skills to approach novebfems in a way that will facilitate
creative and effective solutions. Students mugthde to relate novel aspects of a
problem to skills and ideas in their repertoira.tHis way they can generate effective

solutions.
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Ruscio and Amabile (1999) compared two approaachesablem-solving
that are commonly described in the psychologitatdture. The algorithmic
approach involves following clearly-defined stepwards a specific goal. The
heuristic approach involves following steps th& more general and exploratory.

Participants in the experimental groups were shomenof two videos
instructing them on a structure building task. &hgorithmic video showed the
instructor building the structure from start toigimin a series of specific steps,
similar to rote learning. Each new technique wéduced as a logical step toward
the final goal. In the heuristic video, the samehhiques were shown but they were
loosely grouped by functional similarity and noégented in a step-wise
progression. While participants in the heurisbadition were shown techniques
and information that would help them to completrthask, they were not at any
stage during the demonstration video shown a campleeven a partially-complete
model of the structure or given information regagdhow to construct it. To allow
for comparison across all the groups of participatitose in the heuristic video and
control (no video) groups saw a picture of the clatgal structure demonstrated to
the algorithmic group and told it was a sample batcould be constructed. The
participants then had 15 minutes to build theudttire.

Results showed that both groups retained the sameara of task-related
information and there was no difference betweemthremeeting the requirements
of the task (height criterion and using all avd#aimaterials). While the authors
reported the relationship between instructiondesayd creativity, they noted that
when students are taught algorithmically they llmore successful when a task is
similar to one they received instruction on, buewmmovelty or deviation is required

they perform less successfully than those taughtrmmore heuristic style and even
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those who have not been instructed at all. Fumbeg, while students in the
algorithmic condition worked at a faster pace appleared to be more confident,
they were less likely to generate novel solutianthe problem-solving task than
those in the heuristic condition. The authors reggbthat “students in the heuristic
condition tended to use learned techniques insarlg&l fashion and were more
likely to attempt problem-solving strategies thatimot been explicitly taught to
them” (Ruscio & Amabile, 1999, p. 263).

The findings of Ruscio and Amabile support thos#aler and Greeno
(1972), who also showed that algorithmic type instion resulted in greater skill in
solving problems similar to those previously mastlerHowever, a more heuristic
type instruction led to knowledge that studentdaoge in more flexible ways and
apply to new contexts.

Mayfield and Chase (2002) compared three diffenegtihods of teaching
algebra rules to college students. The traininthoas were the same but the groups
differed in terms of the practice sessions offatedng the training. The cumulative
practice group received additional practice on congnt skills combined with
practice on all skills previously mastered. Th&aaypractice group received practice
after each skill on that skill alone, while the pimreview group received practice on
one component skill at a time. Application taskd gasks that involved novel
combinations of the skills learned were used tduata differences between the
three groups of students. The results showedhkatumulative practice group were
significantly better than the other participantsaacuracy of application and
problem-solving skills as well as rate of correetfprmance on problem-solving
skills. Their retention was also significantly teet The authors suggest that this

was due to the fact that this group had receivaditrg in combining all skills
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learned prior to testing. They had experiencenatteng variability in their problem-
solving behaviour by combining mastered skills avel ways. The other groups did
not receive this type of practice and the authotschthat they tried fewer solutions
to the problems posed during the testing conditioftss study suggests that the
method of combining and recombining responses wast effective for solving
problems. The ability to vary behaviour and tryrtlings is a prerequisite for this
method.

An individual’'s ability to vary their behaviour and try new response
patterns contributes to their ability to solve pewbs and resolve difficult or aversive
situations in their environment. Epstein (1985msidered different performances
in problem-solving tasks as a function of paranseseich as the genes and history of
the person, current stimuli and how they change twee as a result of the person’s
behaviour. “Edison, as a baby, could not inveté had to learn to invent.
Something in his environment reinforced his peesisexploratory responses”
(Becker, 1981, p. 8).

1.6.3. Verbal Behaviour. Typical verbal behaviour is complex with a high
level of variability. In contrasthildren with ASD have been observed to have
limited vocal verbal repertoires and they commardg what language they have in a
repetitive manner (Susa & Schlinger, 2012). Cad léologinsky (1983) described
aspects of language such as spontaneity and #egdriversational skills as difficult
to teach to individuals with ASD. This may be da¢he absence of effective
contingencies rather than an inherent inabilityhe$ population to vary their verbal
behaviour (Miller & Neuringer, 2000). Lee et &#002) described how children with
ASD tended to give the same response to a givestigneevery time it was asked of

them. For example, if a child answers “Fine” eviemye they are asked “How are
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you?”, this can be described as invariable intdaa&klbehaviour. Similarly, children
with ASD have been shown to have low variabilitgheir mand frames (Betz,
Higbee, Kelley, Sellers & Pollard, 2011). They mesg “| want” every time they
mand. This does not reflect typical developmengénstchildren will ask for things
in a variety of ways e.g., “Give me” or “Can | h&vé his repetitive aspect of verbal
behaviour in children with ASD reflects the natofdhe disorder as it is defined by
repetition.

The prevalence of echolalia among children with ASBurther indication of
the low variability in verbal behaviour often denstiated by this population. Rydell
and Prizant (1995) report that 85% of children wiBD who acquire language, will
emit echolalia. Echolalia is, by definition, restive and repetitive. It appears to be
non-functional, though it can serve different fuocs for the individual such as
escape from instruction. Children who emit echalalay not come into contact
with contingencies that select and maintain valitghin language. If they are not
displaying the variable foundation that Skinner3@prefers to then they will not
have the opportunity to receive reinforcement tartsvariability. This could mean
that this group of children would retain low vaiiiélp in verbal behaviour into
adulthood.

In one of the earliest investigations into methfmtsncreasing variability in
the verbal behaviour of children with ASD, Lee, Mxftas and Jawor (2002)
provided reinforcement to three boys with ASD fesponding variably to a social
guestion using a lag 1 schedule but the resporaksolbe appropriate to the
context. They selected questions for which théi@pants typically gave the same
response. For two of the participants the questias “What do you like to do?”,

while for the third participant the question wasotare you?” They noted increases
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in appropriate variable responses for two of thi@ee participants. The same two
participants also demonstrated increases in thailative number of novel
responses to the social question across the stritydp The authors noted that the
participants who answered the question “What dolj@uto do?” often referenced
items that they observed in their environment wiggatying to the question. They
reported that it was likely that the response wastioning as a mand for those
items in some of the trials, and that the uncolgdoVariation of stimuli in the
environment may have prompted the variation inoagdpg of these participants.

Lee and Sturmey (2006) attempted to control fontdmeables in the previous
study by asking the same social question of tineget participants with ASD (“What
do you like to do?”) and by systematically conirajlthe number of preferred items
present in the course of the intervention in amrealg ABA) design. They conducted
a preference assessment to identify 10 preferrdd. @mon-preferred items for each
participant. At the beginning of each sessiontal wf 10 items were placed on a
desk next to the experimenter. Across three diffeconditions either 10, five or
none of these items were preferred, i.e., 100%, 600846 of the items present were
preferred. Following a baseline phase where apjatgoresponses were reinforced
on a lag 0 schedule, a lag 1 schedule was intraduResults showed that, similar to
the previous study, response variability incredsedwo of the three participants in
the presence of the lag 1 schedule. Furthermioegyrioportion of preferred stimuli
present in the environment did not affect the l@felariability demonstrated for any
of the three participants in this study.

Susa & Schlinger (2012) further expanded the wdikee and colleagues by
utilising lag schedules of reinforcement to inceettee number of different responses

required of a boy with ASD before he accessed oeteiment while systematically
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increasing the lag requirement in a changing ¢otedesign (lag 1, lag 2 and lag 3).
The target behaviour was variability in verbal i@sges to the social question “How
are you?” as measured by the average number abpeekesponses from which a
given response varied. They observed that the rupfltresponses from which each
response varied increased steadily across the lag 2 and lag 3 conditions. Heldt
and Schlinger (2012) sought to increase variahititiact responses, using a lag 3
schedule of reinforcement with two boys, one of mhtad mild intellectual
disability, the other of whom had Fragile X syndeanThey sought to expand the
previous work by including follow-up probes to ass#&r maintenance effects of the
procedure. Unlike Susa and Schlinger’s study, trexdag 3 schedule was
implemented directly following the baseline pha3éey found that variability in
tacting increased for both participants and thesesgwere maintained at a three-
week follow up. The authors posit that the redsoithe maintenance effect in their
study is likely to be that the lag 3 procedure nmosely approximates the
contingencies encountered in the natural environiitieam the lag 1 procedures
employed by Lee and colleagues, who observed enr&dbaseline variability once
the schedule was removed.

Jones (1990) noted that when individuals exhilpetigive or stereotyped
responding to social questions it can result ignsétisation, and restriction of
opportunities for more complex verbal interactiods more children with ASD and
other developmental disabilities are being integgtahto mainstream educational and
recreational settings, a greater degree of vaitialitross the verbal operants is of
increasing importance to this cohort.

1.6.4. Play. Play has been shown to lay the foundation for agapt

functioning in later life (Pellegrini, Dupuis & Sthi 2007; Wenner, 2009).
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According to Sutton-Smith (1975), play behaviouearly years is repetitive but
becomes more complex. Itis where a child develbpsapacity to deal with novel
situations and behave in variable ways when théiue demands it. Through play,
children learn to respond to a variety of discriative stimuli. Play encourages
flexibility and creativity that is likely to benéfihe individual throughout their
lifespan.

Spinka, Newberry and Beckoff (2001) proposed a thgmis of mammalian
play that they termed “training for the unexpectetii this hypothesis, play is
viewed as a way to rehearse the behavioural segsevitere some motor control or
balance is impaired and the animal must react uinkorder to survive. Similarly,
they must learn to react quickly and effectivelyhovel situations; their play
prepares them for this from a young age. The asthlgo noted that higher levels of
play occur among species that regularly experiehe@ging habitats. As these
species experience greater unpredictability irr tbevironment, they stand to benefit
from rehearsing the skills needed to establisheothirough their territory. Through
play, animals learn to respond to a variety of omhar situations. Animals that can
use a variety of skills, even in novel situatioaséthe greatest chance of survival.
Driver and Humphries (1988) investigated unprediditst in the behaviour of
animals and found that survival was the primarycfiom. Across many different
species, they noted variability in speed, topogyagfimovement and unpredictable
changes in direction.

According to Wenner (2009) it is the variable nataf free play that most
contributes to adaptive functioning in later lifit.fosters creativity and has
implications for the individual’s functioning inéhdomains of social, emotional and

cognitive development. Pellegrini (1995) examinaaigh and tumble play in young
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boys and found that the ability of the boys to stvifrom one activity to another
during this type of play was highly correlated wiieir scores on a test of social
problem-solving ability in later years. This sugtgethat the skills developed
through play result in greater flexibility in behawr in response to novel
circumstances in later life. “Juveniles use ptagample their environment in order
to develop adaptive behaviours....play influencestioeess of [evolution] by
supporting the development of new strategies irehemvironments during the
juvenile period” (Pellegrini, Dupuis & Smith, 2007, 261).

Neuringer (2002) suggested that the self-maintginiature of play serves as
evidence that engaging in variable behaviour maselygorcing for the individual.
The abundance of research demonstrating that \garginforcers increases the value
of those reinforcers (Bowman, Piazza, Fisher, Hegof Kogan, 1997) may
provide further support for this hypothesis. Ia ttase of individuals who
demonstrate low variability, reinforcing variabjliand conditioning a variety of
toys, may have important positive implicationsfisiure development.

Goetz and Baer (1973) delivered verbal praise @esphool children each
time they made new patterns using building blockise authors noted that novel
patterns were continually produced by the childrBrairing a reversal condition, the
praise was contingent on repeating previously nsadetures and novelty
decreased. However, when novel patterns were agiaiforced the variety of new
structures again increased.

Napolitano, Smith, Zarcone, Doodkin and McAdam (@0dxtended this
work in an attempt to increase diversity in thecklbuilding of six participants with
ASD. However, instead of reinforcing novel respthey delivered reinforcement

if a response differed from the prior response, itey delivered reinforcement on a
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lag 1 schedule. The lag schedule was employetivimof the participants for
varying the colour of blocks used, and for the otbear participants for varying the
form of the structures. All participants increasieeir response diversity, although
four of the six participants required teaching sesswhere the experimenter
modelled variant responses in order to achievedins Two of the participants
failed to return to baseline rates in the secors#lo@e condition. The authors noted
that this may be as a result of the new diversitsesponding acquiring reinforcing
value.

The findings of Goetz and Baer (1973) and Napatitanal. (2010) are
important as they demonstrate that variabilityleygehaviour can be increased
using reinforcement procedures. However, the tdrgkaviour under study, namely
block-building is an early play skill. In contragtmay be more difficult to increase
variability across the more complex levels of playg., functional play and symbolic
play.

Different and increasingly complex levels of plag abserved in the course
of typical development (Libby, Powell, Messer & dan, 1998). Sensorimotor play
emerges in the first year of life and involves babars such as banging, mouthing
and spinning. Here, the infant does not consigerfinctional properties of the
object or toy. Following this, the child beginsamit relational play where objects
are combined, e.g., by being placed inside eaddr athstacked on top of each other.

The next stage, functional play is described asiieeof an object in a
conventional way or the conventional combinatiotvad objects such as using a
spoon to feed a doll (Ungerer & Sigman, 1981).aln symbolic play has
commonly been deconstructed into three differermmhfo(Jarold, Boucher & Smith,

1993; Leslie, 1987):
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1. Object Substitution, which is described as gisine object to represent
another, for example, using a block as a bar gb;soa
2. Attribution of Absent or False Properties toitam, for example,
pretending a dry table is wet;
3. Imaginary Objects Present, for example, pretgnan empty vessel
contains water.
It is clear that symbolic play involves a high Iegévariability. Methods for
increasing variability across the different levelglay in the clinical population may

assist greatly with social interaction and thetegration into inclusive settings.

1.7. Generalisation of Variability to Untargeted Repertoires

Goetz (1982) reported that the generalisation effetreinforced variability
are more pronounced when they fall within simikesponse classes. Thus, when
measuring effects of variability training, a greagéect will be seen when the
transfer task is similar to the training task. sTuiggests that choosing tasks from a
variety of repertoires for variability training Wimprove outcomes and result in
greater overall variability in behaviour than targe specific or narrow repertoires.

Maltzman (1960) repeatedly presented college stsdeith a list of stimulus
words and asked them to produce free associatowreath stimulus word.
Reinforcement was provided for emitting a new weadh time a stimulus word was
presented. When he then asked the students taug@sefor an array of common
objects, these students generated significantlyeranusual uses than a control
group. While this study demonstrates a generais&iffect for variability in

responding, the tasks were quite similar and funtbgearch is necessary to
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investigate generalisation across repertoiresviofig reinforcement of variable
responding.

Holman, Goetz and Baer (1977) provided reinforagn@ preschool children
for novel drawings and found that novelty increaae@ result. When they observed
the same children building block constructions tdegnonstrated some transfer of
novel responding. In the subsequent phase, chilofréhe same age engaged in four
tasks independently: painting, drawing with a gdesgo® and wooden blocks.
When the children received reinforcement continggaan variability in their pen
drawings, they also demonstrated variability inrtpaintings — a topographically
similar task. However, they did not transfer ttiinge in variability to the
topographically different Lego or block buildingtas. While there is evidence that
operant variability can transfer to new skills, théent to which generalisation can
occur across repertoires is unclear. Napolitarad.€2010) increased variability in
the block building of six children with ASD usindag 1 schedule of reinforcement
with colourful plastic blocks. They conducted gelisation probes with wooden
blocks of similar size and colour but only one ggrant demonstrated a
generalisation effect of variability to the newnstili, despite the similarity to the
training stimuli. Five of the participants hadedst moderate problems with
restricted or sameness behaviour as indicatedebRépetitive Behaviour Scale —
Revised (Bodfish, Symons, Parker & Lewis, 2000artiBipant characteristics may
be an important variable in predicting how sucadsstidents will be at generalising
increases in variability to new stimuli and sitoas.

Following the lag reinforcement schedule whichréased variability in vocal
responding to a social question, Lee et al. (2@®&)stigated whether this variability

would generalise to new settings and listenerstiriglgeneralisation sessions any
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appropriate response to the social question wa$oreed, independent of
variability. They found that varied responding getised to different therapists and
settings in the absence of the lag schedule.

Harding, Wacker, Berg, Rick and Lee (2004) usettingent reinforcement
of novel responses to increase variability in tlekikg and punching techniques of
two martial arts students. They implemented therugntion in drill-type training
sessions. Next, they conducted a more realiséirislg condition that resembled a
naturalistic context for the demonstration of tachhskills. They found that the
increase in variability generalised to the untrdinentext.

Neuringer (2002) noted that the extent to whiemsfer occurs is one of the
most important of the remaining unresolved questiarthe area of operant
variability. It is clear that there is a need fesearch in this area to further
understand how generalisation of response varialbdinew repertoires may occur

and to identify the optimum methods for promotiht transfer.

1.8. Evidence of Response Variability in ASD

Repetitive and stereotyped behaviours are charsiitesf individuals with
ASD. This may be regarded as a lack of behaviouaaability as such behaviours
are, by definition, invariable. It has been dentiaited through research that
children with ASD are prone to perseveration (Mdl& Rincover, 1985); do not
sample available options in their environment (Bargc 1977); often respond to a
limited portion of their environment (Lovaas, Sdbrean, Koegel & Rehm, 1971),
and frequently demonstrate repetitive body movemant object manipulations,
insistence on sameness of environment or dailyrresitand circumscribed interests

(Gabriels et al., 2008).
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For example, Boucher (1977) asked children with A®I0 neurotypical
controls to choose one of two arms of a maze. nBweotypical children varied
between the two arms, while the children with ASihegrally chose only one arm.
When a third arm was added, the neurotypical aiildvere significantly more likely
to follow it than the children with ASD i.e., thaitdren with ASD ignored the new
option, suggesting a deficiency in sampling behavidMiller and Neuringer (2000)
provided reinforcement contingent on, and indepenhdg variability in button
pressing across different experimental conditiordsfaund that individuals with
ASD responded less variably overall than adult@midl controls.

Baron-Cohen (1992) asked neurotypical childreridam with intellectual
disability who did not have ASD and children witlSB to hide a penny in one of
their hands so that the experimenter would notithe 8 guess which hand it was in.
He found that children with ASD were more likelyaththeir peers in the other two
groups to generate a predictable pattern such iashavg between right and left
hands repeatedly and they frequently perseverateshe hand. The children with
intellectual disability didn’t perseverate on orant but they typically switched
between two hands, demonstrating some impairmerdriability. The neurotypical
children were able to produce more random patteortbat it was more difficult for
the experimenter to guess which hand held the penny

Mullins and Rincover (1985) noted that one of itin@st basic skills in
animals and humans is the ability to maximise mtégment. When faced with
concurrent variable interval schedules of reinfareat, organisms will respond in a
predictable way and follow the matching law whithtes that “the relative
frequency of responding on an alternative matchesdlative frequency of

reinforcement on that alternative” (Mullins & Ringgr, 1985, p. 352). When faced
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with two variable ratio schedules, maximising oscwhen the response with the
most lucrative reward/cost ratio is selected exeklg. Children with ASD may not
be able to match or maximise reinforcement wheadatith concurrent schedules
(Rincover & Koegel, 1975). This may be due to logperant variability in this
population. They may be stuck on one alternate@abse they simply have not
attempted to sample another one.

In order to assess the ability of children withDA® maximise reinforcement
and sample available stimuli, Mullins and Rinco{&385) observed the responses of
six children with the disorder to five concurrenhsdules of reinforcement. They
compared them to one group of neurotypical contrasched for chronological age
and one group of neurotypical controls matchedifental age.

During the training phase, five cards with a défetr Greek letter embossed
on each were presented simultaneously and pamitspeere asked to pick a card.
Prompts were used in this phase and participao&ved reinforcement for
removing a stimulus card from the display untillea€the stimuli had been
reinforced once. Next, the differential reinforeamhphase was implemented. Here,
each of five stimulus cards was assigned a difteselmedule of reinforcement (CRF,
FR2, FR4, FR7, FR11). Participants were instrutdgaick a card and this phase
continued until the participant selected a paréicekrd 80% of the time across two
consecutive blocks of ten trials. Once this catewas reached, the selected
stimulus was put on extinction while the other foards remained unchanged. If a
child was perseverating on this stimulus card df@r trials, it was replaced with a
blank white card to encourage sampling of othenlii Training continued until

the 80% criterion was achieved on a second stimzdrrs.
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Each of the neurotypical participants reached rooiteon the richest schedule
(CRF), therefore maximising reinforcement. Onlgaut of the six participants
with ASD did so. Of the other five, three meteribn on the FR2 schedule and two
on the FR7 schedule. The neurotypical participatit:iaximised reinforcement
again by reaching criterion on the FR2 schedutbénsecond phase. Five out of the
six children with ASD again passed up the CRF sglge@hoosing from the stimuli
matched to thinner schedules. On determining hamwyntrials it took the children to
reach criterion (i.e., how efficient they were)k tthildren with ASD took
significantly longer to reach criterion than theuraypical children.

The ASD group sampled fewer of the stimuli and @egsated on the
stimulus card that was on extinction for longemtlaay of the control groups. This
research provides strong evidence for the hypathbat individuals with ASD are
not as effective at sampling stimuli and chooshmagse which will maximise
reinforcement for them. This is likely to be reldto a lack of variability. In the
first phase of this research one participant sathpfdy one stimulus card in the
whole phase and reached criterion on that carden/this is generalised to natural
settings it implies that this population will hagiéficulty sampling novel stimuli in
the world around them and therefore may miss ouhany opportunities to access a
variety of social and tangible reinforcers.

The authors note that the participants with ASD destrated high rates of
“repetitive, stereotyped motor movements such gihnhic rocking or hand-
flapping.” (p. 353). This study concludes that gagticipants had an inability to
emit variable responses and so are unlikely to gathp available alternatives and

maximise reinforcement on concurrent reinforcensehedules.
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The goal of habilitation as it relates to appliehaviour analysis (ABA;
Cooper, Heron & Heward, 2007) is particularly reet/here. If practitioners are to
have habilitation as a goal of behavioural inteti@nthen it seems clear that
reinforcement of variability in behaviour must beaanponent of all ABA programs
for individuals with ASD in particular. Increasimgerant variability in repertoires
such as exploration, verbal behaviour and imagiegilay may have significant and
wide-reaching implications for the success of b&haal interventions.

1.9. Restricted Repetitive Behavioursand Low Variability in ASD

The DSM-IV (American Psychiatric Association, 20@@es repetitive
behaviour as one of the three defining features3i. However, compared with
the extensive literature published on the otherainmpents related with the disorder,
this class of behaviours continues to be relativelgerrepresented in the literature
(Lam, 2004). This fact is especially salient wioee considers the challenges that
repetitive or stereotyped behaviours can presenhétviduals with ASD, their
families and service providers (Turner, 1999) dreldiagnostic significance of such
behaviours (Bodfish, Symons, Parker & Lewis, 2000).

Much of the early literature on restricted repeéitbehaviours (RRBS) in
ASD and other developmental disabilities tendefbtois on stereotypical
behaviours such as rocking or hand-flapping. The$aviours were considered to
be defined by movement invariance and movementitepe(Rapp & Vollmer,
2005). Although repetitive behaviour was initialhought to have no obvious
function (Turner, 1999), it is thought now thag thmain function is automatic
reinforcement (Rapp & Vollmer, 2005) although ishEeen shown to serve a variety

of functions for different individuals e.g., soc@sitive and negative reinforcement.
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In the course of their work on developing a scalmeasure RRBs, Bodfish,
Symons, Parker and Lewis (2000) identified theofelhg six subscales: stereotyped
behaviour, self-injurious behaviour, compulsive &&bur, ritualistic behaviour,
sameness behaviour and restricted behaviour. fAlllese can be described as low
variability behaviours.

An in-depth analysis of clinical features ass@dawith the presence of
RRBs in individuals with ASD was conducted by Gals;i Curraco, Hill, Ivers &
Goldson (2005). These authors found that the lomsrerbal 1Q individuals had a
significantly greater presence of RRBs than thé Imgn-verbal 1Q group, thus, low
variability in behaviour was related to lower IQhey also noted that lower adaptive
ability was strongly related to the presence ohhigates of RRBs. Furthermore,
there was a significant correlation between gresles=p problems and higher rates of
RRBs and the authors also reported significanttpestorrelations between rates of
repetitive behaviour and the three subscales ofAberant Behaviour Checklist
(Irritability, Lethargy and Hyperactivity). Thigsearch indicates additional negative
impacts of low variability in behaviour.

Napolitano et al. (2010) reported that the findifrgsn the experimental
analysis of behaviour relating to systematicalipfieacing variability in responding
could offer a promising alternative to more trazhtl behaviour reduction-based
procedures used with individuals who exhibit RRB&uringer (2002) also noted
that providing reinforcement contingent on variapiin behaviour may help to
decrease such ritualistic and stereotyped behasidarthis way, direct
reinforcement of variability in behaviour could lbate the intervention of choice for

individuals who demonstrate high rates of RRBsis Tas clear practical and ethical
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implications as positive, reinforcement-based gations are always favoured over
punishment or extinction-based procedures.
1.10. Play and Variability in ASD

Children with ASD have been shown to demonstratetitve and rigid
patterns of play, i.e., they have low variabilitytheir play behaviour (Atlas, 1990;
Stahmer & Schreibman, 1992). The effects of thesligely to be two-fold. On the
one hand they are missing the chance to accunthltsomplex patterns of
behaviour that allow them to develop the capaatgedal with novel situations.
Furthermore, this type of behaviour can resultiuawillingness of their peers to
play with them, not just because they may have iragaocial and communication
skills, but because the peers may quickly becomeddoy repetitive play.

In addition, while children develop skills durintap, it is necessary for them
to emit some variations in their behaviour in ortleaccess the contingencies that
strengthen these, namely, parental approval, pésnactions and the intrinsic
enjoyment of the activity. It follows that if aitdhwith ASD does not have the
ability to vary their behaviour sufficiently to a&ss the naturally occurring
reinforcers in the environment, then shaping valitgn play through direct
reinforcement of variability may be advantageoligorograms for children with
ASD include direct reinforcement of variability lay behaviours, it is likely that
their adaptive functioning in later life will be gerior to those who do not learn this
skill.

Gorlitz (1987) reported that early exploratory babar was important as this
was how children become familiar with objects. rid¢ed that this type of behaviour
was correlated with the emergence of pretend plapme children. Royeurs and

van Berkelaer-Onnes (1994) built on this early wamki proposed that it was the
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lack of exploratory behaviour in ASD that resulted deficit in pretend play. Thus,
the lack of variability in exploration of childremith ASD demonstrated by Mullins
and Rincover (1985) may be related to the lackaoiability in toy play shown by
these individuals.

The type of play behaviours exhibited by childrathvASD has been the
subject of much debate and discussion. It is widecumented that children with
ASD engaged in rigid and repetitive behaviours watys (Atlas, 1990). They can
often show significant deficits in independent pigty, mainly due to repetitive and
stereotyped behaviours and attachment to specoy& tThis can impact negatively
on sampling and engagement with other toys (Pateksarco, 2007). As
independent play acts as a precursor to the sypi@é of play, namely, parallel play
and reciprocal or interactive play, remediatingsthdifficulties at the level of
independent play may have important implicationgltie development of more
complex play and social skills.

Many researchers report that the main difficult@schildren with ASD lie
in the areas of functional and symbolic play (Litgyal., 1998). Furthermore, there
are disagreements among researchers with somdingpaeficits in functional and
symbolic play (e.g., Singurer & Ugman, 1994), wiatbers report deficits in
symbolic play only (e.g., Baron-Cohen, 1987).

Jarold, Boucher and Smith (1993) noted that thexe evidence that children
with ASD could demonstrate symbolic play. Howevkey differentiated between
true symbolic play and stereotyped symbolic plhg, latter being more common in
children with ASD. This type of play may be aseault of particular play actions
being taught by adults and is invariable in natug.utilising procedures to increase

variability in play it is likely that more “true”ygnbolic play could be seen in this
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population. Mundy, Sigman, Ungerer and ShermaBgjlL8ompared the play of a
group of children with ASD, a group of children wintellectual disability and a
group of neurotypical children. They reported tinat children with ASD
demonstrated fewer different functional and symbplay acts than the other two
groups. In light of recent research on operantbdity, this outcome may be a
result of the children with ASD demonstrating desed variability in their play
behaviours relative to their peers, rather thambarent inability to produce
functional and symbolic play.

A variety of techniques grounded in the principdé#\pplied Behaviour
Analysis have been developed to improve and inerdasplay behaviours of
children with ASD (Stahmer, Ingersoll & Carter, 3)0 There is strong support for
the use of discrete trial methods (Smith, 2003)otail response training (Koegel,
O’Dell & Koegel, 1987) and video modelling (Paters® Arco, 2007), to name a
few. However, such procedures do not directlygavghat has been shown to be a
significant deficit for this population, variabiiin sampling of toys and in play
actions with and without toys.

While there are a few recent studies emerginghthaé demonstrated
methods for increasing variability in the verbahaeiour of children with ASD, the
same cannot be said for variability in play. Asdéed above, Napolitano et al.
(2010) implemented a lag 1 schedule with six chitdwith ASD to increase
variability in the colour of blocks and structufafms during a block-building task.
For four of the participants teaching trials wezquired, as the lag 1 schedule alone,
did not increase variability. However, all six fieipants demonstrated increased
variability across the intervention period, demoatstg that the package which

included a lag schedule was successful at incrgasinability in this task.
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1.11. Summary

The above review outlines the origins of reseanth operant variability in
the Experimental Analysis of Behaviour. This fieldresearch continues to produce
new information regarding the nature of variabibityd optimum conditions for
promoting it. The idea of reinforcing variable fgaihs of responding in the clinical
population is not a new one but it has been slopetmeate the literature. This is
surprising, given the necessity of behaving vayiablorder to succeed in our world.
This may be due to the fact that as infants, th@nty of individuals readily learn to
vary their behaviour by encountering numerous @mirental contingencies. Given
the social importance and value of creativity armbfem-solving skills, and of
varying behaviour across the repertoires of playgliage and social skills, these
frequently are selected and maintained throughasoainforcement. However,
problems can arise when individuals do not devétepability to vary their
behaviour e.g., many individuals with ASD diagnoses

The techniques that arise from human and non-hwamamal research will
allow us to teach variability through direct reirdement. This may act as a pre-
requisite skill for other higher-order behaviouMullins and Rincover (1985)
discuss the keystone deficits in ASD. By develgstrategies to remediate these,
we may see vast improvements in other skills withbem being directly targeted.
To this end, the emergence of several appliedesudrgeting increases in operant

variability, including verbal behaviour and plag,recent months is encouraging.

Behavioural variability is related to greater adaptunctioning due to the
ability to adapt and apply skills in new ways andlifferent environments. Itis an

essential component of creativity, problem-solvivgybal and non-verbal
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communication, meaningful independent and soca} phd exploration of
environment to take advantage of available reirgorent. It is valued in the
workplace and in academic pursuits as well as @mbsoontexts. Thus, the
identification of efficient and effective methods increasing variability is an
important pursuit that has potential to improvecoates among the clinical

population.
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Chapter 2

Study 1

Response Variability in Children with Autism Spectrum
Disorder: Comparisonswith Neurotypical Children and

Relationshipsto Restricted Repetitive Behaviour Subtypes
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2.1. Introduction

Researchers in the field of the Experimental Analg$ Behaviour (EAB)
have been investigating behavioural variabilitygeweral decades (e.g., Blough,
1966; Maltzman, 1960; Pryor, Haag & O’Reilly, 1969 this time they have
provided vigorous evidence for the operant natfireagability (Neuringer, 2002).
Furthermore, they have devised robust methodstweasing variability, one of
which is using lag schedules of reinforcement (R&ad&uringer, 1985). As more
applied researchers begin to investigate theseaugtlyrowing discussions of the
merit of using such procedures to decrease resdrieipetitive behaviours (RRBS) in
the clinical population, has been observed (Nagotf Smith, Zarcone, Doodkin &
McAdam, 2010).

The term restricted repetitive behaviours (RRB&reeto a broad class of
behaviours characterised by repetition, rigidityd anvariance (Lewis, Tanimura,
Lee & Bodfish, 2007). Lam, Bodfish and Piven (2D8&orted that numerous
studies had provided an explanation of RRBs invgwivo factors, a “lower order”
category called Repetitive Sensory and Motor Behag (RSMB) and a “higher
order” category called Insistence on Sameness 8)ile the RSMB category are
observed across different disorders (e.g., Tousedigrdrome), the IS category may
be especially important in autism research andvetgion as it appears to be
particularly characteristic of the disorder.

Lam et al. (2008) carried out an exploratory faetoalysis using the scores
of 316 participants with autism spectrum disorde8D) on 10 items of the Autism
Diagnostic Interview — Revised (Lord, Rutter & Lew@eur, 1994) that assesses
restricted repetitive behaviours. They recommeritdatia third category or factor,

Circumscribed Interests (Cl) be added as it appearée distinct from RSMB and
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IS. In their sample, Lam et al. (2008) noted R&MB was more prevalent in
younger participants, those with lower IQ and thwgb greater social and
communication deficits. IS was related to socral aommunication deficits and
possibly greater autism severity while Cl was ngmhidicantly related to IQ or any of
the other autism symptom domains on the ADI-R.

Despite the fact that the presence of RRBs isobtiee diagnostic features of
autism (American Psychological Association, 20@@)ate these characteristics
have not received the same level of attention@rdsearch literature as the social
and communication deficits (Turner, 1999). Funthere, they form a class of
behaviour that many clinicians and researchersidena problematic and pervasive
aberrant behaviour to target with intervention (@agham & Schreibman, 2008).

With applied researchers recommending that mettedsed from the
research on operant variability be investigatetbasediation strategies for RRBS,
this represents a shift in the conceptualisatioRRBs from a problem behaviour
that should be targeted through behaviour redugironedures (Rapp & Vollmer,
2005), to a deficit that may be addressed throegifarcement strategies (Lee,
Sturmey & Fields, 2007). The relationship betwBé&tBs and behavioural
variability has not been the subject of investigiatio date. While researchers have
shown that individuals with ASD demonstrate lowariability than their
neurotypical peers (Baron-Cohen, 1992; Miller & Neger, 2000), the level and
type of RRBs associated with low variability has been investigated. Miller and
Neuringer (2000) investigated variability in resdorg on a computer task with
adolescents with ASD (n=5) and child (n=4) and &fh#5) controls. They
demonstrated that the adolescents with ASD showedrlvariability than the other

two groups.
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In 1992, Baron-Cohen investigated response pattamd deception in
individuals with ASD using a simple game, commouoihgerved in parent-child
interactions. He reported that the children witBDA(n=15) were more likely to
generate repetitive and predictable patterns thasetwith intellectual disability
(n=15) or their neurotypical peers (n=15). Howeweither of these studies
measured RRBs or their relationship to low varigbih participants with ASD.
Thus, the extent of the relationship between padtef variability in responding and
the presence, severity and type of RRBS in indadslwith ASD is unknown.

The “Penny-Hiding Game” (Baron-Cohen, 1992) waslemented in the
current study as a measure of response variabilibe first aim was to investigate
the difference in levels of variability shown byrpeipants with and without ASD
using a larger sample than Baron-Cohen (1992) aildrMnd Neuringer (2000).
The second aim was to determine whether lower beteal variability was related
to higher rates of RRBs among the participants wlBiD. The third aim was to
determine whether particular categories of RRBslavbe more or less related to

low variability among this population.

2.2. Method
Participants
Two groups of children participated in this studyroup 1 consisted of 65
children with a diagnosis of ASD (56 male, 9 femal&roup 2 consisted of 65
neurotypical children (27 male, 38 female). Theamage of the participants in
Group 1 was 107.6 months (SD: 37.15, range: 49 Insaiot 203 months). The mean
age of the participants in Group 2 was 112.28 ne(8D: 42.63, range: 48 months

to 199 months). All participants in Group 1 hadaded a diagnosis of ASD in line
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with DSM-IV criteria, from a registered psycholagiwho was independent of this
study. Participants were recruited from mainstreahools and special schools and

through personal contacts.

Settings

The test was predominantly conducted in particigiasthools. Children
were brought to quiet areas of their classrooneds® a chair was brought outside
the door to the hallway. For some of the neuragparticipants it was not possible
to visit their school so the experimenter visitedit home instead. In this case, the
test was conducted in a quiet area of their hol$e test took approximately two
minutes to administer. Additionally, the RBS-R waquired for each participant
with ASD. These were either completed on the dagturned by post within one

week.

M easur es

The Repetitive Behaviour Scale-RevigBadfish, Symons & Lewis, 1999) is
a 43-item scale where the items are rated on apout Likert scale from 0
(behaviour does not occur) to 3 (behaviour occatsia a serious problem). The
items are grouped into six subscales: StereotBada@vior, Self-Injurious
Behaviour, Compulsive Behaviour, Ritualistic Belwawi Sameness Behaviour and
Restricted Behaviour. Lam and Aman (2007) conalateexploratory factor
analysis to test this structure using a large sar(g97 individuals with ASD). They
proposed a five-factor solution as follows: Ritgat/Sameness Behaviour, Self-
Injurious Behaviour, Stereotypic Behaviour, Compd<Behaviour and Restricted

Interests. Collectively, the five-factor struct@ecounted for 45% of the variance.
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The factors achieved Chronbach’s alpha scoresngrigpm 0.78 to 0.91, showing
acceptable internal validity. The inter-raterabllity was 0.88 and test-retest
reliability was 0.71. The Lam and Aman (2007) sogisolution was used in this

study.

Procedure

The RBS-R was completed by the teachers, speaalsnassistants or tutors
of the children in Group 1. Staff members complgthe questionnaire were
required to work directly with the participant odaily basis and have done so for at
least six months.

Next, the Penny-Hiding Game (Baron-Cohen, 1992; @dwand Ollendick,
1989) was carried out with each participant indisally. Baron-Cohen conducted
the game in two conditions with 12 trials in eaondition. However, he used the
first six trials in each condition for scoring. tlme current study, Condition 1 was
identical to that described by Baron-Cohen but @ard2 only contained six trials.

Condition 1. At the start of Condition 1, the experimentepwhd the
participant a coin and said “now I'm going to hitis coin in one of my hands and
you must guess which hand it's in”. There wered¢hphases in this condition, A, B,
and C. Phase A was referred to as the “no-losaS@h Here, the experimenter
actually had a coin in each hand so the participhmtys perceived that they had
guessed correctly. The experimenter provideddbencouragement using phrases
such as “l can’t believe you beat me again” ands"s@just too good at this game”.
This “no-lose” phase consisted of four trials. (& was a sequence of one person

hiding the coin and one person choosing a hand.
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Phase B was referred to as the “no-win” phase.e Hae experimenter
showed the participant a coin and then discretedpokd it into her back pocket so
that there was no coin in either hand. When thiBgi@ant guessed “incorrectly” the
experiment said “I got you that time” or “I thinkrl getting better at this”. This
phase also had four trials and the purpose watwvate the child to keep engaging
with the game and to try to get back to their pwiamning streak.

Phase C was the “real game” phase where the expetemplayed
competitively by hiding one coin unpredictably. i phase also had four trials.

Condition 2. In this condition, the child was asked to hide¢bh& so that
the experimenter could not find it. This conditimmsisted of six trials. If the
participants played predictably (kept the coinhia same hand or switched hands for
every trial) the experimenter guessed incorrech50% of the trials so that the

participant experienced “winning” and “losing”.

Scoring

A scoring system was devised based on Baron-Coli#@92) system. His
original scoring included an additional measuré tbak into account whether the
participants engaged in “cheating” or other decgptechniques that would suggest
the presence of a theory of mind in the participatiowever, as the current study
was concerned with the variability demonstratedhgyparticipants in selecting a
hand of the experimenter (Condition 1) and in cimapsgvhich of their own hands to
hide the coin in (Condition 2), the additional m@&&swas not required.

The current coding system was devised in ordeeterthine patterns of
responding demonstrated by the groups. Firstg/dtita was screened and a ranked

variability system was developed. Each data setseared in three parts, each
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containing six trials. For each part, a code wssgmed according to the strategies
used by the participants. Repeating (R) was défasechoosing the same hand
repeatedly for at least four trials in a row outled six trials (e.g., LLLL). Switching
(S) was defined as any four trials where the padits switched hands alternately
(e.g., RLRL) or using an Irregular Strategy (1) athiwas any sequence of responses
that did not meet the criteria for R or S (e.g.RR).

Categorising the data into three parts with thi@emtial codes for each part
resulted in 10 possible variability patterns focte@articipant. Table 1 lists the 10
patterns, ordered from least variable (RRR) to naastble (lIl), along with the
numerical score that was assigned to each oneok svas applied to each
participant according to the level of variabilityely demonstrated across the 18 trials
of the game. A score of 1 indicated least variglaliterns of responding and a score

of 10 indicated most variable patterns.
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Variability Score
Pattern

RRR 1
RRS 2
RSS 3
SSS 4
RRI 5
RSI 6
SSi 7
RII 8
Sl 9
1l 10

Table 2.1: Variability patterns and associated codes as autsf the Penny-

Hiding Game.

Data Analysis

The number of participants in each group who addesach variability score
was tallied in order to produce a graphical repreg@n of the obtained scores. The
two groups were compared to determine if thereavsignificant difference in
variability in responding between them using a Ma&vinitney U Test. A
transformation was performed on the variabilityresao stabilise the variance in the
residuals according to the following formula: W£0-x, where x was the original
value. Next, a-test was conducted on the transformed scoressirernhat the
outcomes would be robust with regard to statisticathod.

Variability scores for Group 1 were compared w@irtiscores on the RBS-R,

including scores on each subtest, in order to ifjeitrestricted repetitive
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behaviours were correlated with low or high vafipand to investigate whether
scores on a particular RBS-R subtype were moressrhighly correlated with low

variability than others.

2.3. Results

Descriptive Statistics

The mean variability score for Group 1 was 5.2B €52.67). The median
score was 5 and the range was from 1 to 10. Tlamwariability score for Group 2
was 8 (SD = 2). The median score was 9, whilegdhge was from 3 to 10. In
Group 1, nine participants achieved the lowestiptessariability score (1) as they
demonstrated the pattern RRR. This representghalével of repetition across the
test. No participant from Group 2 demonstrated gattern of responding.
Conversely, 16 participants from Group 2 demonstr#te highest possible
variability score (10), demonstrating the pattétn Only four participants from
Group 1 demonstrated this pattern. Figures 2.12ahdepresent the number of
participants in Group 1 and Group 2 respectivelpabhieved each of the 10

variability scores.
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Variability Scores Group 1 (n=65)
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Figure 2.1: Number of participants in Group 1 achieving eactiamslity score (1-

10).

Variability Scores Group 2 (n=65)
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Figure 2.2: Number of participants in Group 2 achieving eaahability score (1-

10).
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Inferential Statistics

Between-Groups Differences. A Mann-Whitney U Test revealed that Group
1 (Mdn =5, n = 65) demonstrated significantly lowariability than Group 2 (Mdn
=9,n=65)U=895,z=-5.72,p =< 0.0005y =.5. This represents a large effect
size (Cohen, 1988).

The data was then transformed according to thautar y =V10-x. The
transformed scores were used to conduct an indepesdmples t-test. Levene’s
test for equality of variances was not significeamtequal variance was assumed. The
t-test revealed that Group 2 demonstrated signitigdamgher variability than Group
11(128) =-6.183p < .00051 = .48. This was very close to a large effect.size

Correlations. Kendall's tau was used to determine if variabititpres from
the Penny-Hiding Game were related to scores fl@RBS-R for the participants
with ASD (Group 1). There was a significant negatielationship between
variability scores and total scores on the RBS-R;.24,p < .05. Significant
negative correlations were also observed betweeability scores and scores on the
Stereotypy Subscale= -.28 and the Self Injurious Behaviour Subscake;.28 (all
ps <.01). See Table 2 for significant correlations

Variability scores were not significantly corra@dtwith scores on the
Compulsion Subscale,= .05, the Ritualistic/'Sameness Behaviours Subscal -

.10 or the Restricted Interests Subscate;.11 (allps >.05).
Finally, there was no significant correlation beem the age of participants

and their variability scores,= .001,p >.05 across the entire sample.
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Variability RBSR RBSR RBSR
Score Total Score Ster eotypy SIB
score Score
Variability Score 1.000 -.243 ** -.281 ** -.281 **
RBS-R Total Score - 1.000 510 ** 486 **
RBS-R Stereotypy Score - - 1.000 369 **
RBS-R SIB - - - 1.000

Score

** p<.01 (2-tailed).

Table 2.2: Kendall's tau correlations between variability asodbres on the RBS-R.

2.4. Discussion

The data reported above corroborate the findinddilbér and Neuringer
(2000) and Baron-Cohen (1992) as the neurotypimalgdemonstrated significantly
more variability on the Penny-Hiding Game thanA8D group. The results were
robust with regard to statistical methods usedst or Mann-Whitney U Test. The
larger sample size of the current study, togeth#r the large effect size obtained,
add significant support to previous research is énea.

The significant negative correlation between tetares on the RBS-R and
variability scores from the Penny-Hiding Game réveat high levels of RRBs are
related to low variability among individuals withS®. The analysis of relationships
between variability scores and RBS-R subtypes teddhat low variability was
related to higher levels of stereotypy and selitiigus behaviour. However, there
was no significant relationship found between iy scores and compulsion,
ritualistic/sameness behaviour or restricted irgtsre

These findings are interesting as it is clear khatvariability was strongly
related to the category of RRBs described by Laal. d2008) as RSMB. These are

considered lower order RRBs. The other categoiteand CI correspond to the four
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subscales that were not significantly related toadality scores among this sample.
As these categories are considered higher ordersRR8possible that the
participants who emitted more of this sub-type tiedability to vary their behaviour
when it was functional for them to do so, i.e., wiieey wanted to “win” the game.

While some may believe that children with ASD anéikely to be motivated
by the social nature of this game, the experimestteerved throughout, with very
few exceptions, that the children enjoyed partitigain the game. They expressed
satisfaction when they “won” and dismay when thiegt®. This game appealed to
children across the spectrum of functioning, withnpteachers reporting
retrospectively that the children had requestedyirae or tried to play it with them
following this study. Therefore, it may be conctddhat a lack of motivation was
not related to performance on the Penny-Hiding Game

As RRBs have been reported to be in categorieswsdd and higher order,
the findings of the current investigation may haaportant implications. The
finding that lower order RRBs were related to lowariability warrants further
consideration. Lam et al. (2008) noted that loareler RRBs were correlated with
lower IQ in individuals with ASD. Future researsdnould investigate the
relationship between verbal and non-verbal 1Q aarthbility as this may lead to
important findings about the nature of low variapiin ASD and ultimately lead to
effective methodologies for increasing variabilitydifferent presentations of RRBs
in this population. The next chapter will furthevestigate response variability in
individuals with ASD using robust measurement tégines. Whilst the penny
hiding game represents a naturalistic means ahtestsponse variability in
children, a computerised test along with an autedhaystem of data collection

should allow further analysis of response pattefsithermore, such a programme
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can incorporate a statistical analysis using thealue statistic that will yield an
analysis of repetition and random responding. Thalue is a statistic that
measures uncertainty or randomness in a datdtggties a score from 0 to 1 with 0
being highly repetitive and 1 being highly variaf\euringer, 2002). It allows for
careful comparison between participants and thiegrable in order to expand the
findings of the current study by utilising parannestatistics to detect between group
effects. Other specific questions that are reladdtie findings of the current study
will be addressed, including the effect of age anability. Previous research
suggests a relationship but no effect was obsarvidte current study. The next
chapter will investigate this further using robststistical methods and an automated

data collection system.
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Chapter 3
Study 2
Investigating the Differences in Variability betwee
Children with Autism Spectrum Disorder and Neurotypical
Children: Relationships to Age and Receptive Languge

Ability
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3.1. Introduction

As noted in the previous chapter, the presencestficted repetitive
behaviours (RRBSs) is one of the diagnostic critearaautism spectrum disorder
(DSM IV-TR, American Psychological Association, 200 Individuals who
demonstrate high rates of RRBs can be said to loaveariability in their behaviour
as highly stereotypic responses are, by definitiorariable (Neuringer, 2002).
Individuals with autism spectrum disorder (ASD) édeen shown to have low
variability in multiple repertoires, including veabbehaviour (Lee, McComas &
Jawor, 2002) and play (Stahmer & Schreibman, 1992).

Numerous studies have investigated the impactwfariability among this
population. Boucher (1977) asked neurotypicaldrkih (control group) and children
with ASD (experimental group) to choose between &awas of a maze. The
children in the experimental group tended to chaydg one arm of the maze
throughout, while the control children varied betwwehe two arms. When a third
arm was added, the children in the control groupevia more likely to sample it
than the experimental group, who tended to ignoeenew option. This study
demonstrated that children with ASD showed low afaility in novel exploratory
behaviour. Impairments in sampling and exploratir@y result in an inability to
maximise the available reinforcement in differemtieonments. Pierce and
Courchesne (2001) described the narrow or redtrigiege of interests identified in
children with ASD as a reduced tendency to expém@ examine novel
environments or elements of such environmentss @buld then lead to missed
opportunities to learn from stimuli outside of ano& range of interest.

Mullins and Rincover (1985) assessed the abilitgiolidren with ASD to

sample available stimuli and maximise reinforcemerheir immediate
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environment. They asked participants with ASD aedrotypical controls to choose
one of five cards. Each card was a discriminagtu@ulus for a different schedule of
reinforcement (CRF, FR2, FR4, FR7, FR11). Thermbmparticipants sampled all of
the five cards and quickly learned to choose tiheduale that produced the greatest
reinforcement. The experimental group sampled feaeds and often perseverated
on a less optimal schedule. This study indicdtegbtential difficulties that result
from low variability in sampling behaviour, mosttably the tendency to “miss out”
on a range of naturally occurring contingencies.

Furthermore, children with low variability in thesampling and exploratory
behaviours may have difficulty in discovering respe patterns that yield the
greatest amount of reinforcement. In this wayy tmay fail to contact the
contingencies for shaping such behaviour pattemdgf@ey may not develop
appropriately, leading to disadvantages in this ameo adulthood. For example, if a
child with ASD does not sample and explore theuiemment, they may miss out
on the shaping processes that result in neurotlypindlalren developing such
exploratory behaviour (Skinner 1938). In this wingy may fail to encounter
opportunities for greater access to reinforcersthadlevelopment of novel interests
and experiences. This may have an adverse effemtsathe lifespan with the
resultant narrow range of circumscribed intereffexcang their social integration.
Neuringer (2002) described the inability of theldtgn in the Mullins and Rincover
(1985) study to emit the type of behaviour that lddacate the optimal schedule of
reinforcement as “a failure to adapt” (p. 687).islimay have implications for a
person’s ability to be successful in social, acadeand occupational pursuits.

The various types of RRBs emitted by an individiiajnosed with ASD are

thought to be related to various aspects of tHeircal presentation. Turner (1999)
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referred to stereotypical behaviours, object mdaipans and self-injurious
behaviours as lower order behaviours that aree@&t more significant impairment
in intellectual functioning. She described traish as restricted interests and
unusual attachments to objects or toys as higltard&*RBs that are related to higher
intellectual functioning (see also Lam, Bodfish &/n, 2008). Gabriels, Cuccaro,
Hill, lvers and Goldson (2005) reported that nombed IQ was negatively correlated
with the Sameness Behaviour subscale of the Regeiehaviour Scale - Revised
(Bodfish, Symons & Lewis, 1999). Lam (2004) repdrta lack of published
literature examining the effect of cognitive furmcting on the presence or severity of
repetitive behaviours. This is an area that wasréther investigation in order to
improve our understanding of the factors that imfice variability in behaviour,
across individuals with autism, and indeed othriadl presentations.

Miller and Neuringer (2000) directly reinforced iadility in responding on a
computer game and compared the performance of smites with ASD to that of
adult and child controls. They found that partgifs with ASD responded
significantly less variably overall than the adtgintrol group and, while they
showed less variability than the child control gypthis did not reach statistical
significance. However, this study did not evalyasdeticipants’ performance in
relation to differential participant characteristic

Analysis of the literature pertaining to operantiakility reveals a dearth of
investigations on the effects of variables suchgesand gender on variability in
responding. Sutton-Smith (1975) described eady pkehaviours as repetitive and
reported that play became more complex and vageteachild grew older. In 1960,
Hanlon compared groups of children at two differages (3-4 years and 6-7 years)

using a checkerboard maze. She found that the dhieren showed greater
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variability in the paths they chose across the dhodMore recently, Bancroft (2011)
investigated variability in selection responsesorariety of tasks including
selecting different coloured crayons for colourisglecting different outfits for a
dressing task and selecting beads for threadiegildren with autism and
neurotypical children. Outcomes revealed thatetheas no significant difference in
variability as a function of gendefmhe author noted that in the case of the
neurotypical children, as age increased, so dib#ity in responding, i.e., older
participants were more likely to be classed aslihigriability”. However, this
outcome was not observed in the sample of childigm ASD as variability
remained stable with age in this group.

While there remains a paucity of operant variapil@search with human
participants, the basic research has considereguistion of age as a moderating
variable on response variability. Neuringer anchttey (1992) examined the effects
of age, gender and contingency on the variabilityeguences of lever presses in
rats. They found that younger rats showed higheakility in response patterns and
that there was no gender difference in responsehibty. Variability was sensitive
to contingencies with the rats demonstrating hidgéegls of variability during the
VAR condition, where reinforcement was contingemtvariation, than in the YOKE
condition, where reinforcement was independentaoiation. The finding that
younger rats showed higher variability is contreryhe human research described
above but further research on this phenomenon risantzd.

The current study aimed to further investigatedifierence in variability
between children with ASD and neurotypical childr&pecifically, in order to more
carefully control the conditions under which vari@pwas measured, a computer

program in the form of a game, adapted from Mi#led Neuringer (2000), was
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developed for this purpose. In this study, thegpan calculated a U-value statistic
as a measure of variability in responding for eaatticipant in order to determine
the distribution of response probabilities.

The U-value examines this distribution, with eqoualbabilities indicating
high variability and unequal probabilities indicagilow variability (Neuringer,
Kornell & Olufs, 2001). In effect, the U-value appches 1 when frequencies are
approximately equal, and approaches 0 when onebidgpredominates
(Neuringer, 2004). In other words, higher U-val(@eeser to 1) indicate higher
variability while lower U-values (closer to 0) imdite lower variability or more
repetitive responding. By comparing U-values,dbeent study aimed to examine
the difference in variability between the experita¢and control groups. Additional
analysis was conducted, based on supplemental resagsuorder to investigate
whether low or high levels of variability were redd to language ability, age or sex

in children with ASD and separately in childrentygdical development.

3.2. Method

Participants

This study involved three participant groups vattotal of 30 participants.
The experimental group (EXP) comprised 10 childugth a diagnosis of ASD (6
males and 4 females) aged between 5 years, 9 m@&tmsonths) and 13 years, 4
months (160 months) with a mean age of 106 mor@Bs< 8.5 months). All of the
participants in the experimental group had beeaszesl by an independent
psychologist and had been found to meet the DSMi#gnostic criteria for ASD.
All participants with ASD attended an ABA schoot 80 hours per week and had

received between two and five years of ABA inteti@nat the time of the study.

65



Variability and ASD

The participants in this group all had impairedbatehaviour relative to their
chronological age. They communicated via pictwe@hange or vocal utterances.
The first control group was matched to the EXP grims sex and
chronological age (CCA). It comprised 10 neuratgbchildren who attended a
mainstream primary school without any additiongdmurts. They ranged in age
from 9 years, 2 months (110 months) to 13 yeamspbths (161 months) with a
mean age of 143 months (SD = 6 months). The secomitol group (CAE) was
matched for sex and age equivalence as indicatéldebgge equivalent scores
obtained by the EXP group on the Peabody Pictuabiolary Text — 4 (PPVT-4).
This group comprised 10 neurotypical childrenoéivhom attended either a
mainstream preschool or mainstream primary schabbwt any additional supports.
They ranged in age from 3 (36 months) to 6 yearspiiths (79 months) with a
mean age of 71.5 months (SD = 3.5 months). Thiamwas included to control for
the effect of language ability as many of the ggrtints in the EXP group had
delayed verbal repertoires. The matching procedtilised in this study resulted in
matched triads whereby each participant in the Gddap had two controls, one in

the CCA group and one in the CAE group. Tableli8t& the set of 10 triads.
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Experimental Group Controls Matched for Controls Matched for
(EXP) Chronological Age (CCA) Age Equivalence (CAE)
Participant Agein Sex Participant Agein Sex Participant Agein Sex
number years Number years number years
and and and

months months months

1 12:2 F 11 12:5 F 21 6:3 F

2 13:4 F 12 13:5 F 22 4:3 F

3 6:5 F 13 6:2 F 23 6:7 F

4 59 F 14 5:6 F 24 3:1 F

5 8:10 M 15 9:3 M 25 31 M

6 6:10 M 16 7.2 M 26 31 M

7 6:7 M 17 6:4 M 27 6:3 M

8 7:0 M 18 7:10 M 28 3:0 M

9 11:8 M 19 11:112 M 29 6:0 M

10 11:2 M 20 11:9 M 30 4:9 M

Table 3.1:List of matched triads along with demographic infation (age and sex).
All 30 participants had the ability to sit at al@bappropriately and attend to

an activity or person for extended periods of t{piES minutes).

Measures

The Peabody Picture Vocabulary Test Fourth EditionForm A (PPVT-4;
Dunn & Dunn, 2007). The PPVT-4 is a norm-referenced instrument contgi2i28
test items that measure the receptive vocabulachitdren and adults. Participants
are required to discriminate one target from aayaof four pictures by either
pointing to the picture or by saying the numberesponding to their picture of
choice. The PPVT-4 does not require the partidipamteract verbally with the
examiner and reading and writing are not necesdarg.a useful tool for
participants who have difficulties with these pautar skills (Dunn & Dunn, 2007).
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The PPVT-4 yields a Raw Score which can be congenti® a Standard Score and,
in turn, into an Age Equivalent Score.

A norm sample of 3,540 individuals was collectedetst the PPVT-4. They
were aged between 2 years, 6 months and 81 yEesm aged 2 years, 6 months to
61 years a target of 50% male and 50% female wed arsd from ages 61 to 81
years target percentages were based on the USgtiopul The PPVT-4 has been
shown to have good internal consistency. The-gplitreliability was calculated for
Form A and Form B of this test across the entirenmative sample. These were
shown to be very consistent across both forms aachged .94 or .95, which is
considered very high. The authors note that rdiii@s for the preschool and
kindergarten age groups were “as high, if not higtiean for the older age groups.

In earlier versions of the instrument, the age \emant score was referred to
as “mental age”. This instrument was also usadany published studies as a
measure of non-verbal 1Q. For example, Reed, Bfiebip McHugh, McCausland
& Leader (2009) used the British Picture Vocabulacale (BPVS, Dunn, Dunn,
Whetton & Pintilie, 1982), which is derived frometPPVT but standardised for use
with children in the UK, as a measure of mental age the authors also made
comments pertaining to the IQ of their participantselation to their scores on the
BPVS. In the newest edition, the authors no lomgfar to the score as an IQ score
but a measure of receptive language. The PPVTsiclwasen for the current
purpose due to its ease of administration anduitalsility for the EXP group, many

of whom had limited verbal repertoires.
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Apparatus and Materials

Hardware for program presentation. A Hewlett-Packard laptop (HP
Pavillion dv6000) using Windows Vista operatingtsys was used in this study. It
had 512. 0 MB RAM with processing speed 1600. HzM The screen measured
33cm x 22cm.

Response hardware (input device)An Ergodex DX1 input system with
programmable response keys was placed 2 cm indfdahe laptop. It had two
buttons (L & R) placed 8 cm apart.

Computer program. A program in the form of a game to measure
variability in responding was loaded onto the cotepuThis program was designed
to the specifications of the experimenter for theppse of the current study. It
recorded every sequence emitted by the partici@adsised this data to calculate
the U-value statistic for each individual partigipaccording to the following

formula:
U = Y[(N1-19*(log2[N116]) ]/ 10ge(16)

The developer was a qualified technician and anl@yep of the National
University of Ireland Galway. He had prior expege and expertise in developing a
range of data driven applications for research @sgp. The developing environment
was Visual Studio 2008 (Express edition) and tleg@amming language used was

VB.NET (.NET version 3.5).

Setting
The patrticipants in the EXP group completed all porrents of the study in a
quite area of their classroom that was separated fhe main classroom by a screen

and only the student and experimenter were inatga. The control children, who
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attended primary school, completed all componehtiseostudy in the office of the
school secretary. Only the student and the ex@erien were present with the door
open and the secretary working in the hallway detsiThe children who attended
preschool completed all components in a playrodached to their classroom. Only
the student and the experimenter were in the roainthiere was a large window so
that the teachers could observe the scene atrabti Participants sat facing the

computer and the experimenter sat approximatelgttaraway.

Procedure

The Peabody Picture Vocabulary Test (PPVT) was adtered to the ten
participants in the experimental group. This measielded an age equivalence
score that was used to select participants fogtbep matched for age equivalence
(CAE). Ten neurotypical children were matcheddex and for age-equivalence in
this way. A further ten neurotypical children wenatched for sex and
chronological age. The PPVT was then administevede participants from each
control group to obtain standard scores for latsitical analysis.

Following the PPVT, all participants completed tdoenputer program. The
neurotypical children completed the PPVT-4 anddbmputer program on the same
day, while the children with ASD completed themhintone week of each other.

Computer Program. Before the session commenced the following
instructions appeared on the computer screen:

“In this game you must make happy faces appeaherstreen by pressing the two
buttons. If you can fill the big circle on the sen with faces then you will get a
prize. If you see a red box on the screen you maista second before pressing the

buttons”
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The experimenter pressed one of the buttons tbteagame and a large
circle appeared in the centre of the screen. ritatoed the outline of 15 smaller
circles in which a smiley face appeared when &wrés reinforced. In this study,
one trial consisted of a sequence of four pressestber left (L) or right (R) buttons
e. g, LLLR, RLRL, RRLL. There were 16 possiblgsences of four presses. Each
button emitted a different tone of .2 seconds domavhen pressed. Table 3.2 lists
all 16 possible sequences of four presses acredsvthbuttons.

Sequence Options

1. LLLL
2.  LLLR
3 LLRR
4 LRRR
5. RRRR
6 RRRL
7 RRLL
8 RLLL
9 RLRL
10. LRLR
11. LRRL
12. RLLR
13. LRLL
14. RLRR
15. LLRL
16. RRLR

Table 3.2:List of all 16 possible sequences of four pressasg two buttons.

After each sequence of four presses there wassepdwne second, during
which a red box (6cm x 6¢cm) with STOP written withti appeared on the screen.

During this time, if the participant pressed eithatton no tone sounded and this
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press was not counted as part of the next trfad. button was pressed while the
STOP box was on the screen the box remained timéiteone second had passed
without any buttons being pressed.

Each time a trial was reinforced a yellow “happygfaappeared in one of the
small circles (see Figure 3.1). The criterionffoishing the computer program was
to obtain all 15 “happy faces”. At this point mugilayed, balloons floated around
the screen and the happy faces became animatdohgsamd winking. This lasted
for 30 seconds and then an opportunity was preddoiehe students to select a
secondary reinforcer from their choice board. Gheice boards used for the EXP
group were the same ones they used during thedosday. These were maintained
as the items on the choice board had been idahtlilugh a preference assessment.
The control participants were also given an oppotytio select a reinforcer from a
choice board. These choice boards were constrimiled/ing consultation with the
appropriate teachers. They contained optionsdigcting preferred toys or books to
engage with for two minutes. There were two sg#tifor the computer program —

training and testing.

Figure 3.1:Screen shot of computer program during trials.
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Training Phase. A training phase was conducted to teach the ppatints
how to use the computer program, in particulaetxh them to respond in sequences
of four presses. During the training phase, thgearmenter read through the
instructions with the participant. If the partiaig was only responding on one
button during the first game the experimenter S&athember there are two buttons”
but did not intervene in any other way unless tigpant stopped responding, in
which case the experimenter said “let's keep gtingee what happens at the end
and get your prize”. This phase consisted of iHstper game with an FR1 schedule
of reinforcement in operation. After 15 trials @&r@erion was reached and the 30
second music and animation was accessed. A tangibiforcer was also delivered
at this point. This served as a conditioned regdofor engaging with and
completing the program.

In the training section a correct trial was defi@sca sequence of 4 button
presses followed by a one second pause while tliPIIox was on the screen. The
experimenter observed and recorded the frequencgroéct trials during the
training phase. The criterion for progressingi® testing phase was set at 10
correct trials out of 15 during the training pha#dl participants reached this
criterion in two training sessions or less.

Testing Phase. In this phase the computer game consisted of 8I3 trith
50% of trials obtaining reinforcement. In each gad¥ reinforcers in the form of
“happy faces” were delivered randomly across tre 19 trials. The 30trial was
always reinforced to complete the circle (15 “hafguyes”) and signify the end of
the game. At this point the music and animatiocuo@d and a tangible reinforcer

was delivered as in the training session. Thedsfices between the training and
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testing phases were that there were 15 trialsrqptete a game in the training phase
and 30 trials in the testing phase. In the trgimphase every trial was reinforced
while in the testing phase 50% of trials were r@ioéd with reinforcement randomly
distributed.

Each participant completed five games in the tggtimase, resulting in 150
trials for each participant. The computer prograovided the following output for
each participant:

e asummary of the sequence emitted for every trial;

* whether each sequence was reinforced or not;

« asummary of each of the 16 possible sequencetharicequency at which
each one occurred;

¢ a U-value for each set of 150 trials.

Data Analysis

A within group ANOVA was conducted to examine thiéedlences in
variability between the experimental, chronolog@gé control group and age
equivalence control group. Further statisticallgsia was conducted to determine if
higher variability scores were correlated with ghtar standard score on the PPVT-4.
Pearson product-moment correlations were conduotawestigate if there were
relationships between U-value and non-verbal 1Q@n@lue and age among the
entire group (n=30). Furthermore, correlationsennducted to determine if there
were relationships between these factors amongehmsotypical group (CCA +

CAE, n=20) and among the EXP group (n=10) sepatatel
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3.3. Results

Figure 3.2 displays the mean age in months for gamlp. Included in the
graph is the mean age equivalent score for the g&&p, demonstrating that, as a
group, they performed significantly below their @hological age on the PPVT-4.
Thus, the mean age of the control group matchedderequivalence (CAE) is
significantly lower than that of the control grooqatched for chronological age
(CCA). This meant that a range of ages was repteden the sample of
neurotypical controls (one group with a mean age ydars and one group with a

mean age of 4 years).

Mean Age in Months
120

100

80

60

40

20

0
EXP CCA CAE

Figure 3.2. Mean age in months of EXP (experimental group), B(age

Age in Months

EXP AE

Groups

equivalence scores of the EXP group), CCA (chrogiold age matched controls)

and CAE (age equivalence matched controls).

Table 3.3 summarises the mean U-value, along Wétstandard deviations,
for each group. The mean U-value for each grouppeesented in Figure 3.3. For

the EXP group the mean U-value was 0.45, SD = @a¥ge: 0.07 — 0.80). The
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mean U-value for the CCA group was 0.59, SD = @ta@8ge: 0.08 — 0.93), while the

mean U-value for the CAE group was 0.73, SD = Qrafge: 0.30 — 0.94).

Group Experimental Control — Chron. Control — Age Equiv.
(EXP) Age (CCA) (CAE)
Mean Standard Mean Standard Mean Standard
Deviation Deviation Deviation
U-value 0.45 0.59 0.29 0.73 0.19

Standard 53.10
Score

Age in 105.90
months

103.40 13.31 108.70 11.98

108.00 36.91 53.00 16.57

Table 3.3:Mean U-values and Standard Deviations for theetigreups.

0.8
0.7
0.6
v 0.5
T 0.4
203
0.2
0.1

Mean U-Value

CCA CAE

Groups

Figure 3.3:Mean U-value for each group (Experimental, Chrogmal Age controls

and Age Equivalence controls).

Figure 3.4 represents the mean standard scoreedPRWT-4 for each group.

The mean standard score for the EXP group was 530.@- 24.01 (range: 30 —

103). The mean standard score for the CCA groupi8.40, SD = 13.31 (range:
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82 - 123). Finally, the mean standard score ferGAE group was 108.70, SD =

11.98 (range: 91 — 128).

Mean Standard Score as Indicated by

PPVT-4
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o
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¥ I I
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Groups

Figure 3.4 Mean standard score (SS) for the 3 groups (Experial, Chronological

age controls and Age equivalence controls.

A one-way ANOVA revealed a significant differencel-value between
groups F(2,27) = 3. 53p =.043). A Tukey post hoc test revealed thatithealue
was statistically significantly higher in the casitgroup matched for mental age (.75
+.19, p =.034) than in the experimental group ¢424). There were no
statistically significant differences in U-valuetiveen the experimental group and
the control group matched for chronological agé ¢528), or between the two
control groups.

A Pearson product-moment correlation was conducieigtermine if there
was a relationship between participants’ U-value teir language ability as

indicated by standard score on the Peabody PVThé&re was no correlation
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between U-value and standard score (251,p =.181) A second Pearson product-
moment correlation was conducted to determineeifdtwas a relationship between
the U-value and age among the entire participanig(n = 30). There was a
significant negative correlation between U-valud age ( = -.402,p = .027).

Data from the two control groups combined (n =&8je analysed to
determine whether standard score on the PPVT-genauld be related to the U-
value in a neurotypical population. A Pearson podadnoment correlation was
conducted and no significant relationship was detebetween U-value and
standard score € -.065,p = .785) or between U-value and age(203,p = .391)
among this group.

Finally, the data from the experimental group waalygsed to investigate the
same relationships in a population with autismPeé®arson product-moment
correlation was conducted and there were no sagmificorrelations between U-
value and standard score<-.272,p = .447) or between U-value and age=(-.618,

p = .057) in this sample.

3.4. Discussion

The results of Study 3 are surprising for a nundfeeasons. Firstly, it was
expected that the experimental group would dematessignificantly lower
variability than both of the control groups. Whalesignificant result was revealed by
the analysis of variance (ANOVA), the post hoc #siwed that there was a
statistically significant difference in U-value taeten the experimental group and the
age equivalent control group but none existed batvike experimental group and
the chronological age controls. Furthermore, theas a significant negative

correlation between U-value and age indicating tivatyounger participants
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demonstrated higher variability. This is contraryprevious reports that variability
increases with age (Bancroft, 2011). However, wiherdata from the experimental
group and the combined control groups were analgspdrately, no such significant
effect for age was observed for either set of pgnts.

It was hypothesised that the standard score oRFNET-4 would be
positively associated with U-value. This assoormativas not observed in the current
study. This indicates that higher receptive lamgguability (formally referred to as
“non-verbal 1Q”) was not found to be associatedwinicreased behavioural
variability in this study. Further investigatianwarranted to answer this research
guestion should researchers be interested in fgiengifactors associated with low or
high variability.

Interestingly, results revealed that althoughdbetrol group matched for age
equivalence (CAE) were matched to the EXP grouprakag to their age equivalent
scores on the PPVT-4, the CAE group demonstratgtfisiantly higher standard
scores than the EXP group on the PPVT-4, indicdtigbger language ability. This
indicates that the CAE group performed better #vgrected for their age on this
measure. This discrepancy must be considered wkenpreting the outcomes of
the study.

The outcomes of this study do not fully suppbé tindings of Miller and
Neuringer (2000), whose data suggested that chilanel adults of typical
development were significantly more variable thdolescents with ASD. In the
current study, only the CAE group were significamtiore variable than the EXP
group. This indicates that the control group, \alad a lower mean age, differed
significantly from the participants with ASD altingh the control group matched for

chronological age (CCA), who had a higher mean dglenot. However, visual
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inspection of the data reveal that the participantis ASD did indeed demonstrate
lower variability than both control groups but @féect did not reach statistical
significance for the CCA group. The aim of thisdst was to investigate whether
children with ASD would demonstrate lower variaiyilihan their neurotypical
same-age peers and age equivalent peers. Thenmggndicate that this is the case.

A measure of age equivalence determined by raeefaihguage ability using
the PPVT-4 may have yielded a somewhat limiteduagg ability score.
Nevertheless, the ease of administration of theTRBR\especially with the ASD
group, meant that it was not problematic to inclitées a variable in the current
analysis. As there were no significant effectscae conclude that there was no
effect of language ability on variability in thiareple. However, the extent to which
we can generalise this finding to cognitive funetig is limited and could be the
subject of further analysis in the future.

It became clear in the course of the study thatiésegn of the computer
program may have affected the motivation of theofghrticipants. The majority of
the participants in the control groups reporteiplg computer games in their spare
time. The games that the older participants playredsophisticated and complex
and the current program may have appeared pantiadiynentary in comparison.
The secondary reinforcer was added to addresssthie and, anecdotally, the
experimenter can report that the participants mgly engaged with the program

throughout the study.
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Future directions

The current study raises a number of areas fanduihvestigation. Firstly,
the effects of age and 1Q on variability merit duotohial investigation across
neurotypical populations and also with individuaith ASD. Considerably larger
sample sizes would be desirable. Indeed a lage study or a longitudinal one,
tracking changes in age, I1Q and variability overd;j is likely to address some of the
inconsistencies in findings that exist amongst sofrtee studies utilising smaller
sample sizes, including the current one. Furthnemktedge of the developmental
trajectory of variability within an ASD populatiosill yield more information on the
moderating variables that affect it over time.

Considering the appeal of technology to childret adiolescents with and
without an ASD diagnosis, this is an area that args further investigation. It is
likely that the development of appealing computegpams for use with the clinical
population would lead to a high level of motivatimn engaging with such
programs. In this way individuals could practiesponse variation at the level of
the computer program at least and this may incréneseability to vary across other
repertoires of behaviour.

Finally, additional research that investigatesdfiects of low variability on
the adaptive functioning of individuals with ASD uld add to the literature in a
positive way. It is important for researchers alwlicians to understand the impact
of low variability for individuals with ASD and tivefamilies. The development of
methods for ameliorating low variability in indiwidls with ASD may have
important implications for their overall learningchdevelopment. The next two
chapters will investigate methods for achieving tam. In Chapter 4, a

sophisticated computer program incorporating ldgedales of reinforcement will be
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utilised. In Chapter 5, two experiments will besciébed that apply the findings of
the previous chapters to an applied setting aratialyy significant behaviour,
variability in play actions with toys. Chapter 4lvaddress some of the limitations
of the current chapter by incorporating a profasai@nimator and designing an
appealing and engaging interface. Furthermoreefiieets of different lag schedules
on the variability in responding of participantshva diagnosis of ASD and their
neurotypical peers will be evaluated in order &niafy potential remediation

strategies for the low variability commonly obsetve individuals with ASD.
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Chapter 4
Study 3
Increasing Variability in Children with Autism
Spectrum Disorder and Neurotypical Children Using Lag

Schedules of Reinfor cement
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4.1. Introduction

Lag schedules of reinforcement have been useatttease variability in
responding in both basic (Neuringer & Huntley, 1982uringer, 1992; Cherot,
Jones & Neuringer, 1996) and applied (Cammileri &léy, 2005; Napolitano
Smith, Zarcone, Doodkin & McAdam, 2010) researcthmfield of behaviour
analysis. Lag schedules involve the delivery offozcement if a response, or
sequence of responses, differs from a pre-detedmoenber of responses (Page &
Neuringer, 1985). For example, under a lag 3 sdleed response would be
reinforced if it differed from the previous threesponses while under a lag 10
schedule, a response would be reinforced if ieddt from the previous 10
responses.

Lag schedules have also been used to investigatgpirant nature of
variability, commonly compared with a control caimoh where reinforcement is
provided independent of variability. To date thajonity of the publications
incorporating lag schedules are in the area otlrasearch. Increasingly, these data
have begun to inform the applied research, witless\studies emerging in recent
years (for example, Cammileri & Hanley, 2005; Le&&rmey, 2006; Napolitano et
al., 2010) detailing the use of lag schedules ¢oeiase variability in play and
language in the clinical population. The progressn utilising such procedures to
increase variability in response patterns, fromdi@sapplied research, is indicative
of the value that researchers and practitioners@aneplacing on variability as a
target behaviour in humans. Furthermore, lag adeednay offer an efficient and
reliable tool for increasing response variabilityem this type of responding is

necessary or desirable.
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While several studies have emerged that emplogdhgdules to increase
variability, the majority of the applied researdsltbeen limited to a lag 1 schedule.
In light of the outcomes that basic researcherg liemonstrated (for example,
inducing marked increases in response variabilitii pigeons using lag 5 and lag 10
schedules (Abreu-Rodrigues, Lattal, Dos Santos &k1&2005) and even a lag 50
schedule (Page & Neuringer, 1985)), the use ohitjleer lag values with human
participants is an obvious area for further ingegtion. In 2012, two research papers
were published involving the use of lag scheduesdrease variability in the verbal
behaviour of participants with developmental difabes. Susa & Schlinger (2012)
used lag schedules of reinforcement to increasanttaverbal responses of a boy
with autism spectrum disorder (ASD). They increbitee lag requirement from lag
1to lag 2 and then to lag 3 in a changing critedesign. They observed that the
number of previous responses from which the cumesgonse differed increased
steadily as the lag requirement was increaseddtteld Schlinger (2012) increased
variability in the tacting of two boys, one of whdrad mild intellectual disability,
the other of whom had Fragile X syndrome. Theylangented a lag 3 schedule
directly after the baseline phase and they noteckased variability in tacting for
both participants. Furthermore this increase wastained at a three-week follow-
up. These studies illustrate the beginning of &ertoward the increased use of
these types of strategies in the applied field.

The outcomes reported in the previous two chaeisate that children and
adolescents with ASD demonstrate deficits in valitghn responding. Such
findings are consistent with previous researchiaditate a repertoire of behaviour
that warrants intervention. Possible moderatirgois identified include the age of

the individual (although there is contrasting ewicke as to the nature of this effect)

85



Increasing Variability using Lag Schedules

and the level and type of RRBs emitted. The cursardy aimed to identify possible
remediation strategies for this effect. To thid,ahinvestigated the effect of lag
schedules of reinforcement on the variability afp@nse sequences of children with
ASD on a computer task. The task involved a coerpatogram in the form of a
game that required participants to fulfil a lagemion in order to progress through it.
A primary aim of the study was to determine if E&sing the lag criterion would
increase the level of variability as measured leylfhvalue statistic. It was expected
that U-values would be higher when variability veastingent on increased
variability, i.e., higher lag values would produugher U-values. A secondary aim
of the study was to compare how two groups of pigdints, one comprised of
neurotypical children and one comprised of childnetth ASD, would perform on
this task, with the neurotypical children expedi@demonstrate higher variability
than the children with ASD. Following on from tfiedings in Chapter 2 and
Chapter 3, the differences in responsiveness atiedsvo groups to altered lag

schedules, was also of interest in this study.

4.2. Method

Participants

Ten children with a diagnosis of ASD and ten neypital (NT) children
participated in this study. The participants rahgeage from 5 years 2 months (62
months) to 15 years 1 month (181 months) at the tfithe study (mean age = 107.5
months, SD = 43.8 months). The ASD group was labébroup 1 while the NT
group was labelled Group 2. In Group 1, four @& garticipants attended an Applied
Behaviour Analysis School for children with ASDrélke attended a special school

for children with ASD that did not have ABA as gemary methodology and three
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of the participants attended mainstream schookaceived some additional resource
hours. All of the children received a diagnosi®A&D according to the DSM-IV
criteria from a psychologist who was independerthcdf study. There were nine
boys and one girl in Group 1. All of the partiaipsiin Group 1 were reported to
have basic literacy skills.

The patrticipants in Group 2 all attended a maiastrechool. None were
diagnosed with ASD or any other developmental tvalv@ural disorder. None of
the participants in Group 2 were in receipt of &#ddal supports in their school. The
participants in this group ranged in age from 6ryed month (73 months) to 12
years 1 month (145 months) at the time of the s{otan = 113.4 months, SD = 8.5
months). Group 2 was comprised of eight boys amddirls. All of the participants
in Group 2 had basic literacy skills. Table 4.$a#es the participant

characteristics of the two groups.
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Participant Group Sex Age ADOS-R Scores
Number (years:months)

Comm. Social Total

1 1 Female 10:4 3 6 9
2. 1 Male 8:0 3 5 8
3. 1 Male 8:0 5 7 12
4, 1 Male 9.2 10 18 28
5. 1 Male 15:1 2 6 8
6. 1 Male 5:2 3 6 9
7. 1 Male 8:2 8 11 19
8. 1 Male 8:9 7 7 14
0. 1 Male 5.7 4 9 13
10. 1 Male 10:11 9 11 20
11. 2 Male 10:3 n/a n/a n/a
12. 2 Male 11:2 n/a n/a n/a
13. 2 Male 10:4 n/a n/a n/a
14. 2 Male 12:0 n/a n/a n/a
15. 2 Female 12:1 n/a n/a n/a
16. 2 Male 6:7 n/a n/a n/a
17. 2 Male 6:1 n/a n/a n/a
18. 2 Female 7:8 n/a n/a n/a
19. 2 Male 9:1 n/a n/a n/a
20. 2 Male 9:3 n/a n/a n/a

Table 4.1:Participant information for Group 1 (age, sex ardl0’s-G scores) and

Group 2 (age and sex)
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Apparatus

Program Hardware. A Hewlett-Packard laptop (HP Pavillion dv6000)
using Windows Vista operating system was usedigvdiudy. It had 512.0 MB
RAM with processing speed 1600.0 MHz. The screeasured 33cm x 22cm.

Response hardwar e (input device). An Ergodex DX1 input system with
programmable response keys was placed two cmim @fcthe laptop. It had four
keys placed in a row and each were 2cm apart.

Computer program. A program in the form of a game to measure
variability in responding was loaded onto the cotepuThe program had six
settings, five of which corresponded to a differeaitie of the lag schedule. The
sixth setting was a control condition where rein@ament was provided independent
of variability. The program provided output in toem of a U-value statistic for
each of the six settings.

Development of the computer program. This program was designed to the
specifications of the experimenter for the purpofsthe current study. A
professional animator was hired to improve the igaf the program, i.e., to reflect
a typical computer game. The images were creatiedj Adobe lllustrator. It was
decided that animals would be used as the chasaetethey are appropriate for a
wide age range and they are immune from gendes| i@ed age biases that the
participants may have had.

The colour palette was varied but consisted mahlyrimary colours. The
animator designed 10 “levels”. See Table 4.2 fdescription of the levels. In each
level, the character took 10 movements/steps thrdee target item and this was

followed by a subsequent level appearing on theescr
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Level Description
1. Dog searching in holes in a
garden for a bone.

2. Monkey swinging from tree
to tree to reach a bunch of
bananas.

3. Bear climbing up a ladder

and across a gangway to
reach a treehouse.

4, Bee flying from flower to
flower to reach a jar of
honey.

5. Frog leaping from stone to

stone to across a pond to
reach some insects.

6. Worm moving through an
underground system of
passages to find an apple.

7. Rocket flying from planet to
planet to reach a birthday
party.

8. Mouse running and climbing

through the mouse-holes in a
room to reach some cheese.

9. Octopus swimming around
rocks and plants to find a
friend.

10. Hen climbing up through a
chicken coop to reach some
eggs.

Table 4.2:Description of each level of the computer program.

Once the drawings were completed by the animatdeyvaloper created the
program following consultation with the experimentds in Study 3, the developer
was an employee of the University and had expeirisieveloping a range of data
driven applications for research purposes. Theldging environment was Visual

Studio 2008 (Express edition) and the programmangliage used was VB.NET
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(.NET version 3.5). Figure 4.1 illustrates the a@pus as it was presented to the

participants.

Figure 4.1:Apparatus: The laptop and Ergodex® with the progoandisplay.

An important consideration in designing the prograas the number of trials
(sequences of key presses) required to calculatd thalue statistic in a manner that
allowed for a degree of certainty that the obsenisttibution was approximately
representative of the “true” distribution. It welear that having a large number of
trials would result in the program taking a longéito complete, with boredom and
distraction becoming a problematic possibility. wéwer, it has been noted that U-
value calculations require large amounts of datéi¢M& Neuringer, 2000).

As the program aimed to incorporate lag schedyte® & lag 8 value, it was
decided that four presses across two keys wasppobpriate as this only allowed 16

possible responses. It would be difficult to fudfilag 8 schedule (where each
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sequence must differ from the previous 8 sequenoe®r these conditions.
Therefore, it was decided that four keys would $edu When using sequences of
four presses across four keys, there are 256 pessfjuences { Although there

are no set criteria for determining the responsebar for the U-value statistic, a
“minimum of four responses per alternative” hasrnbegggested (G. Jensen, personal
communication, & April, 2010). This would result in 1024 trialsibg required for
each lag value in order to calculate a U-valuesech. This was deemed impractical
for the current purpose.

An alternative was decided upon that limited thenbar of possible
sequences. It involved four presses and four Kayseach key could only be used
once per sequence, so that the variability canma thee order in which they were
pressed. This reduced the number of possible segado 24. As the last response
in such a sequence is a forced choice (as themyone key remaining), this
requirement was removed to decrease response, effsulting in a “4 choose 3”
permutation task. In this way, allowing for fouats per possible sequence resulted
in 96 trials per lag value. See Table 4.3 fosstdrf all possible sequences of 3

presses across the four keys, A, B, C and D.
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Sequence
ABC BCD CDA DAB
ACB BDC CAD DBA
ABD BAC CBA DBA
ADB BCA CAB DCB
ACD BAD CBD DAC
ADC BDA CDB DCA

Table 4.3:List of all possible sequences of three pressassadour keys.

The program consisted of 6 different conditionsemheach condition
consisted of 96 trials, resulting in a total trialmber of 576 per participant who
completed the program. Five of the conditionsegponded to a different lag value
(1, 2, 4, 6, or 8). The sixth acted as a contooldition. Within the program,
participants were randomly assigned to one of $atitings: A, B, C or D. Each
setting presented the conditions in a differenegrthe purpose of which was to
control for the order of presentation of the lafuea. The aim of the study was not
to investigate the effects of increasing the lageancrementally across conditions,
but rather to look at performances under diffecamtditions reinforcing variability.
Therefore, it was important to alter the order gentation of conditions across
participants. Table 4.4 describes the order irctvthhe conditions were presented in

each of the four settings.
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Setting  Condition Condition Condition Condition Condition Condition

1 2 3 4 5 6
A lag 1 lag 2 control lag 4 lag 6 lag 8
B lag 2 lag 4 lag 8 lag 1 control lag 6
C lag 1 control lag 4 lag 8 lag 6 lag 2
D control lag 2 lag 1 lag 8 lag 4 lag 6

Table 4.4:List of the four program settings with the ordeicohditions for each.

At the end of the program, a U-value was autombyicalculated and stored in an
output file on the laptop along with a list of tie sequences emitted by the
participant across the six conditions.

Description of the computer program. The participants were
presented with an animated scene and an assoclweatter in each level. A level
was defined as the process of moving the aninat the start point to the end
point, where they reached a target item (for examgmonkey swinging from tree
to tree to reach a bunch of bananas). Reinforceomsisted of the character
moving progressively through the scene. The leprdgressed from one to the next
as the participants obtained reinforcement andraklevels could be observed by
the participants within the same lag condition.

The program consisted of 10 levels that were ptedeto participants in
order as they progressed through the program.eia ivas associated with a
particular lag value. Participants required déf@rnumbers of trials to reach the end
of a level, depending on whether they fulfilled tag criterion and obtained
reinforcement or not. As each lag condition regghia fixed 96 trials it was not
practical to attach a lag value to a level.

In each of the six conditions 96 trials were reggiin order to calculate the

U-value for that condition, regardless of whetlner participant was progressing

94



Increasing Variability using Lag Schedules

through the levels (i.e., obtaining reinforcemerif)the 96 trials were reached in the
middle of a level, every second trial after thaswainforced until the end of the
level was reached but these trials were not recobbgehe program. This allowed
for the fact that each time a new condition begaves also at a new level.

The participants were not aware of the schedulgdaice at any time so they
were responding solely to the consequences ofctinedsile (i.e., whether the
character moved or not following a particular sewpacof presses). The object in
each level was to move the character across 1@abstto reach a location or item.
In order to make the character move, participamiewequired to emit sequences of
three presses across four available keys wherekegotould only be pressed once.
Each time a key was pressed a tone sounded. Wharicipant pressed a key more
than once in a sequence, a red X appeared onrdgensthere was no tone and the
last press was not recorded by the computer. @hepant was required to press
another key and if it had not been pressed alrésglyit completed the sequence.
After every trial (three presses) a box contairthmgword “wait” in red letters
appeared on the screen for 1 second. While theMasxon the screen, any keys
pressed did not result in a tone and they wereetarded by the computer. This
ensured that the participants were respondingquesgces of three presses and not
just pressing keys continuously.

As well as the character moving forwards, the catepoffered written
feedback (e.g., “well done”; “great”) for everymérced trial. At the end of each
level, fanfare music played and “you did it” appeshacross the screen in large
letters. Figures 4.2, 4.3 and 4.4 represent teeescand characters for three of the

levels.
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Figure 4.2:0ne level of the program: bee travelling alongftoeers to reach

honey.

Figure 4.3:0ne level of the program: mouse looking for cheese.
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Figure 4.4:0ne level of the program: rocket travelling acrpksets to reach a

birthday party.

M easur es

Autism Diagnostic Observation Schedule- Generic (ADOS-G, Lord et al.,
2000)

The ADOS-G is a semi-structured, standardised asssd of social,
communication and play skills and the imaginatisage of materials used for the
diagnosis of autism spectrum disorders. Socialcamimunication opportunities are
designed in a way that will elicit social and commuative behaviours. Play
situations are set up in order to observe a rahgaeplays and imaginative
activities. The ADOS-G consists of structuredatiis and materials and less-
structured interactions that allow for a comprelhansvaluation of the individual's
performance in the areas of social skills, commation, imaginative use of objects
and other behaviours relevant to an ASD diagndsied(et al., 2000). The ADOS-G

was developed from 2 similar diagnostic tools,Aluéism Diagnostic Observation
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Schedule (Lord et al., 1989) and the Pre-Linguititism Diagnostic Observation
Scale (DiLavore, Lord & Rutter, 1995).

The ADOS-G consists of 4 modules that take appratetg 30 minutes to
administer. Only one module is administered awargpoint in time and each
module is suitable for children or adults at diéfietr levels of language and
development. In the previous versions of the imsent, sufficient controls for the
effects of language were not provided. Individwailh intellectual disability with or
without ASD have been found to show greater perémre when language demands
are lower, relative to their ability. This meahat previous versions were at risk of
over-diagnosing ASD in individuals with poor langeaability; and under-
diagnosing ASD in individuals whose language apiias more advanced than
those for whom the scales were devised. The ADQSH(Ses different modules in
order to control for the biasing effects of langaidy providing different tasks and
coding in the different modules - keeping thegdasis separate from the language
abilities of the individual.

The ADOS-G provides a classification of either switior autism spectrum
disorder (ASD). For a diagnosis of autism, thevitiial must exceed the specified
thresholds on the social domain, the communicatmmain and social-
communication total. If they are outside thesegholds, they may meet the
thresholds for ASD. These are lower than thosaditism as it is considered a less
severe classification.

The ADOS-G was found to have excellent reliabi{ltprd at al., 2000).
Intraclass correlations were conducted between dwnoa the 4 modules.
Correlations ranged from .88 to .97 for the sod@hain, .74 to .90 for the

communication domain and from .84 to .98 for theiaecommunication total.
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Interrater agreement for diagnostic classificatiarged from 84% to 100%. Test-
retest reliability was also assessed and the #tabilthe social and communication
domains and the social-communication total was dawrbe excellent (.78, .73 and
.82 respectively).

Item-total correlations were conducted and thegea from .62 to .88 for the
communication domain and from .52 to .90 for theimadomain. Chronbach’s
alphas were conducted to assess for internal ¢ensizg These were found to be
very high for the social domain (.85 to .92 forleatodule) and slightly lower for
the communication domain (.74 to .84).

The test has been shown to demonstrate goodili®jiand validity as a
diagnostic instrument. As autism is a complex misoto diagnose, other clinical
indications will always be considered such as tiesgnce of restricted repetitive
behaviours. However, for research purposes, érefé reliable indication of the

severity of ASD symptoms and a useful profile &f garticipants.

Setting

The participants in Group 1 either completed treg@m in their school or in
their home. For seven of the participants theystuals conducted in their schools in
a quiet room adjacent to their classroom which theyge familiar with. Only the
experimenter and the child were in the room togetht an open door. The
participant sat at a table with the laptop and Bex® while the experimenter sat
approximately one metre away. Three of the paeitis completed the program in
their own homes. In these cases, the study taateph a quiet room with no
distractions such as TV or toys. As before, ohly éxperimenter and the participant

were in the room with an open door. The experigrewas seated one metre away
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from the participant who sat at a table with nogham it except for the study
apparatus.
The participants in Group 2 completed the prognam gquiet room in their

school. The set-up was identical to that of Graup

Procedure

The ADOS-G (Lord et al., 2000) was administeredaoh participant in
Group 1 in either their school (n = 7) or their Fo(n = 3) under the conditions
described above. The computer program was admiacstvithin two weeks of the
ADOS-G for all participants in this group. The AB@5 and the computer program
were administered in the same setting for eaclal chil

Prior to beginning the program, the participant Wwamight to the room and
given the following verbal instructions:

“Here is a new computer game for you to play. ¥an press these buttons
to make the animals move across the screen. Treeglldooking for something and
you can help them to find it. Press any threedmgttin a row and then you must wait
a second to see what happens. I'll help you ferfitst level and then you can do it
by yourself.”

The experimenter logged the participant onto tlog@m using a unique 1D
number. A practice level, utilising a lag 0 schHedaf reinforcement was
implemented first. This will be referred to as theaining Phase”. Here, every trial
obtained reinforcement in order to ensure thaptrécipants were interested in the
program. It also served to train the participdaotsespond in sequences of three
presses with an inter-trial interval. During thragdice trial, if the participant did not

show the required inter-trial interval, the expegiter pointed to the “wait” box on
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screen and said “you must wait a second beforedkethree presses”. After each
trial the experimenter pointed to the written peaos the screen and read it out so
that the participant would attend to it during émgire program. If the participant
pressed the same key twice the experimenter poiatéee red X on screen and said
“you can only press each button once in each sitreé presses”. It was decided to
prompt this during the Training Phase so that #mtigpants learned as they
interacted with the program.

Following completion of the Training Phase the resPhase began. Here,
participants were randomly assigned to one of $attings (A, B, C or D). These
settings corresponded to different sequences afdagdules (see Table 4.4). In the
Testing Phase, the participant interacted withgémme in the same way as the
Training Phase. Typically, participants cycledbtigh the 10 levels two-three times
before they completed the entire 576 trials actiossix conditions of the Testing
Phase. Each time they reached the end of tfidel@l the experimenter logged
them out of the program, thanked them for theitipigation and told them they
could play again tomorrow. It was decided thatehgre program was too long to
complete in one day as it took approximately twarkan total. In order to avoid a
satiation effect, the program was completed admer three consecutive days.

If the participant requested a break in the coafgbe study, the
experimenter could pause the game and then log ¢timeagain after the break using
their ID number. When the program was finisheel (576 trials had been recorded
across the six conditions) a screen appeared hatlfotlowing text:

“Well done, you have finished the game!”
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Data Analysis

U-values were compared across conditions in oala&tentify if there was a
significant effect of the lag value on variabilityresponding. U-values were also
compared across the two groups to determine ieétivas a significant effect for

group on variability in responding on this task.

4.3. Resultsand Discussion
Table 4.5 contains the U-values obtained in eaddition by participants in

Group 1 along with the mean U-value for each comalitor the 10 participants in

this group.

Group 1 U-value

Participant  Control lag 1 lag 2 lag 4 lag 6 lag 8
Number/

Setting

1 C 0.592813 0.642345 0.748634 0.598438 0.594293 0.64144
2 D 0.279843 0.345213 0.287722 0.896598 0.943686 0.573177
3 C 0.308751 0.520652  0.445302 0.53503 0.485445  0.603042
4 D 0.191487 0.0000 0.437521 0.031864 0.206419 0.204524
5 A 0.872429 0.895221 0.898224 0.892566  0.878317 0.928573
6 A 0.821843 0.938869 0.864586 0.812814 0.826624  0.884428
7 B 0.781524 0.764475 0.458593 0.739301 0.814078 0.702826
8 A 0.559266 0.434939 0.656062 0.704402 0.839627 0.860318
9 C 0.466084 0.549926 0.891932 0.923217 0.91453 0.950743
10 B 0.492069 0.828779 0.860142 0.866631 0.843982 0.797888
Mean 0.536611 0.592042 0.654872 0.700186 0.7327 0.714696
U-value

Table 4.5:U-values for the participants in Group 1 acrosgaiiditions, together

with mean U-value for each condition.
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Table 4.6 contains the U-values obtained in eaddition by participants in

Group 2 along with the mean U-value for each comalitor the 10 participants in

this group.

Group 2 U-value

Participant Control lag 1 lag 2 lag 4 lag 6 lag 8
Number/

Setting

11 C 0.848607 0.847276 0.818412 0.853492 0.894714 0.875107
12 B 0.902725 0.880104 0.885469 0.927196 0.841349 0.937243
13 C 0.89732 0.795937 0.763755 0.872883 0.910925 0.864833
14 D 0.882687 0.88046 0.905255 0.815912 0.815039 0.913938
15 D 0.932173 0.827014 0.924413 0.900941 0.918056 0.874965
16 A 0.646649 0.777211 0.821215 0.803835 0.828575 0.704622
17 A 0.811881 0.847598 0.9017 0.806881 0.90692 0.870169
18 A 0.548768 0.670869 0.715672 0.882844 0.921311 0.923339
19 D 0.83761 0.743078 0.700565 0.870586 0.931969 0.812242
20 B 0.887605 0.911983 0.907818 0.905051 0.913675 0.89024
Mean 0.81903 0.819153 0.834427 0.863962 0.888253 0.86667
U-value

Table 4.6:U-values for the participants in Group 2 acrosgaiiditions, together

with the mean U-value for each condition.

Descriptive Statistics

Table 4.7 shows the mean U-values and standaidtaas for Group 1,
Group 2 and Group 1/Group 2 combined across theasiditions. From the table, it
is clear that Group 1 showed lower variability aigrthe control condition when
reinforcement was provided independent of varighilinterestingly, both groups
demonstrated the highest variability when the lagl&edule was in effect. However,
Group 2 had consistently high variability across $ix conditions, showing little

differentiation in the presence of the changingdelgedules.
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Condition Group Mean Standard N
Uvalue Deviation
Control 1 5357 .2349 10
2 .8196 1241 10
Total 6777 .2338 20
lag 1 1 5921 .2874 10
2 .8181 .0729 10
Total .7051 .2347 20
lag 2 1 .6549 .2297 10
2 .8344 .0837 10
Total 7447 1918 20
lag 4 1 .7001 .2691 10
2 .8640 .0432 10
Total .7820 .2055 20
lag 6 1 7327 .2336 10
2 .8883 .0429 10
Total .8105 .1819 20
lag 8 1 7147 .2253 10
2 .8667 .0670 10
Total .7907 1796 20

Table 4.7:Descriptive statistics: Mean U-values and standardations for Group 1,

Group 2 and Group 1/Group 2 combined for each @&tk conditions.

Figures 4.5 and 4.6 illustrate the mean U-valuegé&ch condition for
Groups 1 and 2 respectively. While the trendsaertical across the two groups,
the effect is much clearer for Group 1, indicatihgt the schedule in place had a
greater effect on their variability. One possibiglanation for this is the high level
of variability demonstrated by Group 2 during tleatrol condition, i.e., they
responded variably on this task without the laginegment. However, in the
presence of the lag schedule, variability was iased. For both groups, the highest
U-values were observed in the higher lag condititeng 4, lag 6 and lag 8).

It is interesting to note that the lag 6 schequtaluced higher variability

than the lag 8 schedule. Of interest to the erpanier when designing the study
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was whether the higher lag requirements would #gtuesult in lower variability. It
Is thought that when the lag value becomes too argéxtinction effect on
variability occurs as the magnitude of reinforcetrénops and the response effort
increases. This is a likely explanation for thécome of the current study and it
points to the consideration of a possible ceilifiga when using such schedules

with human participants.
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Figure 4.5:Mean U-values for Group 1 across the six conditions
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Figure 4.6:Mean U-values for Group 2 across the six conditions
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Analysis of Group Data

Within Subject Effects. A mixed ANOVA was conducted to investigate the
within subject effects of the lag schedule on Udeal Mauchley’s Test of Sphericity
was significant, indicating that the assumptiomsfericity had been violated. The
repeated measures ANOVA with a Greenhouse-Geissexation determined that
there was a significant main effect for scheduldJevalue £(2.67, 48.05) = 4.407,
p = 0.01, partiah = 0.20). Cohen (1988) discussed the magnitudé&edtesizes
when using partial?, describing 0.09 as a medium effect size and 825 large
effect size. The effect size of 0.2 obtained md¢hrrent study closely approaches a
large effect size.

The schedule group interaction effect was not significaR{Z.27) = 1.092,
p = 0.357, partiah’= 0.06) indicating that there was no interacticieetfof group
and schedule in this sample.

Between-Subject Effects. There was a significant effect for group on U-
value in this studyH(1,18) = 8.00p = 0.011), with the participants in Group 2
demonstrating significantly higher variability th#rose in Group 1.

Post hoc Tests. To further investigate the main within subject effgpost
hoc tests were conducted. Five sets of paired le@htjtests were used to identify if
there were significant differences in U-values leswthe control condition and the
five lag reinforcement conditions utilised in tsisidy. The independent variable
was the lag value of the schedule and the dependeable was the U-value. The
results indicated that there was no significarfedénce in U-values between the
control condition and the lag 1 conditid(1.9) = -.99,p = .333 or between the
control condition and the lag 2 conditid(1.9) = -1.757p = .095 or between the

control condition and the lag 4 conditid(1,9) = -2.340p = .03. However,
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significant differences were observed between dmrol condition and the lag 6
condition,t(19) = -3.069p = .006 and between the control condition and aige8|
condition,t(19) = -3.091p = .006. The results indicated that the highenages
were more effective in increasing response vaitgbilative to a control condition.
It is clear that the difference between the cortoridition and the lag 4
condition was significant at the 0.05 level but wkzeBonferroni correction was
applied it did not reach the required level. Tdiféerence may be considered
borderline but there was a robust effect betweerctimtrol condition and the lag 6

condition and the control condition and the lagp8dition.

Analysis of Individual Participant Data

Following statistical analysis it was decided toadoct an additional single
case analysis. The rationale for this was thatsearch study had examined the
effects of a comprehensive series of lag schedulesriability in responding before
now. Furthermore, it was thought that there wdaddnerit in investigating the
precise effects of the different lag scheduleshenneurotypical participants and
those with ASD. The use of visual displays of indiial data sets was also desirable
as patterns of responses would be visible and fhegte of the order of presentation
of the lag schedules would emerge clearly uponaaspn of such displays. The U-
value statistic was especially useful here adotadd for comparison across
conditions, program settings (order), participartd groups. Hence, it was decided
that in order to fully utilise the wealth of avdila data, a single case analysis was
warranted.

Group 1. There was considerable variation in how the paaicts in Group

1 responded to the various conditions of the cosmguiogram. Figures 4.7 to 4.16
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below represent the individual scores across theaditions along with the order
in which the conditions were presented for eachigpant. In general, participants
achieved the highest U-values when the lag req@nenvas increased. However,
there are some notable exceptions.

Figure 4.7 represents the U-values obtained biydfznt 1 across the six
conditions. The U-values obtained by this partaipin the control, lag 4 and lag 6
conditions are very similar (0.5928, 0.5984 an®8%respectively). Interestingly,
this participant demonstrated higher variabilitythe lag 1 condition (U-value =
0.6423), which was presented first, and this wa®at identical to the lag 8
condition (U-value = 0.6414). Participant 1 acle@vhe highest U-value in the lag 2
condition (0.7486). This participant did not shdifferentiation between conditions

as would be expected due to the changing lag value.
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Figure 4.7:U-value scores for Participant 1 across the siditmms.

Participant 2 demonstrated U-values that were log\aery similar across the
control, lag 1 and lag 2 conditions (0.2798, 0.346a 0.2877 respectively). When

the lag 8 schedule was implemented, the U-valueased to 0.5732. The value
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further increased to 0.8966 in the lag 4 conditidrich represented a high level of
variability in responding. This value further ireised in the presence of the lag 6

schedule to 0.9437 (see Figure 4.8).
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Figure 4.8:U-value scores for Participant 2 across the siditmms.

Participant 3 began the computer program on a kgh&dule of
reinforcement. This participant demonstrated tiveelst U-value in the control
condition (0.3088) which was presented after tigell@ondition. This indicates that
the each of the five lag schedules increased viityain responding for this
participan relative to the control condition. Qifte is the high U-value evident in the
lag 8 condition (0.6030). For this participant thg 8 schedule was readily fulfilled
and vyielded the highest variability. However,tRgvant 3 did not reach the high U-
values that many of the other participants diegéspective of what schedule was in

place (see Figure 4.9).
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U-values - Participant 3 (Setting C)
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Figure 4.9:U-value scores for Participant 3 across the sndimns.

Participant 4 obtained a U-value of O in the lagphdition as he only
emitted one sequence across the 96 trials showanvguriation across trials. This
was the only time a U-value of O was obtained endburse of the study. The
highest U-value for this participant was in the Zagondition, where he obtained a
U-value of 0.4375. In the presence of the highgrequirement, Participant 4 did
not demonstrate increased variability but ratharrred to an almost identical U-
value to that of the control condition. U-values Participant 4 are presented in

Figure 4.10.
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U-values - Participant 4 (Setting D)
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Figure 4.10:U-value scores for Participant 4 across the snditmns.

Figure 4.11 represents the U-values obtained bycipent 5. This
participant achieved high U-values across the ogrirg 1, lag 2, lag 4 and lag 6
conditions and they remained within an extremelyawa range (0.8725 - 0.8982).
Contrary to the majority of other participantsstparticipant achieved the highest U-
value in the lag 8 condition (0.9286) indicatingttthe increased lag requirement did

not result in an extinction effect.
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Figure 4.11:U-value scores for Participant 5 across the sixditmms.
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The variability in responding for Participant i8l ehot appear to be under the
control of the lag schedules of reinforcement. sTgarticipant achieved U-values
that were almost identical across the six condsti@8128 — 0.9389), indicating no
discernable difference between the control condigind the lag reinforcement
conditions (see Figure 4.12). Participant 6 indidadissatisfaction with the
computer program several times in the course o$tihey and this may have

contributed to his lack of responsivity to the dré#nt conditions.
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Figure 4.12:U-value scores for Participant 6 across the sixditmms.

The U-values achieved by Participant 7 are repteden Figure 4.13.
Participant 7 appeared to show a learning effethi@lag schedule as the lowest U-
value was achieved in the lag 2 condition (0.4588)is increased to 0.7645 in the
lag 4 condition and this increase was essentiafliyntained across the next 4
conditions including the control condition (0.7819)he highest U-value was

recorded in the lag 6 condition which was presetdstd
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U-values - Participant 7 (Setting B)
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Figure 4.13:U-value scores for Participant 7 across the sixditmms.

Figure 4.14 represents the U-values achieved ychant 8. Interestingly,
the lag 2 condition yielded much higher variabitit\an the lag 1 condition (U-value
=0.6560 vs 0.4349). The U-value for the contaidition was 0.5593. The U-
value increased across the final three conditiorts8603 in the lag 8 condition.
This represents a marked increase in variabilitggponding relative to the control
condition indicating that this participant was res@ing to the changing lag

schedules throughout the computer program.
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U-values - Participant 8 (Setting A)
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Figure 4.14:U-value scores for Participant 8 across the sixditimms.

Participants 9 and 10 both demonstrated low to madeeariability in the
control condition (with U-values of 0.4661 and ®49espectively) and responded
to the lag requirements with greatly increased Wes Participant 9 demonstrated
high variability in responding in the lag 2 (U-valg 0.8919), 4 (U-value = 0.9232)
and 6 (U-value = 0.9143) conditions but the higheat| of variability was observed
in the lag 8 condition (U-value = 0.9507) (see Feggd.15). Participant 10
demonstrated a marked increase in variability enltly 1 (U-value = 0.8288), lag 2
(U-value = 0.8601), lag 4 (U-value = .8666), lagJsvalue = 0.8240) and lag 8 (U-
value = 0.7979) conditions relative to the contwhdition with the highest U-value
in the lag 4 condition, which was presented secand,the lowest in the lag 8
condition, which was presented third (see Figui®é}. These data suggest the order
did not have any effect on the variation shownh®se participants and they were
responding to the lag schedule in place in eaclditon. However, the fact that
Participants 9 and 10 responded to the schedufesettitly indicates that some

children with ASD may demonstrate higher variapiiit the presence of higher lag
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values while others may respond more variably wherag requirement is not

increased past a lag 4.
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Figure 4.15:U-value scores for Participant 9 across the sixditmms.
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Figure 4.16:U-value scores for Participant 10 across the andiions.

Variability and Autism Severity. The scores obtained by the participants in
group 1 on the ADOS-R (Lord et al., 2000) were exeah in order to identify if

severity of autism as indicated by the ADOS-R waated to the level of variability
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of the participants and their responsiveness ttathhechedules. Four of the
participants (Participants 1, 2, 5 and 6) had |dWOS-R scores (total score of 8 or
9), indicating low autism severity and a disgnadiautism spectrum rather than
autism according to this measure. In the contwalgion, where reinforcement was
independent of variability in responding, two oémh achieved U-values greater than
0.8, which is a high level of variability. Howeyene of the four achieved a low U-
value (0.2798) representing very low variabilitydghe other one achieved a U-
value of .5928, indicating a moderate level of ability. Three of the four achieved
U-values greater than 0.9 in the course of theysiudle the other one maintained a
moderate level of variability throughout.

Participants 3, 8 and 9 showed ADOS-R scoresandhge of a diagnosis of
autism but their scores can be considerate modg@otité ADOS-R scores of 12, 13
and 14 respectively). All three achieved low toda@te U-values in the control
condition (0.3 - 0.56). Only one of these (Papiaeit 9) reached a U-value of greater
than 0.9 in the course of the study. Participasit@ved a steady increase in U-value
across the conditions and Participant 3 showeddestancrease in variability but
stayed within a narrow range of U-values.

Participants 4, 7 and 8 had high ADOS-R scores12&nd 20 respectively),
indicating a higher degree of autism severity ttienother participants. Participant
4, who had the highest ADOS-R score of all theigigants in Group 1, also showed
the lowest variability in the course of the studhis participant had the lowest U-
value at the control condition (0.1915) but, maneiestingly, he achieved a U-value
of 0 in the lag 1 condition. This means that hettexh the same sequence 96 times
and this was the only sequence he emitted in tt@endondition. He achieved

another extremely low U-value in the lag 4 condit{0.0319) and he only had one
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score that could be considered moderate (U-valdd375 in the lag 2 condition). It
is unclear whether the severity of autism sympt@mslated to the extremely low
variability demonstrated by this participant acrtesentire study. Participant 7
scored a moderate-high U-value of 0.7815 in th@robnondition and he achieved a
U-value of 0.8141 in the lag 6 condition. Partap10 achieved a moderate U-
value in the control condition (0.4921) but he destmated a marked increase in
variability across all of the lag conditions (U-wrak ranging from 0.7979 to 0.8666).
The participant with the highest variability overial Group 1 was Participant

9 who scored three U-values greater than 0.9.idjamt 9 was in the moderate
range of the ADOS-R scores. Thus, while theremesevidence that greater autism
severity was related to lower variability, the tlaa not robust enough in the current

sample to draw such conclusions.

Group 2. In the current study, participants in Group 2 destiated
significantly higher variability in responding th#émose in Group 1. As with Group
1, the highest variability was noted in the pregeoicthe higher lag values.
Participant 11 achieved the highest U-value inldlges condition (U-value = 0.8947)
similar to the other participants in this studyowtever, the U-values across the other
conditions were extremely similar, showing littleange in u-value in response to the
changing lag value. Participant 11 demonstratgt tariability in the control
condition (U-value = 0.8486), which may have cdnited to this effect (see Figure

4.17).
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U-values - Participant 11 (Setting C)

1
0.9

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0]

lag 1 control lag 4 lag 8 lag 6 lag 2
Condition

U-value

Figure 4.17:U-value scores for Participant 11 across the snditmns.

Participant 12 also demonstrated high variabihtyasponding in the control
condition. From Figure 4.18, we see that repsandias slightly more variabile in
the control condition (U-value = 0.9027) thanhe tag 1 condition (U-value =
0.8801). Interestingly, the lowest variability watsserved in the lag 6 condition (U-
value = 0.8413) whilst the highest variability wasserved in the lag 8 condition (U-
value = 0.9372). The lag 6 condition was preselastfor this participant and

therefore a satiation effect may have occurred.
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U-values - Participant 12 (Setting B)
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Figure 4.18:U-value scores for Participant 12 across the snditmns.

From Figure 4.19 it is clear that Participant 1&destrated a high level of
variability in responding in the control conditifd-value = 0.8973). However, the
U-value was lower than this in the lag 1 and lagp@ditions (0.7959 and 0.7638
respectively). This outcome may indicate thatwheability shown by Participant
13 was under the control of the schedule in plaasach condition as the lag 1 and
lag 2 criteria could be met without a high levelafiability. In a lag 1 schedule the
participant can receive reinforcement for evergi st by alternating between two
responses while in a lag 2 schedule, cycling batvileese different responses will
produce the same effect. Participant 13 showegased variability in the lag 4
condition (U-value = 0.8729), while the highest Blue was observed in the lag 6
condition (U-value = 0.9109). Similar to other i@pants, in the lag 8 condition
variability decreased with U-values converging toivthe level observed in the

control condition (U-value = 0.8648).
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U-values - Participant 13 (Setting C)
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Figure 4.19:U-value scores for Participant 13 across the andiions.

Participant 14 also demonstrated high variabihityhie control condition and
did not show large differences in variability irsppnding as the lag requirement
changed. However, the highest U-value was recard#éte lag 8 condition
(0.9139), indicating that the schedule was havimgféect on variability. Lower U-
values were obtained in the lag 4 (0.8159) and®l&®8150) condition, which was

contrary to the outcomes for most other participgaée Figure 4.20).
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Figure 4.20: U-value scores for Participant 14 across the esndtions.
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Figure 4.21 shows that Participant 15 demonstraté@mely high variability
in responding in the control condition (U-value 8322). This indicates that this
participant had the ability to vary his respondamgl was inclined to do so, without
reinforcement being contingent on it. What isiesting about this participnat’s
repsonse to the computer program is that he enidteer variability in the lag 1
condition (U-value = 0.8370), indicating that teshedule can have an inhibiting
effect on variability in those who behave variaislyhe absence of variation-

dependent reinforcement.
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Figure 4.21:U-value scores for Participant 15 across the snditmns.

Participant 16 obtained the lowest U-value indbetrol condition (0.6466)
so, although this was the third condition presentdten reinforcement was not
contingent on variability, variation in respondidgcreased for this participant. U-
values were similar across the lag 1 (0.7772)21&98212), lag 4 (0.8038) and lag 6

(0.8286). However, the U-value decreased to 0.704iée lag 8 condition,
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indicating that this participant did not maintane thigh level of variability when the

lag value was increased past a lag 6 (see FigRp.4.
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Figure 4.22:U-value scores for Participant 16 across the snditmns.

Figure 4.23 shows that Participant 17 respondedsimilar way to
Participant 16. Interestingly, both participantsnpleted the conditions in the same
order as both were on Setting A. Participant 1 $ieghtly higher U-values overall
but he also showed a decrease in variability irctirérol condition althought this
decrease was not as marked as it was for ParticlgafU-value = 0.8119). The U-
value was highest in the lag 6 condition (0.9069i avas for the majority of

participants and it decreased to 0.8701 in thé&lagndition.
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U-values - Participant 17 (Setting A)
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Figure 4.23:U-value scores for Participant 17 across the snditmns.

The data for Participant 18 are interesting as tiegrly correspond with the
lag schedule in place i.e., the higher the lagevéthe higher the U-value (see Figure
4.24). Participant 18 demonstrated a moderate ¢dwariability in the control
condition (U-value = 0.5488) and the U-value insezhwith the increasing lag
requirement resulting in a high level of varialilin the Lag 8 condition (U-value =
0.9233). Participant 18 interacted with the compptrogram on the A setting,
where the lag value was increased systematicadly {rom lag 1 to lag 8 in order).
However, this setting did not influence the variiépof Participants 16 and 17 as

systematically as it did for Participant 18.
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U-values - Participant 18 (Setting A)
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Figure 4.24:U-value scores for Participant 18 across the snditmns.

Figure 4.25 represents the U-values obtained bycReant 19. This
participant demonstrated high variability in thetol condition which was
presented first (U-value = 0.8376). This decredasdil7006 in the next condition
which was lag 2. The highest U-value was in thalfcondition which was lag 6
(0.9320). From Figure 4.25 we see that the U-vadloeeased steadily across the five
lag reinforcement conditions. Thus, it is uncle@ether the specific lag
requirement of each condition was influencing Mailigy in responding or whether
the participant was responding more variably agpthgram progressed as a function

of a general requirement to “try something diffeétehroughout the program.
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U-values - Participant 19 (Setting D)
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Figure 4.25:U-value scores for Participant 19 across the snditmns.

From Figure 4.26 it is clear that Participant 20 dot vary his behaviour in
response to the lag schedule in place in the difteconditions. One reason may be
that this participant demonstrated very high valitgtan the control condition,
independent of the lag schedule (U-value = 0.88¥8hilst the highest U-value was
obtained in the lag 6 condition, similar to the geh trend (0.9137), the range of U-
values obtained by Participant 20 was so narro88{b — 0.9137) that the effect of

condition on variability in responding cannot bswased.
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U-values - Participant 20 (Setting B)
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Figure 4.26:U-value scores for Participant 20 across the snditmns.

Following analysis of the data from Group 2 awdatesser extent Group 1,
it is clear that some participants were sensitivéhé contingencies in place in each
condition and their U-values changed accordingnéochanging lag criterion.
However, several of the participants demonstratde thange in their U-values
across the conditions (two in Group 1 and four ioUp 2). As there is a dearth of
research on operant variability among neurotypibdtiren, we sought to examine
some of the findings from operant variability resbausing animal performances to
explain the current findings.

Figure 4.27 (reproduced, with permission, fromeé\bRodrigues et al.,
2005) represents U-values obtained by four pigeansss lag 5, lag 1 and lag 10
schedules. The closed bars represent these sebeuile the open bars represent
the U-values when the pigeons chose an alternstivedule under these conditions.
The closed bars are of interest here. PigeonsP2M®and P30 responded as would
be expected, with the lowest U-value in the lagddition and the highest U-value

in the lag 10 condition. However, Pigeon P40 resied in a similar way to some of
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the participants in the current study (particuldbrticipants 5, 6, 11, 14, 15 and 20 )
as the U-value was approximately similar acrossailditions, irrespective of the lag

schedule in place.

14 P10 14 P30
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LAG CRITERION

Figure 4.27:U-values of four pigeons in REPEAT (open bars) ¥AGRY (closed
bars) under different lag schedules (reproduceld parmission from Abreu-

Rodrigues et al., 2005).
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4.4. General Discussion

The current study revealed a number of interedtimdings. Firstly, the
significant between groups effect provides furtkadence for the difference in
response varibility in children with ASD comparedheir neurotypical peers.
Group 1 achieved consistently lower U-values actiosstudy conditions than
Group 2, indicating lower variability in respondinghis reflects the findings of the
previous two studies but the current study develdpe procedure employed in the
previous one in order to identify remediation sigiées for this deficit.

Data from this study clearly show that lag scheduf reinforcement can
increase response variability. Importantly, thispahow that increasing the lag
value results in higher variability. The curretudy indicates that, when using lag
schedules with human participants, there is anggilbeyond whiclextinction of
variability can occur. This is likely due to thegnitude of reinforcement
decreasing while response effort increases. Fgsdirom the current study indicate
that a lag 6 may be the optimum schedule for hegielk of variability in human
participants with and without ASD.

However, there were six participants of the 2(his study that showed little
or no sensitivity to the changing lag criterionheBe participants demonstrated
relatively high variability when reinforcement wiagt contingent on it (during the
control condition) and this may be relevant in expihg their apparent resistance to
the altering lag criterion. On examination of #remal research in this area, Abreu-
Rodrigues et al. (2005) reported that one of tfweir pigeon subjects demonstrated
high and stable levels of variability across la¢at),5 and lag 10 conditions. This
mirrored the two participants of Group 1 and tharfparticipants of Group 2 who

demonstrated this pattern of high and stable vaityam responding. Further
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research is required to identify which participaants most and least responsive to
lag schedules and to attempt to indentify the pigdint characteristics related to both
outcomes.

A preliminary investigation of the relationshiptiveen severity of autism
sympoms and response variability was conductecddpthis study. There were
some indicators that an inverse relationship betvikeese two variables may occur
but further investigation is warranted. Futuresggsh with a large number of
participants may yield useful information regardihg effect of autism severity on
the level of response variability in this populatio

The additional efforts made to design a bright angaging interface for this
study (relative to the previous study) were extrigma®rthwhile as the participants
were enthusiastic about “playing the game”. It wadicularly reinforcing for them
when the characters progressed across the leveétkh@rcontributed to their overall
willingness to engage with the computer programcihvas the “front” for the lag
schedules and subsequent data collection. Thaygsutcomes of this study are
likely to be related to the enjoyment the partiaiigahad when playing the game and
their motivation to progress through it by fulfilg the various lag criteria.

Considering the prevalence of low variability ispending observed
throughout this thesis and the associated RRBdifwehin Chapter 2, the
importance of identifying procedures for ameliangtinvariable response patterns
cannot be underestimated. The current study lgigtdian important avenue for
further research as it has demonstrated that #nefuag schedules of reinforcement
can yield encouraging outcomes for individuals vA®D who demonstrate low

variability in responding.
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The current chapter investigated the use of lagddles using an automated
program. Chapter 5 will expand on the currentifigd by utilising lag schedules to
increase variability in a naturalistic setting wsplay actions with toys. Chapter 5
contains two experiments that aim to identify optrmenvironmental conditions for

promoting variability in play among children withS®.
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Chapter 5
Study 4: Experiment 1
Increasing Variability in Actions with Toys for Five
Children with a Diagnosis of Autism Spectrum Disorer

Using Lag Schedules of Reinforcement
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5.1. Introduction

The previous study demonstrated that lag scheadilesnforcement
successfully increased variability in respondingaaromputer-based task.
Identifying optimal environmental conditions foicheasing variability is an
important goal as this may serve as a behaviousy @r children with ASD,
facilitating exploratory and sampling behavioumas| as more typical language and
play skills. The current study aimed to investegtite effect of lag schedules on the
variability of actions with toys by five childrenithr a diagnosis of ASD. In this
way, the procedures derived from experimental woay be used to good effect to
target socially significant behaviours, in thiseascreased variability in play
behaviours. Lag schedules involve the deliverseoiforcement if a response or
sequence of responses differs from a pre-deternmnsetber of previous responses
(Lee, Sturmey & Fields, 2007; Neuringer, 2002)thalgh the utility of lag
schedules is increasingly being investigated wWithdlinical population, particularly
in the area of verbal behaviour (e.g., Susa & 8geli, 2012), there is a gap in the
research literature as the usefulness of lag sééeflur increasing variability in
functional or symbolic play has not been subje@xtensive investigation to date.

Infants typically engage in functional play, whicivolves using an object or
toy as its function indicates, e.g., pushing adaryalong the table saying “broom
broom” (Ungerer & Sigman, 1981). Symbolic playrnsre complex and it usually
begins at around 20 months. An example of symipddig is using an object as if it
Is something else, e.g., pretending a brick israobaoap (Libby, Powell, Messer &
Jordan, 1998).

Previous work on 1ag schedules has been restticti@dreasing variability

in different aspects of block building such as¢beur and shape of blocks used
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(Napolitano, Smith, Zarcone, Doodkin & McAdam, 2Dadd the type of activities
selected (Cammileri & Hanley, 2005). Napolitan@let(2010) used a lag 1 schedule
to increase variability in either the colour orrfoof block structures created by
children with ASD. For example, in the colour cdimh participants received
reinforcement if the colour of the block used wdfecent to the colour of the
previous one, i.e., placing a red block on a bloelb

Cammileri and Hanley (2005) also utilised a laghieslule whereby
participants were required to select an activigt thffered from the previous one in
order to access reinforcement. As both of thas#iest utilised lag 1 schedules,
participants could alternate between two respoasdsstill access reinforcement
each time. However, alternating repeatedly betweerresponses can be
considered to be highly repetitive behaviour, jgatérly in light of the variable
nature of typical play. Research investigatingeffects of increasing the lag
criterion in studies of this type is warranted.

The ability to behave variably is important formyaaspects of successful
functioning, such as sampling new ways to reacbah gr generating novel
combinations of images or concepts when engagimgtistic or scientific work
(Neuringer, 2002). Spinka, Newberry and BekoffQ2Preport that play is
ubiquitous in almost all mammals. They propos ttia function of play among
mammals is “training for the unexpected” (p. 14Buring play, animals learn how
to deal with the element of surprise that occursnvpredators are near.
Additionally, the authors observed that animals whange habitat frequently will
demonstrate more play behaviours. This suggeatgrid variability training
received through play allows the animals to adajtkdy to changing environments.

Similarly, Wenner (2009) described variability asiaportant aspect of free play in
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human children as it fosters creativity and inflees social, emotional and cognitive
development in later life.

Lee, Sturmey and Fields (2007) reported that tiaidentification of
conditions that influence response variability cbl@lad to procedures that could
reduce stereotypy in the clinical population armbahcrease creative play, among
other socially significant behaviours. The ainthe# current study was to identify if
lag reinforcement schedules could form the bassioh a procedure.

The deficit in play skills in children with ASD gerhaps most noticeable
during free play with toys. At these times childrgith ASD frequently engage in
repetitive actions with toys and they often do aygpear to emit any meaningful
imaginative play (Atlas, 1990). Lewis and Bouc[tE95) discuss the lack of
spontaneous pretend play in ASD in terms of impaitin generativity. They note
that such children can follow instructions duringyp but they have an inability to
generate their own ideas for play actions. Theg describe the play of children
with ASD as “repetitious” (p. 118). Charmon and®&aCohen (1997) found that
children and adolescents with ASD could producetional play actions and object
substitutions when prompted, but they produced fewsgel play acts - with and
without props - than controls.

This in turn can affect how these children ingggwith their peers
(Grossman, Carter & Volkmar, 1997). By increasmagability in the toy play of
children with ASD, it is likely that this may seras a behavioural cusp, allowing for
more meaningful play interactions with their neypatal peers and siblings. As the
children emit a wider variety of actions, they bretp access more contingencies in
their environments. For example, a sibling wikyfFor longer and be more

animated and reinforcing with a child who does tftdifferent actions with a toy
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car, such as driving it over around the floor;rlyiit through the air; opening and
closing the doors and putting people inside, thah achild who repetitively spins
the wheels of the car. The play skills will bethar improved by accessing this
social reinforcement and the child will have oppaities to access increasing
amounts of such reinforcement.

It has been suggested by Sutton Smith (1975) thgtserves as variability
training for later life as it fosters creativitydfiexibility that is likely to benefit the
individual throughout their lifespan. Therefone children who have low variability
in their play, it is important to investigate metlsdor teaching this skill.

Children with autism spectrum disorder commonly destrate less sampling
behaviour than their peers which leads to an irtghd maximise reinforcement in
their environment (Mullins and Rincover, 1985). id1s likely to be related to
impairment in exploratory behaviour among this gapan. Roeyers and van
Berkelaer-Onnes (1994) described the deficit ingme play commonly observed in
children with ASD as a result of these individualsking a sense of curiosity and
exploratory behaviour in the presence of new taysitaations.

A varied repertoire of actions with toys duringyptaay allow for the
selection and shaping of a greater number of ddvactions through contact with
naturally occurring contingencies. Consequentlyemwa recently acquired response
or responses comes under such control, other amadty equivalent responses are
likely to contact those contingencies, thus inargaghe number and variety of
responses in a child’s repertoire (Shahan & Ch23@2). The impact of this is that
increasing variability in play actions in young Idnen with ASD can have long-term
positive benefits as this variability increaseshesrepertoire expands. This, in turn,

results in greater access to reinforcement andawgal social integration.
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The current study aimed to investigate whethestdwpedules could be used to
increase variability of actions with toys duringdrplay in applied settings. This has
important implications for intervention with thigpulation, for whom meaningful
play skills have historically been difficult to t&a(Stahmer, 1995).

Furthermore, it was expected that the successeahtharvention would be
related to specific participant characteristias.otder to make some comment on
this, an ADOS assessment was conducted with eathipant in order to identify
their different profiles and analyse the relativeess of the intervention across the
different participants. In addition, the RepegtiBehaviour Scale — Revised
(Bodfish, Symons, Parker & Lewis, 2000) was adnténed to determine the
prevalence and type of restricted repetitive betargi (RRBs) demonstrated by each
of the participants in order to draw conclusionsidlihe relative success of the
intervention in relation to baseline levels of aility in the RBS-R subtypes.
Chapter 2 demonstrated that level and type of RR&ssignificantly related to
variability in this population, with stereotypy agsdlf-injurious behaviour found to
be the subtypes most strongly related. By adna@nigg the RBS-R to the
participants in the current study it was possibletvestigate if these types of RRBs
would be related to differential outcomes of thegadure.

While many of the prior studies utilising lag schi$ with clinical
populations were limited to a lag 1 schedule (€gmmilleri & Hanley, 2005; Lee,
McComas & Jawor, 2002), the current study aimedvestigate if an increased lag
criterion (lag 2, 3 and 4) could be used effectiwgith this population and in this
setting. Finally, it was expected that as varigbih play skills increased, rates of
motor stereotypy would decrease. To assess hi@sreéquency of stereotypy was

recorded across baseline, intervention and follpvg@ssions for all participants. As
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noted above, presence of the lower order RRBgydiredy motor stereotypy were
found to be more strongly related to low variapithan higher order RRBs such as
restricted interests. The presence of a highafaséereotypy means that a lot of the
individual’s time is allocated to stereotypy anddé¢ime is allocated to important
play behaviours. Thus, a reduction of stereotgpyesirable so that a child can
allocate a more appropriate amount of time to phMthout the interference of

stereotypy.

5.1. Method
Participants
Five children aged 4-8 years (mean age: 6.2 ygarsicipated in this study.
All participants attended an Applied Behaviour Arséd School where they received
30 hours per week of 1:1 and group tuition. OfShmarticipants, 4 were male and 1

was female (see Table 5.1).

Participant Age Sex Number of years
Number of ABA
intervention
1 8 Male 5
2 8 Male 5
3 6 Female 3
4 5 Male 2
5 4 Male 1

Table 5.1: Participant characteristics.

Setting
All sessions took place in a quiet room next toghdicipants’ classroom.

The participants were familiar with the room, hayparticipated in reverse
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integration sessions there on a weekly basis. tdysewere laid out on a child-size
table and a video camera was positioned on a nelmskyusing a tripod. Only the
student and the experimenter were present in thr@ luring the sessions and the
door was left open at all times. No additional eniais were required for data

analysis as all sessions were scored retrospectnagh video footage.

Materials

A range of age-appropriate toys was purchased&ptrpose of the study.
The toys chosen for this study would commonly bedusy children for imaginative
play. Itis here that children interact with tlogs and with each other in a variety of
ways. The training toys are listed in Table 5.8 Rigure 5.1. A set of toys to
measure generalisation was also purchased. Theaisation toys are listed in
Table 5.3 and Figure 5.2. A Samsung video camaitdrgpod were used to record
all sessions. A token mat and 20 tokens were fega@inforcement.

Toy Set Components

Dinosaur Set Large dinosaur
Cave man figure
Cave woman figure
Baby figure
Dinosaur egg (top and bottom)
Baby dinosaur
Cave with 3 stacking “rooms”
Cave car
Swing

Police Set Police station
Police man
Police woman
Police dog
Police car
Traffic light
Stop sign

Table 5.2: Training toys.
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Figure 5.1: Training toys.

Toy Set Components

Rocket Set Large rocket with 3 chambers
Space man
Space woman
Space dog
Moon car
Alien
Crater

Table 5.3: Generalisation toys.

Figure 5.2: Generalisation toys.
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Measures

Repetitive Behaviour Scale — Revised (RBS-R; Bogh, Symons, Parker
& Lewis, 2000). The Repetitive Behaviour Scale — Revised) is aormént-based
43 item scale. Items are rated on a 4-point Likeale from 0, “behaviour does not
occur” to 3, “behaviour occurs and is a serioudf@m”.
The original RBS (Bodfish, Symons & Lewis, 1999nsisted of 3 subscales:
Stereotypic Behaviour, Self-Injurious Behaviour &wmpulsions. A revision of the
instrument was provided in 2000 by including iteadspted from other validated
instruments, including the Autism Diagnostic Infew — Revised (Lord, Rutter &
Le Couter, 1994) and the Sameness Questionnaigg eMacMillan, 1973).

For the RBS-R, Bodfish et al. (2000) proposedacéor structure. However,
Lam and Aman (2007) carried out an extensive evaluaf the instrument, with
almost 3 times as many participants as the origiaidiation. They suggested that a
38 item scale with a 5-factor structure was superide 5 factors are Stereotypic
Behaviour, Self-Injurious Behaviour, Compulsive Betour, Ritualistic/Sameness
Behaviour and Restricted Interests. Lam and Ar2@07) also conducted a
Chronbach’s alpha test to measure internal comsigtend found that the values
were in the moderately high to high range for abscales (range =.78 - .91).
Interrater reliability was found to be acceptaldedll subscales, ranging from .57 to
73.

Autism Diagnostic Observation Schedule - Generic (BOS-G, Lord et
al., 2000). The ADOS-G is an assessment of social communicgpiay skills and
the imaginative use of materials for the purposdiagnosis of ASD. A detailed

description of this instrument can be found in Gaag (p.99).

140



Increasing Variability in Play Actions

Procedure

Generation of target play actions.Prior to the intervention, two ten-minute
observation sessions were conducted with neurayphdldren. One was a male,
aged 7 and the other was a female aged 5. Thegrigf this was to draw up a list
of possible actions that could be demonstrated thghtoys used during the
intervention. These sessions were identical telbassessions conducted with the
participants with ASD (described below) and wesmalideo-taped in order to
accurately note all actions. Once this list wamited it served as the target play
actions to be prompted in the course of the proediihe list of actions can be
found in Appendix A.

Responses measuredTlhe following responses were measured across all
Baseline, Intervention and Probe sessions.

Target behaviour. Variability in actionsdemonstrated with toys. This was

defined as a discrete action demonstrated witly.a ftccould include another toy,
e.g., putting a policeman into a car.

Additional measured behaviours. The following behaviours were also
measured across all sessions.

Toy sampling. This was defined as the child picking up or intéregcwith a
toy for more than 1 second. It was expected tiaparticipants would not sample
all of the available toys. However, it was decideak it would be too difficult to
accurately apply a concurrent schedule of reinfora for variability in sampling.
In order to create an establishing operation foraased variability in sampling, the
individual toys had a limited range of movementsagctions). Thus, to fulfil the
higher lag criteria, participants would have to padifferent toys in order to emit a

variety of actions. It was expected that the dflaing operation would lead to
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increased diversity in sampling without havingadaget this dimension of behaviour
directly.

Switching. This was defined as the movement from one toy tdhean. This
measure was used as additional information asthkrtumber of toys sampled did
not fully represent the variability shown in intetiag with different toys. For
example, it was decided that interacting with e@aghin the set once would indicate
a high sampling score. However, it is more desgréd switch between toys in a
more diverse fashion and to select each toy setigrat in different orders. To
investigate if this dimension of behaviour was @aging as a result of the lag
schedules, the number of times participants switdrem one toy to another was
recorded across all sessions.

Sereotypy. This was defined as any repetitive motor action lsted for
more than two seconds. Stereotypy could occur arithithout toys. A separate
instance of stereotypy was recorded if there wlaak of two seconds or more
between behaviours. The experimenter was carefubrrecord repetitive play
actions as stereotypy. For example, if a partidipalled a car across the table
several times this was not recorded as stereotyptyigappropriate to repeat this
type of action within a play activity. Table 5.dstribes the topography of

stereotypy for each participant.
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Participant Topography

1 Bang items off surfaces (table, wall and other #em
Tap fingers off items
Flick fingers in front of eyes
Tap fingers off items
Flap hands
Sit on floor and bounce up and down repeatedly
4 Bang items off table

5 No stereotypy observed in the course of the study

Table 5.4: Topographies of stereotypical behaviours for geaticipant.

Preference assessmen# multiple stimulus without replacement preference
assessment was conducted for each participanéaifig effective reinforcers. A
pool of five reinforcers was identified for eachrpapant and pictures of these were
assembled on a choice board. All participants yweoécient in using choice boards
as part of their daily routines.

Baseline sessionsBaseline data was collected for each child acroes t
sessions. Each baseline session was five minuthsration. During each session
the training toys were laid out on the table aredghrticipant was instructed to “play
with the toys”. No feedback was provided. If fraaticipant left the area they were
redirected using least to most prompting and tdts’ play with these toys for a
little while”. A termination criterion for a sesgi was four instances of walking
away from the area. This criterion was maintaiaexass baseline, intervention and
post-intervention probes.

Intervention. The intervention phase consisted of seven 5-misegsions
with the exception of Participant 5, who complefegr 5-minute sessions. The

setting was identical to the Baseline phase extepthere was a token mat on the
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table next to the toys. For the four participamte® completed the full seven
sessions, the first five sessions utilised the Sage&alue. The lag value was
decided upon following inspection of the baseliagador each participant. The
following limits were decided upon prior to the dyu
» Participants with very low variability at baseli(fewer than 10 different
actions with toys) began the intervention phaselag 1 schedule of
reinforcement;
» Participants with low variability (fewer than 15fdrent actions with toys)
began the intervention phase at a lag 2 schedulksrdbrcement;
» Participants with moderate variability (up to 2€etient actions with toys)
began the intervention phase at a lag 3 schedukirdbrcement.
For the remaining two sessions the lag value wasased by one (lag 2 moved to
lag 3 etc.). The higher lag value was implemeirieatder to investigate the effects
of increasing the lag value on variability in plagtions. Participants 1-4 completed
five sessions at the original lag value and twaises at this lag value + 1.
Participant 5 underwent two intervention sessidribainitial lag value and the final
two sessions at the higher lag value.
Procedures were similar across the five particgairt the interest of clarity,
the general procedure for the intervention phadldoeidescribed for Participant 1
only and any variations across participants wildlescribed separately. Participants
either completed one or two sessions per day dmth collection was completed
within two weeks.
Participant 1. The participant was provided with the followingtingtions:
“will you show me how you can play with these toyRarticipant 1 began on alag 1

schedule as he showed low variability in toy playing baseline. Each action that
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differed from the previous one was reinforced vaittoken and the experimenter also
offered social praise, e.g., “I like the way yod domething different”. If the
participant demonstrated a different action with same toy, this met the
requirements for reinforcement (lag 1). If he eedta similar action but with a
different toy, this also met the requirement fonfercement (lag 1) as the different
toys required the participant to emit a topograalyadifferent response.

Response Interruption and Redirection (RIRD) wasl@mented following
any instance of motor stereotypy. If the partioipdid not emit any response
(excluding stereotypy) for five seconds, the expenter physically prompted an
action using least to most prompting. Promptegarses also obtained
reinforcement throughout the procedure.

Each action that met the lag contingency was retefd with a token and
tokens were exchanged for tangible reinforcersroRR20 schedule. This procedure
continued until the five minute session was conapldtollowing a break where the
participant left the intervention area, the seceeskion began at a lag 1 schedule of
reinforcement.

Participant 1 completed 5 sessions on a lag 1 sébed the 6thand 7th
sessions were conducted using a lag 2 schedulendXthe lag 2 phase an action
was reinforced if it differed from the previous tactions. A post-intervention
probe was conducted following completion of theeseintervention sessions. It was
identical to baseline conditions and it was fivenates in duration.

Participant 2. The procedures for baseline, intervention and psassions were
identical to those for Participant 1 except thatltg values were different.
Participant 2 began intervention on a lag 2 scheedatl this was maintained for

Sessions 1 through 5; while Sessions 6 and 7adilislag 3 schedule.
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Participant 3. The procedures for Participant 3 were identicahtise described
for Participant 1 and this participant also bedanintervention phase on a lag 1
schedule. Sessions 1 through 5 utilised the lech&dule and a lag 2 schedule was
in place for Sessions 6 and 7.

Participant 4. The procedures were followed as above but theviatig
variations were in place for Participant 4. Hedrethe intervention on a lag 3
schedule due to his higher levels of variabilitpaseline. This was maintained for
the first five sessions and a lag 4 schedule wisad for Sessions 6 and 7.

Participant 5. This participant attended school on a part-thrasis and thus was
not in attendance at school during part of theruetietion. Because of this it was
only possible to conduct a total of four interventsessions. The procedures for
baseline and probe sessions were identical tottlex participants. However,
Participant 5 received a lag 3 schedule for Sessloend 2 and a lag 4 schedule for
Sessions 3 and 4.

Generalisation. In order to assess whether improvements in vaitaiml
actions with the training toys would generalisélifferent toys, two probes were
conducted with a set of generalisation toys thatwever involved in baseline or
intervention phases. The probe at baseline for @téions with generalisation toys
was identical to the other baseline sessions exhapbnly the generalisation toys
were available. No instruction was given in thegence of the training toys and
they were not seen by the participants again theikraining sessions were
complete. At this point, a probe for generalisaticas conducted under conditions
identical to the probe with the training toys.whis decided to conduct a baseline as
well as a probe with the generalisation stimulitfoe purpose of pre- and post-

intervention comparison.
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Data Collection and Analysis. All sessions were scored retrospectively from
video footage as it was not possible to implemieatidg schedules and record data
reliably. Data was recorded for each target behaand additional measured
behaviours. These were tallied for each five-neragssion. Total number of
different actions, switches from toy to toy andatatumber of toys sampled were
tallied according to their operational definitidios each participant, along with the
frequency of stereotypy for each session. The murabprompts provided by the
experimenter in each session was also noted.

Interrater Reliability. For each participan1,00% of sessions were scored by a
second observer, who coded all target behavioars the recorded video footage,
and an interrater reliability analysis using thgofa statistic was performed to

determine consistency among raters.

5.3. Results and Discussion

Participant Information Revealed by the Screening bols

The Autism Diagnostic Observation Schedule revetdatfour of the five
participants received scores that indicated auéisthone participant received scores
that indicated autism spectrum (see Table 5.5)ilé/the total scores on the
Repetitive Behaviour Scale —Revised are similapggthe five participants, scores
varied according to Behaviour Subtype (see Talfig Farticipants 1, 2 and 3
scored highly on the stereotypic behaviour subsmadelower on the
ritualistic/sameness behaviour subscale. ConwerBalticipants 5 and 6 scored

highly on the ritualistic/sameness behaviour sulesaad lower on the stereotypic
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behaviour subscale. This participant informatiaswonsidered to be of value when
interpreting outcomes of the current intervention.

Participant ADOS Scores Diagnosis
Number

Module Communication Social Total

Number Score
1 1 8 11 19 Autism
2 1 7 7 14 Autism
3 1 5 11 16 Autism
4 3 4 9 13 Autism
5 3 3 6 9 Autism
Spectrum
Table 5.5: ADOS scores and diagnoses.
Participant  Repetitive Behaviour Scale — Revised (RBS-R) Scores
Number
Stereotypic  Self- Compulsive Ritualistic/  Restricted Total
Behaviour  Injurious Behaviour =~ Sameness Interests  Score
Subscale Behaviour Subscale Behaviour  Subscale
Subscale Subscale
1 6 3 1 1 0 11
2 6 0 0 0 2 8
3 7 1 0 1 1 10
4 2 0 1 5 2 10
5 0 0 1 7 0 8

Table 5.6: RBS-R Scores by Subscale.

As this was a single case research design, rdsuksch participant will be

presented separately.
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Participant 1

Figure 5.3 shows the number of different actionhwoys demonstrated by
Participant 1 across baseline, training and prefssisens. It is clear that this
participant demonstrated a marked increase indhability of his actions with toys
from baseline to the post-intervention probe. dokebaseline session, this
participant demonstrated only six different actionth the available toys in the five
minutes allotted. Because of the low number abastemitted at baseline, a lag 1
schedule of reinforcement was implemented. This mvaintained for the first five
sessions and a lag 2 schedule was used for thenieaméwo sessions. During the
intervention phase, the maximum number of prongssed to this participant per
session was three, indicating that the lag schdthdea positive effect on variability
in this participant’s play behaviour.

Interestingly, this participant demonstrated agargrease in variability in
his actions with toys when the lag 1 schedule wasihtroduced (See Sessions 1-3)
and the increase was maintained throughout theinigasessions. No upward trend
was observed for variability in actions acrossfite four sessions. Indeed, in
Session 4 a clear decrease in variability occuriduds could possibly be a result of a
satiation effect. The toys may not have been asvatong at this stage as the
participant had played with them several timese famber of actions increased in
Session 5, so a decision was made to progresktp2aschedule of reinforcement
for Session 6. Interestingly, there was an ina@éashe number of different actions
emitted across the two sessions when the lag steheahs increased from a lag 1 to
alag 2. This suggests that when using lag sckeduis important to keep

increasing the lag requirement in order to maintagativation.
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The average number of different actions at baselias 6. During the
training phase, the average number of independtioha emitted per session was
17. During the post-intervention probe, Participhlemonstrated 15 different
actions with toys. This was only slightly loweaththe average during training
when the schedule was in place. This shows a gwodtenance effect from the

intervention under study and indicates an increasene actions relative to baseline.

Number of Different Actions with

Toys
25 - Baseline lag 1 lag 2 Probe

§ 20 5 o
S : | |

< 15 - I ' |
S : | |
2 101 E ac:tion:/v i E
£ —u ! | |
32 5 | prompts ! :
] \ I

1 2 3 4 5 6 7 8 9 10

Sessions

Figure 5.3: Number of different actions demonstrated with toy$Participant 1.

The number of different toys sampled in each sedsyoParticipant 1 is
represented in Figure 5.4. Out of the total ofd& available, the participant only
sampled five in Baseline 1 and six in Baselindr2the training phase, he sampled
an average of 10.57 toys. During the probe, heptaidmine toys. Again, this
participant showed good maintenance of the inceshseexhibited during the

training phase.
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Number of Toys Sampled
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Figure 5.4: Number of different toys sampled in each sesbipPRarticipant 1.

Figure 5.5 shows the number of switches from ogeéda@nother
demonstrated by Participant 1. At baseline, hevslal7 and 12 switches
respectively. This quickly increased during intertion as the participant was
sampling more toys and emitting a wider varietpaions with them. The average
number of switches per session during the traipimgse was 20.71. The number of
switches demonstrated during the post-intervergiobe was 13, demonstrating a

decrease towards baseline on this measure ontagtsehedule was removed.
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Number of Switches from Toy to Toy
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Figure 5.5: Number of switches from toy to toy in each sesdig Participant 1.

Figure 5.6 illustrates the data gathered on thguigacy of stereotypy emitted
by this participant in the course of the study.bAseline, he demonstrated extremely
high rates, with the majority of each five minuéssion spent engaging in
stereotypy. In total, there were 65 instances7huhstances in Baseline Sessions 1
and 2 respectively (mean = 69.5). In the firssg@swhere the lag schedule was
introduced, there was a large decrease in stengofipis was maintained across the
training phase. In fact, the mean number of stgpgobehaviours emitted per
session during the training phase was 6.14 (ra®¥§¢: During the post-intervention
probe, 18 instances of stereotypy were recordetiléthis was an increase on the
average per training session, the large improvemsaiive to baseline represents a
decrease of 74% on the average baseline frequdhays expected that an increase
in variability in play skills would lead to a coggonding decrease in stereotypical
behaviours, but the magnitude of the improvemerst avevelcome outcome of the

intervention procedure.
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Frequency of Stereotypy
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Figure 5.6: Frequency of stereotypical behaviours emittedspession by Participant
1.

Figure 5.7 shows the data for number of actiongtechwith toys, the
number of toys sampled, the number of switches foamtoy to another and
frequency of stereotypy during baseline and pastrirention probe with the
generalisation toys. Participant 1 demonstratednsiderable increase in the
number of different actions demonstrated with thest(from 12 to 20), showing a
positive generalisation effect from the traininggdo a new set of stimuli. There
were small increases in the number of toys samguhelthe number of switches from
toy to toy, but this may be due to the smaller nendj toys available in the
generalisation set. This participant sampled §th® seven available toys at
baseline and he sampled all seven toys duringritteep The number of switches
increased from 23 to 25. The further promisingeaspf this participant’s data set is
the decrease in stereotypy that was demonstratediva generalisation toys as well
as the training toys. This generalisation effeaiitrained stimuli is extremely
encouraging as the inhibiting effect on stereotgppected in this study was likely to

be under the stimulus control of the toys usedaming. Participant 1 demonstrated
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29 instances of stereotypy during the baseline gatteralisation toys. This
decreased to 11 instances following the interventibhese data are most
encouraging and point to the efficacy of usingdalgedules of reinforcement, both

for increasing variability in play skills and foedreasing stereotypical behaviours.

Baseline and Follow-Up Probes with
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Figure 5.7: Results from baseline and post intervention psoki¢h generalisation
toys showing number of different actions, numbetogé sampled, number of

switches from toy to toy and frequency of steregtigy Participant 1.

Participant 2

The number of different actions emitted indepeniggrgr session by
Participant 2 is demonstrated in Figure 5.8. Atdhae Sessions 1 and 2 this
participant emitted 12 and 13 actions respectifiglgan: 12.5). The baseline levels
led to a decision to begin the intervention atgadaschedule of reinforcement. The
lag 2 schedule was maintained for Sessions 1 thréuand this was increased to a
lag 3 for Sessions 6 and 7. This participant destrated some variability in the
number of actions emitted during the lag reinforeatsessions. The average

number of actions emitted across the interventessions was 19.71 (range: 14-25).
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During the post-intervention probe, ParticipantePndnstrated 18 different actions,
showing good maintenance of increases in the behatargeted by the lag
schedule. Only two prompts were given to thisipgednt in the course of the
intervention and these were in Session 4.

Upon further analysis of the effect of the lag sithie on the variability of
actions with toys, it is clear that the highestiafaitity actually occurred during the
lag 1 condition in Session 5 (25 different actiondpwever, the average number of
actions during the lag 1 sessions was 19.4. Ifeip@ sessions, 19 and 22 different
actions were observed respectively, indicating ithatasing the lag requirement by

one did not have a significant effect on variapifidr this participant.
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Figure 5.8: Number of different actions with toys demonstddby Participant 2.

Figure 5.9 shows the number of different toys sahpler session by
Participant 2. In each of the two baseline condgithis participant sampled 10 of
the 16 available toys. During the training phdmesampled an average of 12.86
toys (range: 9-16). During the post-interventioole, he sampled 11 toys. Thus,

the lag schedule had little effect on the numbdpg$ sampled by this participant.
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Number of Toys Sampled
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Figure 5.9: Number of toys sampled by Participant 2.

The number of switches from one toy to another éi€lpant 2 is
demonstrated by Figure 5.10. During the two basedessions, Participant 2
demonstrated 21 and 16 switches respectively (arage of 18.50). In Session 1,
this participant showed a peak of 48 switches, ssiygg that the initial effect of the
lag schedule was to increase switches from togyo tnterestingly, in the second
session the participant only demonstrated 15 sestcWwhich was lower than
baseline levels. During Sessions 3 and 4 he hath@@8 switches respectively. It
was thought that this was due to a satiation eftalwing repeated exposure to the
toy set. However, the number of switches theneiased steadily to 32 switches for
each of the final two sessions (lag 2 scheduldle Aumber of switches
demonstrated during the post-intervention probe 2@a®nly a very slight increase

from baseline. This suggests that there was natersnce effect on this measure.
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Number of Switches from Toy to Toy
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Figure 5.10: Number of switches from toy to toy by Participant

Figure 5.11 represents the frequency of sterecgypigted by Participant 2.
During baseline sessions the frequency was twesan@n=4). An average of 0.86
was observed across the intervention sessionsgrafg3), while there were no
instances recorded during the post-interventiot@rd/Vhile the frequency was low
to begin with, it is encouraging to observe the plate absence of stereotypy

following the intervention.
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Figure5.11: Frequency of stereotypy emitted by Participant 2.

157



Increasing Variability in Play Actions

Figure 5.12 shows the results from baseline arst-iptervention probe with
the set of generalisation toys across the 4 measumn@loyed in this study. The
number of different actions emitted increased fdahat baseline to 16 following the
intervention. The number of toys sampled decre&eed all 7 of the available toys
at baseline to 5 of the 7 post-intervention. Tamhber of switches from toy to toy
increased from 12 at baseline to 14 post-intereantihile the frequency of
stereotypy was 2 at baseline and 0 at follow-upesE data show modest
improvements in variability with the generalisattoys, but, nonetheless, they are
encouraging in light of the experimenter’s aspmatihat lag schedules can show

generalisation effects across stimuli and situation

Baseline and Follow-Up Probes with
Generalisation Toys

18
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Figure 5.12: Results from baseline and post-intervention psoligh the
generalisation toys showing number of differentaas, number of toys sampled,

number of switches from toy to toy and frequencgtefeotypy for Participant 2.

Participant 3
Figure 5.13 shows the number of different actioemanstrated by

Participant 3 across baseline, intervention and-ipdsrvention probe. This
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participant only completed one baseline sessi@hageached the termination
criterion by refusing to engage with the toys aiystear the toy table during the
second baseline session following redirection thiraes.

From Figure 5.13, it can be seen that this paditipnly demonstrated one
action with the toys during her baseline sessids.described previously,
intervention began on a lag 1 schedule of reinfoe&. The lag 1 schedule was
maintained for Sessions 1 to 5 and this was inectsa lag 2 schedule of
reinforcement for Sessions 6 and 7.

While the schedule was in place, Participant 3 destrated a large increase
in the number of independent actions emitted redatv baseline. While there was
considerable variation in the number of actionsteaiacross the lag reinforcement
sessions (range: 8-19), there was an overall gtahdross the intervention phase.
The mean number of actions was 15, demonstratprgraising increase from 1 play
action at baseline. This indicates a positiveatftd the lag schedule. During the
post-intervention probe, Participant 3 demonstratad different actions with toys.
This was considered a favourable result for valitgghn actions by this participant
considering the low variability observed during éase. The emergence of a
maintenance effect on the target behaviour forghisicipant following seven
intervention sessions, the final 2 of which incagied a lag 2 schedule, was
interpreted as a favourable outcome of this expboyastudy.

When examining the effect of the lag schedule ofality of actions (as
well as in the other measured dimensions) the tipeompting must be considered.
Figure 5.13 shows the number of prompts issuedgssion along with the number
of actions emitted independently. The mean nurobprompts issued per session

during the intervention phase was 7.71 with a raofdeto 16. The number of
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prompts issued decreased rapidly in a linear fas&woss the seven sessions to just
one and two prompts issued in Sessions 6 and écgply. While the use of
prompting may account for some of the variabilibserved and for the immediate
effect of the intervention, the variability in amtis was shaped and maintained by the
lag schedule. Furthermore, the high level of \ality remained as fewer and fewer
prompts were required. However, it is clear thebmbination of the prompts and
the schedule of reinforcement were required in otaleffectively increase

variability and result in favourable maintenancéhiea absence of either component.
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Figure 5.13: Number of different actions with toys demonstddbg Participant 3.

The number of toys sampled by Participant 3 acatigzhases of the study is
represented by Figure 5.14. At baseline, she sadjpst two of the 16 available
toys, indicating very low variability in her sammudj behaviour. During the
intervention sessions, she sampled a mean of 1dy8qrange: 11-14). From Figure
5.14, the immediate increase in the number of sayspled upon the introduction of
the lag schedule is clear. These data also shawiita variability criterion applied

to the target behaviour (variability in actionsiwibys) acted as an establishing
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operation for variability in sampling of toys. Dog the post-intervention probe,
Participant 3 sampled eight of the 16 toys, showairigvourable increase relative to

baseline, despite a lower proportion of toys beagpled in the absence of the lag

schedule than in its presence.
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Figure 5.14: Number of different toys sampled by Participant 3.

The number of switches from one toy to another Haaticipant 3
demonstrated during this study is representedgargi5.15. During baseline, she
emitted only three switches in the five minute gegsagain highlighting her low
variability. As before, this graph highlights tilemediate increase in variability
once the lag schedule was introduced. Duringritezvention sessions, this
participant demonstrated a mean of 32.29 switclaewyé: 27-42). During the post-
intervention probe, Participant 3 demonstratedviitches from toy to toy. This
represented a maintenance effect of the intervemtionumber of switches when the
baseline data is considered. From Figure 5.X&ritbe noted that the number of
switches observed during the probe is approximd&@edp of the mean increase

relative to baseline. This effect is promising wlome considers that this dimension
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of behaviour was not specifically targeted by g $chedule as it was not directly

reinforced, but it is considered a side effecthaf intervention.
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Figure 5.15: Number of switches from toy to toy demonstratgdPrticipant 3.

Figure 5.16 represents the frequency of motor stgpg emitted by
Participant 3 at the baseline, intervention and-pusrvention probe phases. During
baseline, the frequency was 38 indicating highsrafaepetitive behaviour for the
five minute baseline. The introduction of the tatpedule resulted in a significant
decrease in the frequency of stereotypy. The rreguency during the training
phase was 8.71 (range: 2-19).

During the post intervention probe, the frequenicgtereotypy was eight
instances in the five-minute period. This représgém 79% reduction in the
frequency of stereotypy from baseline to post-iweation probe. This represented
an excellent maintenance effect as the frequendpgithe probe was approximately
equal to the average frequency during interventibinus, when the lag schedule was

removed, even though the levels of variability asrthe three measured dimensions
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decreased, the frequency of stereotypy remainedchtahstable. These data are
extremely encouraging, particularly consideringuheely acknowledged
difficulties in decreasing stereotypy among indiats with ASD and the impact that

such behaviours can have on the individual’'s spe@dational and academic

functioning.
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Figure 5.16: Frequency of stereotypy emitted by Participant 3.

Figure 5.17 shows the results of baseline and iptestvention probes with
the set of generalisation toys. It is clear tloatthis participant the desired
generalisation effect of the lag schedule was obtewed. The number of actions
emitted went from nine at baseline to eight atolwHup; the number of toys sampled
decreased from five of the seven toys at basedireur at follow-up; the number of
switches from toy to toy decreased from 14 at liaséd 11 at follow-up and the
frequency of stereotypy increased from 23 at baseb 35 at follow-up. These data
show trends in the opposite direction to what wesiréd by the experimenter. There
may be several explanations for these data bsitciear that there was no

generalisation effect as a result of the intenamti
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It should be noted that Participant 3 demonstrateck variability in her
actions and sampling with the generalisation stittan the training stimuli at
baseline. This may have been because she fousdahof toys more appealing.
Although every effort was made to ensure that dlys tvere comparable in size,
colour/brightness and types of possible actionsetdemonstrated it seems that in
this case, the participant found the generalisabga to be more reinforcing as she
engaged significantly more with them. Howevers tHifect was not maintained and,
in fact, this participant emitted a frequency @frebtypy during the post-intervention
probe that approximated the high frequency obsetueithg the baseline with the
other stimuli. This may be due to the fact tha skquired more training sessions in
order for the behaviour change observed duringréieing phase to be maintained
and generalised. Further, this participant hadl hages of restricted repetitive
behaviours as indicated by the RBS-R. It is likélgt this influenced the efficacy of

the intervention procedure.
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Figure5.17: Results of baseline and post-intervention proltlk generalisation toys

for Participant 3.
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Participant 4

The number of different independent actions deitnatesl by Participant 4
across baseline, intervention and post-intervergrofe sessions is represented by
Figure 5.18. From the graph it can be observetttigparticipant demonstrated
higher variability at baseline than the previougéhparticipants. He emitted 16
different actions in each baseline session (congp@rsix, 13 and two for
participants 1, 2 and 3 respectively). Becaudaisf intervention for this participant
began on a lag 3 schedule of reinforcement. T§& lechedule was maintained for
sessions 1 through 5, while a lag 4 schedule whseak for sessions 6 and 7. When
the lag schedule was implemented, Participant 4Jodeimated an immediate increase
to 23 different actions in this 5-minute trainiregsion. He emitted an average of
17.29 actions (range: 9-23). During the post-wation probe, Participant 4
demonstrated 19 different actions with the toyhisTwas not a large increase on his
baseline level of variability but it was favouralmeterms of the mean number of
actions emitted throughout the intervention phakewing some maintenance
effects.

No prompts were issued to this participant. Indkight, this may have been
a flaw in the research design as it would have lag@gmopriate to interrupt some of
the obvious ritualistic behaviour he was emittinghwhe toys. He quickly learned
how to fulfil the criterion of the lag schedulearder to access reinforcement. Thus,
while he met the lag requirement, he was observdide up the toys and to lay them
out in particular ways that became quite repetiéind predictable. In short, he
learned how to alternate this “ordering behavianrbrder to meet the lag

requirement consistently.
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Further, in the case of the car, he would rollohg the table in various ways
before placing it in the spot he wanted. He wal&b emit an action with the
characters before placing them into their positibie interacted with the toys before
placing them in order and was careful to altertiag¢etoys he sampled. Once he had
the toys in their order he would select one atretiemit an action with it and place
it back in the same location. He often tweakedhiter of placement slightly and in
doing so fulfilled the lag criterion. This “ordag behaviour” became more
discernible as the intervention progressed anggeared as if he figured out exactly
where he wanted each toy in relation to the regh@toy set as the intervention
progressed.

The behaviour of Participant 4 demonstrated thaelsponded well to the
schedule in place but it also highlighted an idsueareful consideration when
implementing this type of intervention with a peipant who has a profile like this

one. He scored highly (with a score of 5) on tltedistic/Sameness Behaviour

Subscale of the RBS-R .
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Figure 5.18: Number of different actions demonstrated by Pardict 4.
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The number of different toys sampled per sessioRdnicipant 4 is
represented by Figure 5.19. During the two basedgssions he sampled seven and
13 toys out of the available 16. This gave a nefet0. During the intervention
period, Participant 4 sampled a mean of 11.43 gabd.4). During the post-
intervention probe, he sampled 15 of the 16 toyssdmowed a promising increase
relative to baseline. The mode of the data setdashowing that throughout the
intervention and during the probe almost all oféakailable toys were sampled by

this participant. This is a most encouraging fimgdas impaired sampling behaviour

in common in children with ASD.
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Figure 5.19: Number of different toys sampled by Participant 4.

Figure 5.20 shows the number of switches from éopy that Participant 4
displayed in the course of this study. From treprit can be noted that he
displayed 12 and 24 switches during the two basaéssions giving a mean of 18
switches. The discrepancy between the two baselived was observed in both the

sampling dimension and switches dimension forphigicipant may have been due
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to a habituation effect. It is likely that he silpgvas more used to the toys and the
toy table when he completed the second baselinee sampled and switched
between them at a higher rate. It is interestingdte that the number of actions
emitted was exactly the same for the two baseleesn though the sampling
behaviour had increased.

During the intervention phase, Participant 4 @digptl a mean of 25.57
switches (range: 10-34). The number of switchere@sed steadily across the
intervention phase apart from a dip at Sessiobdring the post-intervention probe,
he demonstrated 42 switches. This was higher thaifigure observed during the

intervention phase and represented a major inciatiee baseline level.
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Figure 5.20: Number of switches from toy to toy by Participdnt

Participant 4 did not exhibit any stereotypy atdha®, intervention or probe
stages with the training toys.

Figure 5.21 illustrates the results from basedind follow-up with the
generalisation toys. The number of actions emittekl the toys increased from 13

at baseline to 24 at follow-up. This demonstraiegxcellent generalisation effect
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of the lag schedule. At baseline, Participantmad six of the seven toys and this
increased slightly to seven at follow-up. The nemif switches from toy to toy at
baseline was 13 and this increased to 25 at follpw-Again this was a significant
increase and further supports the generalisalofitycreases in variability as a result
of lag schedules. Surprisingly, Participant 4 destiated some stereotypy during
the baseline with the generalisation toys, theudesgy of which was 6. However, at

follow-up the frequency was 0.

Baseline and Follow-Up Probes with
Generalisation Toys
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Figure 5.21: Results for pre and post intervention probes wahegalisation toys for

Participant 4.

Participant 5

Figure 5.22 illustrates the number of actions Beaticipant 5 demonstrated
with the training toys across baseline, interveniad probe sessions. As previously
noted, Participant 5 only underwent four trainiegsons due to his limited hours at

the school where the study was carried out. Howéng baseline and probe
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sessions, along with all generalisation probesewaggntical to those of the other
participants.

From the graph, it can be observed that Partitipatsplayed 15 and 19
different actions with the toys during the 2 basekessions (mean = 17). Because
of this high level of variability at baseline, Rapant 5 began the intervention phase
with a lag 3 schedule of reinforcement. The lagBedule was maintained for
Sessions 1 and 2 and it was increased to a lagetiste for Sessions 3 and 4.

The mean number of actions emitted during the wetgron phase was 30.25
(range: 29-32). This represents a significantaase in the variability of actions
demonstrated by this participant relative to baseliFurther, the small range
indicates that responding was stable across thevertition phase. While this can be
considered a positive effect, insofar as the irsgeaused by the schedule is
maintained across the 4 sessions, it also showsttraasing the lag schedule from
lag 3 to lag 4 had no effect of the behaviour of garticipant. This will be
discussed in more detail at a later stage. Duhegost-intervention probe,
Participant 5 demonstrated 35 different actionfiwhe toys, resulting in the highest
level of variability observed in the course of #tedy. Following just four lag
reinforcement sessions, he demonstrated variakiléyrepresented more than a
100% increase in the number of different actiongtechfrom baseline to post-
intervention probe. This result offers significanpport for the use of lag schedules

for increasing variability in the play behaviouraffildren with ASD.
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Figure 5.22: Number of different actions with toys demonstratgdParticipant 5.

Figure 5.23 illustrates the number of toys sampleéarticipant 5 in the
course of this study. At baseline, he sampledd®l&hof the 16 toys in sessions 1
and 2 respectively. During the intervention phagesampled a mean of 14 toys
(range: 13-16). During the post-intervention prdieesampled 12 toys showing no

increase on his baseline level.
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Figure 5.23: Number of toys sampled by Participant 5.
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Figure 5.24 represents the number of switches toynto toy displayed by
Participant 5. During the two baseline sessioastowed 34 and 38 switches,
resulting in a mean of 36. The mean number ofchwei observed during the
intervention sessions was 36.5 (range: 31-41). rilimber of switches demonstrated
during the post-intervention probe was 37. Agagreé was no notable increase in
variability on this measure.

There was no stereotypy recorded for this paditi@cross the entire study.
This is unsurprising on inspection of his RBS-Rresavhere he scored a 0 on the
Stereotypical Behaviour Subscale. Interestingkg Participant 4, Participant 5
scored highly on the Ritualistic/Sameness Behaviuloscale. In fact he scored
even higher with a score of 7. However, there m@stualistic behaviour observed
from this participant and the research notes dgtaahtain comments about the
typical and positive nature of this participantlayp particularly during post-

intervention probe sessions where he played indbpdly.
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Figure 5.24: Number of switches from toy to toy by Participant 5
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Figure 5.25 represents the number of actions, eumitoys sampled and
number of switches between toys with the genetadisatimuli for Participant 5. It
Is clear that there was not a large improvememamability from baseline to probe
indicating poor generalisation of the increasespled with the training stimuli.
While there was an increase in number of diffeeations from 24 to 27, the other

measures changed in the opposite direction.
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Figure 5.25: Results for pre and post intervention probes wahegalisation toys for

Participant 5.

Prompts

All of the scores listed in the above section perta independent actions.
As noted in the method section, some of the padrtis required prompting to
initially engage with the toys and access the cgaincies involved in the lag
schedule. Table 5.7 outlines the number of pronsgiged to each participant per
session across the training phase. Prompts waredausing least to most guidance
and were always less than 2 seconds in duratitwe. cfiiterion for delivering a

prompt was no action for 5 seconds or 5 secondsgamg in stereotypy.
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Participant Session Session Session Session Session Session Session Session Total

1 2 3 4 5 6 7 8
1 3 2 2 1 0 3 3 1 15
2 0 0 0 2 0 0 0 0 2
3 16 11 10 11 3 9 1 2 63
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

Table 5.7: Number of prompts issued across training sessmmnsaich participant.

Statistical Analysis

Table 5.8 displays the mean number of actions thegevith standard
deviations at baseline, intervention and post-ugetion probe for all participants.
From Table 5.8, it is evident that there was adangrease in the average number of
different actions emitted from baseline to thenmeation phase. This represents a
promising effect of the lag schedule on variabilityactions. There was a very slight
decrease in the average number of actions frortrdireng phase (with lag schedule)
to the post-intervention probe (no lag schedute)icating an excellent maintenance
effect for the intervention. The larger standagdidtion observed in the post-
intervention data indicate that there was moreatiam around the mean in the
maintenance phase, but this is likely to be dubeovaried participant characteristics

at the outset of the study.

Phase Mean Standard Deviation
Baseline 10.50 6.84
Intervention 19.85 6.05
Post-intervention Probe 19.20 9.65

Table 5.8: Means and standard deviations for number of diffeagtions in each

phase.
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A repeated measures ANOVA revealed that the mearbauof different
actions emitted by the participants in this stuitfeced significantly between
baseline, intervention period and post-intervenposbe E(2,8) = 10.717p = .005).
Mauchleys test revealed that the assumption ofrgptyewas not violated. The
Bonferroni post hoc test revealed that while thveas an increase in number of
different actions emitted between baseline and-mbstvention probe (10.50 + 6.84
vs. 19.20 + 9.65), this difference was not sigaifit = .081). In addition, there
was no significant difference revealed betweenntervention phase and the post-
intervention probe (19.85 + 6.05 vs. 19.20 + 9&&] there was only a slight
decrease in variability from the intervention phasthe probe phase € 1.00).

However, the difference in variability between taseline phase and the
intervention phase (10.50 £ 6.84 vs. 19.85 * 6vi&9 statistically significanp(=
0.048), indicating that the intervention had a Bigant effect on the target

behaviour in this study.

Interrater Reliability

The interrater reliability for Participant 1 wasufal to be Kappa = 0.76,<
0.0001. For Participant 2, the interrater relitypivas Kappa = 0.69% < 0.001.
For Participant 3 it was Kappa = 0.8p4 0.001. For Participant 4 it was Kappa =
0.699,p < 0.0001, while for Participant 5 it was Kappa.8(dl,p < 0.001. Landis
and Koch (1977) described Kappa values of 0.4056 8s moderate agreement,
0.60 to 0.79 as substantial agreement and valu@$80for more as outstanding
agreement. All of the Kappa values obtained inciimeent study were in the range

of substantial or outstanding agreement.
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5.4. General Discussion

As outlined above, the lag schedules implementedisnstudy had an overall
positive effect on variability of actions with tay#ll five participants demonstrated
a greater number of different actions with the tatypost-intervention probes
relative to baseline. Furthermore, all particigantth the exception of Participant 4
demonstrated a clear upward trend across therigpg@ssions. The results described
above are very promising and indicate that theofis®g schedules is warranted
when practitioners seek to increase variabilitplay behaviours in applied settings.
The concurrent decrease in stereotypy from extreimgh frequency to low
frequency for two of the participants is an addiibexciting outcome of the
procedure.

All participants but 1 (Participant 3) demonstrategrovements between
pre- and post-probes with the set of generalisabgs. The children had no access
to these toys for the duration of the training ghlast they demonstrated promising
improvements in the variability of their actiongtlwthem following the lag
procedure. This represented a strong test of gesa&tion as the stimuli were
entirely novel and different from the training stilnn contrast to previous studies
where the variations between the training and gdisation stimuli were slight, for
example wooden vs. plastic blocks (Napolitano ¢t28110). This is a further
encouraging finding as generalisation effects ameetimes difficult to obtain but
continue to be a desirable outcome of any intergantA number of points arise
when evaluating the outcomes of the current stsdy &hole. The decrease in
stereotypy observed, as variability in actionseéased, indicated that the lag
schedule may have served as a DRI (differentiafeetement of incompatible

behaviour) for stereotypy. It is desirable in agglsettings to teach skills that are
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incompatible with stereotypy, not simply reinforgithe absence of the behaviours
or “sitting still”. In this way, the current studhyas succeeded in reaching the goal of
habilitation. By increasing variability in playifik the intervention is likely to
improve participants’ access to reinforcers (batigtble reinforcement from the toy
play itself and social reinforcement arising framereased access to peers due to
improved play skills) and also to decrease thetesas to punishers in the form of
reprimands or social stigma associated with hi¢gssraf stereotypy.

The variation in the data, particularly those fribra post-intervention probe
warrants some examination. With such differingipgrant characteristics at
baseline it was expected that the lag procedurddwoeld differential outcomes
according to baseline levels of variability andestparticipant characteristics. The
nature of such characteristics was of great intéoethe experimenter.

Firstly, it is interesting to examine the data fr@articipants 4 and 5. They
show that the participants were almost identicghevariability of their actions at
baseline (16 for Participant 4 and 17 for Partiot®). However, Participant 4
demonstrated a modest increase across the tragghese and emitted 19 different
actions during the probe. Conversely, Particiadémonstrated a large increase
across the training sessions and emitted 35 diffexetions during his probe.
Furthermore, Participant 5 only completed foumag sessions while Participant 4
completed seven. Analysis of the profiles of theseicipants prior to the
intervention may hold some clues as to the diffggaccess rates of the intervention
for these two boys.

Participant 4 had a total score of 13 on the ADQ$@ng him a
classification of autism while Participant 5 hasicare of 9, giving him a

classification of autism spectrum. This differemtseverity of ASD symptoms may
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account for the different outcomes. Moreover, iBipint 4 received a score of 10
on the RBS-R while Participant 5 received a scéi® dnterestingly, Participant 5
scored higher on the Ritualistic/'Sameness BehaBabscale (7 vs 5 respectively).
However, Participant 4 scored 2 on the Restriateerésts Subscale and 2 on the
Stereotypic Behaviour Subscale while Participast@&ed 0 on both of these. lItis
likely that the range of RRBs demonstrated by Bigdint 4 may explain why the
intervention was not as successful in significamtreasing the variability in his
actions with toys.

Secondly, if the data set is viewed in its entiratgimilarity emerges
between Participants 2 and 4. At baseline thagmdifl in terms of the number of
different actions they demonstrated (12.5 vs. T@)is difference was interpreted to
be meaningful insofar as they began the intervardgiodifferent lag values (2 vs.

3). However, both participants responded in simvilays to the intervention. Both
showed an overall increase in variability in thegance of the lag schedule but the
data is variable.

Both participants demonstrated a modest incredaevesto baseline once
the lag schedule was removed, particularly in ligithe expectations that these
participants would respond very well to the intemven. Participant 2 demonstrated
an increase of five actions from baseline to preiet Participant 4 demonstrated an
increase of three actions across this period. Aguhe probe, Participant 2
demonstrated 18 different actions while Participgademonstrated 19, these data
show that their scores converged following therirgation. Interestingly, these
participants received similar scores from the ADG$Participant 2 scored 14 while
Participant 4 scored 13). Severity of autism sy may be related to outcomes

of a lag intervention.
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Likewise, Participants 1 and 3 share many traitduding, similar scores on
the ADOS-G (19 for Participant 1 and 16 for Papiggit 3) and similar profiles on
the RBS-R, mainly due to high rates of stereotypliey also reacted in a similar
way to the intervention. They did not emit manffedent actions at baseline, they
made significant gains while the lag schedule wgdace and they maintained the
improvement during the probe though they showededses from the training
sessions to the probe session. They also bothrirated large decreases in
stereotypy (>70%).

Participant 5 reacted extremely positively to thiervention. However, he
showed the most variability and less severity disau symptoms at baseline so this
was to be expected. Differential severity of ASInptoms across the participants
in this study needs to be considered when disogstsioutcomes. Measures such as
the ones employed here may also be of practicaifsignce as they can assist
practitioners in planning such procedures. Childegth greater severity of autism
and high rates of stereotypy are likely to reqaidditional intervention strategies
such as the ones employed in this study (hierantipyompts and RIRD) in order to
maximise the benefits of lag schedules of reinforest.

Participant 4 appeared to find a way to “cheat”l#geschedule and this may
indicate a possible flaw that should be considerken using it. As discussed
above, Participant 4 fulfilled the requirementdted lag schedule but actually
demonstrated some repetitive actions and “orddyeiaviour”. The lag schedule
may have promoted such behaviour as he was ablecass reinforcement in the
presence of it. Some ideas for how to addressatilibe outlined later under

directions for future research.
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Advantages of using lag schedules

The advantages of using lag schedules in appligageinclude their
efficiency. The positive outcomes of the currantly were achieved after only
seven five-minute sessions. Indeed, Participadtieved a 100% increase in the
number of different actions he emitted after omlyrfsessions. As noted above, the
participants in the current study varied widelyerms of their ability and level of
variability at baseline but nonetheless, all fietwipants achieved meaningful
improvements in both their variability in toy pland their stereotypy (where
relevant).

While lag schedules may seem complex to administre naive observer,
this was not the experience of the experimenténigistudy. The procedure,
particularly when conducted in short bursts, weaight-forward and efficient to
implement thereby showing ease of administratioa maturalistic setting.

Lag schedules may hold the answer to the criti@émany ABA
programmes, particularly in the area of early vgation, namely that they produce
inflexible responding that is difficult to genessi (Powell & Jordan, 1996). By
programming for variability from an early stageildren of all abilities can learn to
generalise their skills and access naturally oaegimeinforcers in their environment

more rapidly than usual.

Future Research

Future research is warranted to refine our knogéeaf the effects of lag
schedules on the variability of different repemrsiin different populations and to
promote their efficacy as an intervention that lbanutilised as part of regular ABA

programmes.
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Further investigation on the participant charastiess that contribute to the
relative success of the procedures is warranteitheadata above indicate that these
characteristics should influence the planning, enpntation and outcomes of such
procedures.

In light of Participant 4’s ability to “cheat” tHag schedule, research that
investigates how best to counteract this woulddsful. Research could investigate
how to adapt the procedure when the child is emggigi this type of ritualistic
behaviour.

Further research into the use of lag schedulegifiarent repertoires such as
verbal behaviour and movement in sport may incrédas@revalence and popularity
of this type of intervention and lead to more reskears and practitioners recognising
its value for increasing response variability.

The second experiment of Chapter 5 investigateeticacy of different lag
values by systematically increasing them in a sirsglbject research design. It aims
to identify the most effective schedule for varidpiin play actions with toys for one

participant from Experiment 1, Participant 2.
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Chapter 5
Experiment 2

Increasing Variability in Actionswith a Child Diagnosed
with Autism Spectrum Disorder Using I ncremental Lag

Schedules of Reinfor cement
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5.5. Introduction

In Experiment 1, evidence was provided to supti@tuse of lag schedules
of reinforcement for increasing variability in ttwy play of children with autism
spectrum disorder (ASD). This is a significantdiimg and, in the future, it is likely
that the use of these schedules with clinical patparis will be more commonplace.
Lee, Sturmey and Fieds (2007) reported that thetiiiteation of conditions that can
result in or maintain variability in responding silrefine existing practices and aid
in the development of new strategies that redumestypy and also increase
generative language, problem-solving and creatiag. pFrom this initial work, it
appears that the application of lag schedules nelyb& an important step in
achieving this objective.

On reviewing the data reported in Experiment laaquestions arose that
warranted further investigation. Experiment 2 atmanswer some of these
guestions in the pursuit of a greater understandirige precise mechanisms that
underlie the relative successes of lag schedulpsoiucing high levels of variability
in responding, in maintaining this variability amdgeneralisation to new situations
and stimuli (in this case novel untrained toys).

To this end, one participant (Participant 2) wele&ed from Experiment 1 to
participate in a comprehensive lag reinforcemeatg@dure. This participant was
selected as increased variability in actions wofstwas shown by him during the
training phase (when the lag schedule was in plagelhere was no extra increase
when the schedule changed from lag 2 to lag 3thEtmore, the data were variable
across the training sessions. Although he showae rariability during the post-
intervention probe relative to baseline, it was emmbugh to suggest a good

maintenance effect. Finally, this participant odgmonstrated a slight increase in
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the number of different actions emitted with thegmalisation toys following the lag
schedule procedure.

Napolitano, Smith, Zarcone, Goodkin & McAdam (2018¢d a lag 1
schedule to increase variability in the block-bungdof children with ASD in an
ABAB withdrawal design. They noted that, for twitleir participants, only a
partial return to baseline occurred. This wasna@resting finding and while it may
be interpreted as a lack of experimental conttad, possible that the increased
diversity in responding acquired reinforcing valda.addition, this study
investigated generalisation effects to a diffesaitof blocks (wooden vs. plastic).
All but one of the six participants demonstratea i@riability with the
generalisation stimuli following the lag 1 proceelur

The current study will address these issues @EINYBAB withdrawal
design with generalisation probes across threegshagile systematically

increasing the lag requirement in each phase.

5.6. Method

Participant

Theparticipant was a male aged 8 years, 10 monthsedtrhe of the study.
He had a diagnosis of ASD from an independent R8ggist who made this
diagnosis according to the DSM-IV criteria. He madeived 5 years of ABA
intervention in an ABA school for children with ASiitially for 30 hours per week
but he had been gradually integrated into a maastrschool in the two years prior
to the study. At the time of the study he attenkisdnainstream school for three
hours each morning and his ABA school for threere@ach afternoon resulting in

15 hours per week in each setting. He had a Spe¥esds Assistant while in the
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mainstream school. In the ABA school he receivetaof 1:1 and group
instruction.

The participant had good vocal verbal ability &edypically communicated
in 3-4 word sentences. His vocal verbal behavoainly consisted of mands and
intraverbals and he was reported to have good ifumadtcommunication. On the
ADOS-R (Module 2) his Communication Total was 7 amiSocial Interaction
score was 7, giving a total of 14, which was abibnecut-off of 12 for a

classification of autism.

Setting

The current experiment was conducted in a quiehroothe participant’s
ABA school, next to his classroom. Only the papanit and experimenter were in
the room with the door open. The toys in use gtpatticular time were laid out on
a child-sized table and any additional toys (elgpse utilised in subsequent phases)

were left outside the room.

Materials

Four sets of toys were purchased for the purpbtgsstudy. One training
set was used for each of the three phases of tlyw@mtion and the fourth toy set
was used to probe for generalisation. Each trgiset was comprised of seven
component toys. The generalisation set had fivepoment toys. Every effort was
made to ensure that the toy sets were age appmpnd that they were standardised
across the phases in terms of the number of conmpéoys in each set and the
number of possible actions that could be demorstraith them. The experimenter

investigated each of the toys to determine how ntamgrete and obvious actions
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could be completed with each set, (opening andrgda$oors, placing items in or out
of components, driving vehicles, based on the adists of the previous experiment)
and it was determined that 40 typical actions #iebe possible with each training
set. Beyond this, additional and less obviousbastisuch as causing a horse or a
ship to fly, were possible with all toys. Tabl® sontains a description of the toy
sets used in each phase. A Samsung video camiér&iywod was used to record all
sessions for retrospective scoring.

Phase Toy Set Components

1 Farm Set Tractor
Trailer
Fence
Cow
Horse
Pig
Farmer

2 Post Office Set Post Office
Car
Postman
Postwoman
Cat
Postbox
Letters

3 Pirate Ship Pirate Ship
Pirate 1
Pirate 2
Treasure Chest
Treasure
Sword
Armour

Generalisation Ambulance Set Ambulance
Stretcher
Paramedic 1
Paramedic 2
Medical Bag

Table 5.9:Description of toys sets and their component tsed in each phase of

the experiment.
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Figure 5.26:Toy sets used in Experiment 2 (clockwise from &fp1Farm Set, Post

Office Set, Pirate Ship Set and Ambulance Set.

Design

An ABAB withdrawal design with generalisation prebsas used in this
study. The conditions were identical across edc¢heothree phases (described
below) but the lag value increased in each onee dftder of the sessions is outlined

in Table 5.10.
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Phase lag value Conditions

1 lag 1 Al A2 A3 Bl B2 B3 genl A4 A5 AB4 B5 B6 gen 2
2 lag 2 Al A2 A3 Bl B2 B3 genl A4 A56AB4 B5 B6 gen?2
3 lag 3 Al A2 A3 Bl B2 B3 genl A4 A5 AB4 B5 B6 gen 2

Table 5.10Description of the order of conditions in each ghissthe reversal
design, where A = Baseline Sessions, B = lag Sesglag 1, 2 or 3, depending on

phase) and gen = Generalisation Probes.

Procedure

The procedure was identical to that of Experimebttithe order and number
of sessions differed (see Table 5.10). The regafiar used in this experiment were
books and a vibrating ring-pull toy. These weresgn by the participant prior to the
experiment. His preferred books were on deprivaesibother times so that they were
only available to him during the training sessioAdl. sessions (baseline, training
and generalisation) were five minutes in duratidhe toys were changed in each
phase but each generalisation probe was condusied the same toy set. All
sessions were video-taped and scored retrospgchydivo observers.

Phase 1. The Farm Set was laid out on a table. As beftweeparticipant
was led to the table and given the verbal instomcti

“Here are some lovely toys. Will you play with tHema few minutes?”

Three baseline sessions were conducted where the et interacted with
the toys in the absence of any attention or intemas from the experimenter. This
was followed by three training sessions utilising@1 schedule of reinforcement.
As in Experiment 1, the participant received a toidne emitted an action that

differed from the previous one. Tokens were exgedron a FR20 schedule.
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Prompts were not used during the training sessiorike lag schedules alone were
responsible for any behaviour change. Followingedtbaseline and three training
sessions, a generalisation probe was conducteid. wHS identical to baseline
conditions but the specified generalisation toysewesed. Next, three baseline
sessions, three training sessions (lag 1) andandegeneralisation probe were
conducted to finish Phase 1.

Phase 2. Phase 2 was identical to Phase 1 except the Pbse Gkt was
utilised instead of the Farm Set. Further, a lagt#®dule was implemented for each
of the training sessions.

Phase 3. Phase 3 was identical to Phases 1 and 2 but thteBBhip Set was

used and a lag 3 schedule of reinforcement wakgemuring the training sessions.

Data Analysis

The recorded sessions were scored for the numlzbffefent actions
emitted, the number of times each action was ethétel the number of toys
sampled. It was decided not to record the numbswiiches from toy to toy as in
Experiment 1 as the number of component toys waiscerl The frequency of
motor stereotypy was also recorded for the firgtgghbut it was occurring at such a
low rate that it was decided that it was not avate variable in the current
experiment. A second rater scored 69% of the sessn this experiment and an
interrater reliability analysis using the Kappatista was performed to determine

consistency among the two raters.
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5.7. Resultsand Discussion
Variability in Actionswith Toys

The number of different actions demonstrated vaifs toy the participant
across all sessions is represented by Figure )2/visual inspection, there was an
increase in the number of different actions denratesti across the three phases of
Experiment 2.

In Phase 1, the participant completed two of ktied planned baseline
sessions. He refused to engage with the toys gitiim third baseline session so it
was abandoned after 2 minutes and recorded assatefin the two baseline
sessions, Al and A2 he demonstrated 12 and 1Yehtfactions respectively with
the toys. When the lag 1 schedule was introdueisdricreased to 16, 15 and 16
actions with the toys during Sessions B1, B2 ande3pectively. Next, a
generalisation probe was conducted with the sgetdieneralisation toys. The
participant demonstrated 8 different actions dutmg probe.

When the next set of three baseline sessionsmalemented the participant
demonstrated 13 different actions in each of theetlsessions, demonstrating a
return to the baseline level of variability in acts. Next, the lag 1 schedule was
reinstated for three more sessions and the pattigemonstrated 16, 14 and 13
actions in Sessions B4, B5 and B6 respectively.il&the reimplementation of the
lag schedule resulted in an initial increase inalality in actions, the level of
variability began to decrease toward baseline glbglSession B6. It is unclear why
this occurred but it is possible that a satiatiffeat of the toys was responsible. In
the second generalisation probe of Phase 1, thieipant demonstrated 10 different

actions, indicating a slight increase in variapitlative to the first probe.
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In Phase 2, the participant demonstrated 13, 71ardifferent actions in the
first set of baseline sessions (Al, A2 and A3). eéN'the lag 2 schedule of
reinforcement was implemented, this increased td&%nd 16 in Sessions B1, B2
and B3 respectively. Next, a generalisation prehs conducted and the participant
demonstrated 16 different actions with the gensa#ibn toys, representing a
significant increase in variability in actions whemmpared to the previous probe.

In the return to baseline conditions with the tiregntoys for Phase 2, the
participant demonstrated 16 different actions anftrst session (A4), indicating that
he was maintaining the increased variability fréra teinforcement sessions.
However, this decreased to 12 different actionesscthe next two sessions (A5 and
A6). When the lag 2 schedule of reinforcement veasstated, he demonstrated 12
different actions in the first session (B4) andtincreased to 15 different actions in
Session B5 and 16 in Session B6, representingodedtvel of variability across the
lag reinforcement sessions. In the second gesati@n probe of Phase 2, the
participant demonstrated 14 different actions uhintoys, a slight decrease in
variability from the previous probe.

In the first set of baseline sessions of Phaslee3participant demonstrated
14, 12 and 14 different actions (in Sessions A1aA& A3 respectively). While this
represented a very slight increase in variabifitactions relative to previous
baseline sessions, it can still be considereduauréd near-baseline levels. When the
lag 3 schedule was implemented, the number ofréifteactions emitted increased to
17 in B1, 18 in B2 and 22 in B3, representing tlghést level of variability in
actions in any phase. This indicates that thagyaaint increased his variability in

response to the increased lag criterion. Nextg#reeralisation probe was conducted
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and the participant demonstrated 16 actions wettdlys, identical to the first probe
of Phase 2.

When the baseline conditions were reinstated, angcgpant initially
demonstrated a return to baseline levels of vditgbivith 12 actions emitted in
Session A4. Interestingly, this increased to Zfedint actions in Session A5, a
repeat of the high level observed in Session B3the final baseline session (A6),
the participant demonstrated 17 different actiorth voys. Although this
represented a marked decrease in variability velat Session A5, it did not
represent a return to baseline levels.

In the final set of reinforcement sessions, thiéigpant demonstrated 19
different actions with toys in Sessions B4 and B8 &8 different actions in Session
B6. This represented a slight decrease overalpaoad to the first reinforcement
session in Phase 3. Nonetheless, it indicateshiblaer variability in actions will be
observed when the lag value is increased. Initiz §eneralisation probe, the
participant again demonstrated 16 different actisitls toys. This is identical to the
previous session. Thus, while a clear generabisaffect of variability in actions to
novel untrained toys was observed across the plagsesesult of the lag schedule
procedure, it appears that a ceiling of 16 diffesations was reached in this
instance. Figure 5.28 represents the outcomdseajéneralisation probes in

isolation.
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Figure 5.28:Number of different actions demonstrated with tmysach of the

generalisation sessions of Experiment 2.

Frequent Actions

In the course of the study it was observed thaptrticipant tended to repeat
many of the actions with toys at a high rate. daswlecided to investigate this as it
was a variable of interest. For example, if theipi@ant emitted a large number of
different actions but then emitted a subset ofdhmany times, the behaviour may be
considered repetitive. In order to compile adissuch actions a cut-off was needed
to determine what would be considered high freque® this end, 20% of sessions
(n = 8) were examined to find the mean frequencyotibns. There was a total
frequency of 513 instances across 118 actionsc{ama were counted once for each
time they appeared in a session, a single actiolddm® counted up to 12 times),
giving a mean of 4.35. Thus, if there were 5 oreriostances of the same action
within one session this was determined to be a fnegfuency.

Table 5.11 lists the high frequency actions obsgmeach phase along with

the frequency of each action per session. Notelieafrequency of an action is only
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listed if it is greater than five in a given sessidn Phase 1, it is clear that the
participant emitted several of the actions at  gh rate, demonstrating that
although the number of different actions increasdtie presence of the lag
schedule, the high frequency of particular acticers be considered quite repetitive.
Indeed, across the entire phase there were 1%oesaf an actions being emitted 10
times or more in a 5 minute session.

In Phase 2 there were also many actions at a fregusd 5 or more and these
were distributed across the phase. There wasar@yaction that was demonstrated
10 or more times (puts letter in postbox). Thisoacwas considered high frequency
(>5) in 10 of the 12 sessions and, of these, itweduat a frequency of 10 or more
five times.

In Phase 3, a higher level of different actions wlaserved and there were
also considerably fewer high frequency actiondhegessions of this phase. There
were only four instances of an action occurringpL@nore times per session in this
phase. Across the final seven sessions of Phdkerg,were only one (in Sessions
B3, A4, A5, B4) or two (in Sessions A6, B6) higkduency actions per session,

with no actions meeting this criterion in Sessidn B
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Phase

Toy

Action

Al A2 A3

Bl B2 B3 A4 A5 A6 B4 B5 B6

Phase

Phase

Cow

Horse

Pig

Toy
Post
Office

Car

Letters

Toy
Ship

Hop
Jump
Lie
down

Hop
Jump
Lie
down
Hop
Jump
Lie
down
On
horse
back
Action
Open
door
Close
door
Put iten
in
Take
item out
Roll
straight
Roll
curved

Put iten
in
Iltem ou
Put in
postbox
Take ot
Place ir
P.O.
Action
Roll
straight
Roll
curved
Press
dragon
tail
Open
dragon
mouth

10 7
14 5

Al A2 A3

9

9

7

8 19 20

7 8

Al A2 A3
7 5 5

8 14 8

10 8 9 5 5
10 6 8 6 7 5
6 9 6 7

20
19
19

15
15
15

6 7
5 6 8
8 7 5 8 8

7 5 7
5 6 8
5 &5 7 7

23
24
23

Bl B2 B3 A4 A5 A6 B4
5 9

B5 B6

7

7 5 7 7 5 7 6

5 5 5

15 18 10 6 7 9 5

5 5

Bl B2 B3 A4 A5 A6 B4 B5 B6
10 9 6 6 5
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Phase| Toy Action Al A2 A3 Bl B2 B3 A4 A5 A6 B4 B5 B6
Open 5 7
cabin
door
Close 5 12
cabin
door
Put iten 6
on level
2
Lift 7
wings
Press 9 6 5
dragon
head
Press
blades/
waves
Put iten 6
on level
3

Treasure Open 5

chest chest
Close 5
chest

Table 5.111ist of high-frequency actions and frequency atchithey were

observed in each session (when frequency*Bas

Interrater Reliability

The interrater reliability for the raters was fduo be Kappa = 0.879,<
0.001 for Phase 1, Kappa = 0.8p% 0.001 for Phase 2 and Kappa = 0.462,
0.001 for Phase 3. As mentioned in the previougexgent, Landis and Koch
(1977) described Kappa values of 0.80 or more &standing agreement. The was
surpassed for Phases 1 and 2 while the Kappa sseP®approached this standard

and was in the range of substantial agreement.
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5.8. General Discussion

The outcomes of Experiment 2 further clarify tiffees of lag schedules of
reinforcement on variability in responding. In therent experiment, the design
indicated that the target behaviour of variabilityactions with toys was under the
control of the lag schedules in place across tfierdnt sessions.

The highest level of variability in actions wassebved in Phase 3, which
utilised a lag 3 schedule, the highest lag valwslus this experiment. This is an
extremely positive finding as it is the first studysystematically increase the lag
value in an applied research study into play behasiin a clinical setting. This
highlights the requirement for many other such istuigvith larger participant
numbers and a variety of clinical populations arget behaviours.

As reported above, in Phase 1 Sessions B5 anthBéijal reinforcement
sessions in Phase 1) there was a decrease iniligriabactions with toys. It was
observed that this may due to a satiation effeth®toys. Future studies could
attempt to remediate this by rotating the toys ustal alternating treatments design
using different lag values is likely to be usefot this purpose. Alternatively, toys
could be rotated within the same lag schedules &ffect was not observed in Phase
2 and in Phase 3 the effect was so small thainiggdigible (a decrease of one
action). This suggests that increasing the lagevalay also act as a remediation
strategy for this effect.

One aim of Experiment 2 was to investigate gersatbn effects of lag
schedules. The data reported above show thatwWeea large increase in
variability in actions demonstrated with the gefisation toys. Indeed, the number
of different actions increased from 8 in the fpsbbe to 16 in three of the four final

probes (in Phase 2 and Phase 3). It is uncleathehi was a practice effect from
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the number of training sessions or the increasgddquirement that caused this
generalisation effect of variability in actionsurther research is required with a
greater number of participants to investigate #ueire and extent of generalisation
effects under different lag conditions. Heldt &ahlinger (2012) reported that a
maintenance effect was more likely with a lag 3esithe than a lag 1 schedule as a
lag 3 schedule more closely approximates the cgaticies that are naturally
occurring in the environment. This may accounttf@ improved generalisation
effects observed in the higher lag conditions.

The level of variability in actions with toys wabnost identical in the lag
reinforcement sessions in Phase 1 and Phase 2 avbléar increase was observed in
Phase 3. Further research is required to inveastiha implications of this. Perhaps,
when utilising lag schedules in applied settingaaty be appropriate to progress
from a lag 1 schedule to a lag 3 schedule in cimercrease variability in a more
efficient manner. However, it is important to cioles the possibility that it was the
cumulative effect of the training sessions acrbssthiree phases that resulted in the
positive outcome observed in Phase 3.

An analysis of high frequency actions is usefutudies such as this to
thoroughly investigate the effects of lag schedolesariability in behaviour. As
reported by Lee et al. (2007), lag 1 schedulesesaunlt in responding that meets the
criteria for reinforcement but it can still be catesed repetitive in nature. This is
supported by the findings of Experiment 2 as martipas occurred at a high rate
(up to a frequency of 24 in one session). It isoemaging to note that increasing the
lag requirement remediated this effect as the nurmbleigh frequency actions
observed by Phase 3 was greatly reduced, indicHtaighe participant showed

more variability in the number of different actiomsitted and also, he did not repeat
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individual actions at a high frequency, as in PHas&xperiments such as this allow
researchers and practitioners to further underdtamdnplications of using lag
schedules with the clinical population.

Experiment 2 reiterates the finding of Experimendemonstrating that lag
schedules are an effective and efficient way toease variability in toy play in
applied settings. While further research is neddexvaluate the optimum
conditions under which the desired levels of valigtcan be achieved across
different repertoires, the current outcomes indi¢hat this is a promising area of
study that may have wide-reaching implicationsifiereasing the quality of service-

provision for those who demonstrate low variabiirtytheir behaviour.
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Chapter 6
General Discussion

Operant Variability: An experimental analysis of
consequential control over response variation
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6. 1. Overview of Aims

The current thesis aimed to add to the existisgarch on operant variability,
in particular the prevalence and impact of low &hatlity in individuals with a
diagnosis of autism spectrum disorder. Operanabity describes variability in
responding, i.e., whether responses are predictalvtendom-like, as operant
behaviour under the control of the consequencaddhaw it. Numerous studies
from the Experimental Analysis of Behaviour (EABMe provided support for the
operant nature of variability (Denney & Neuringe®98; Page & Neuringer, 1985;

Pryor, Haag & O’Reilly, 1969).

Individuals with ASD have been shown to have lowalality in their
behaviour (Baron-Cohen, 1992; Miller & Neuringe®0B). This is likely to be
related to the prevalence of RRBs in this poputasind can have implications for an
individual’'s performance across a variety of repees, including play, language,
problem-solving and reinforcement maximisation (Mhsl & Rincover, 1985;
Neuringer, 2002). This in turn has important iroations for successful

performance in social, vocational and academionggstt

Through careful experimentation and using lagganple sizes than previous
research, the current work aimed to establish xkené of the differences in
variability in responding between individuals wAl$D and their neurotypical peers
using a variety of measurement techniques, inclythe U-value statistic. As much
of our understanding of the mechanisms underlypeyant variability and the
consequential control that can alter its frequemay its foundation in research with
non-human animals, the current thesis aimed tanextge applications of this

previous work by applying such procedures to aadirpopulation. The participant
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groups involved in this work were children and ascknts who were neurotypical
and children and adolescents who had a diagno#iSBt The neurotypical

participants served as comparison groups for thie p&ticipants.

Another important aim of the current work was teestigate the relationship
between behavioural variability and severity anuketgf restricted repetitive
behaviours in children and adolescents with ASCaldo aimed to identify some of
the variables associated with low variability imstpopulation, including age,

severity of ASD symptoms, language ability and dHkyls.

The final aim of the current thesis was to appby/findings from previous
experimental studies to a clinically relevant bebax; variability in play actions
with toys, by identifying optimal conditions to iace a high level of variability.
This is the first study of its type that has acfulaly actions as the target behaviour.
Previous studies targeted variability in the pradifche behaviour, e.g., the
structure built with blocks (Napolitano, Smith, Zane & McAdam, 2010) or in
selection of toys or activities (Camilleri & Hanle3005). It aimed to increase
variability in play in a meaningful way among thHanical population in order to
identify procedures with real benefits that canrtm®rporated into intervention
programmes. The extension of procedures from baspplied research is
important here. The focus of such proceduresemtst has been in research with
non-human animals and, while more applied studie®eginning to emerge (e.g.,
Susa & Schlinger, 2012), there has been little exation of the precise conditions

that promote behavioural variability with humantppants.

The importance of play in the development of eadgial behaviour has been

well documented (Sutton-Smith, 1975; Wenner, 20@}ildren with ASD have
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been shown to have low variability in their playnbeiours and they often
demonstrate repetitive actions with toys (Stahm&ckreibman, 1992). This is
likely to result in serious impairments in theiila to interact with their peers
through play, which in turn may negatively impaeot faicquisition of important social
skills. The development of techniques to increasebility in play skills is

considered an important contribution to intervemsiéor children with ASD.

6. 2. Summary of ThesisFindings

In Chapter 2, the first empirical chapter of thisgis, a large sample (n =
130) was utilised to investigate the differenceamniability between children and
adolescents with ASD and those of typical develapgm®&obust conclusions were
made that supported the previous findings of Batohen (1992) and Miller and
Neuringer (2000). Participants with ASD demonsiatignificantly less variability
in responding than their neurotypical peers. Tioegdure incorporated the Penny-
Hiding Game which was appropriate for this purpasé is commonly observed in
naturalistic interactions. Interestingly, ninetpapants with ASD selected the same
hand across the 18 trials of the game. No neuiedlyparticipants demonstrated this
pattern of responding. A large effect size wasoled for the between-groups

difference in this study.

This study is unique as it is the first time tloav variability has been
investigated in the context of RRBs. To achieve déim, variability in individuals
with ASD was related to the presence and type d8 RBing the Repetitive
Behaviour Scales — Revised (Bodfish et al. (200%.expected, there was a

significant negative correlation between variapiind total RBS-R score, indicating
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that lower variability was strongly related to higites of RRBs in this population (n
= 65). When relationships between variability &RIB subtypes were investigated,
an interesting finding was highlighted. Signifitaegative correlations were found
between variability and Stereotyped Behaviour agttvben variability and Self-
Injurious Behaviour; these belong to the classRBR labelled Repetitive Sensory
and Motor Behaviours (RSMBs). These are descrdsddwer order RRBs and are

generally related to greater impairment in funatign(Lam, Bodfish & Piven, 2008).

The subtypes of the RBS-R that correspond to higraer RRBs
(Ritualistic/Sameness Behaviour, Compulsive Behavamd Restricted Interests)
were not found to be significantly correlated witiriability, indicating that
individuals who present with these types of RRBgehgreater ability to vary their
behaviour than those presenting with lower ordeBRRThis study contributes to
the existing knowledge base on operant varialityevealing important
information about the complex relationship betwksm variability and RRBs in this

population.

There have been some conflicting reports in theergental and applied
literature around the effect of age on variabi{Bancroft, 2011; Neuringer, 2002).

In the current study, the data revealed no sigmii@ffect of age on variability.

The difference in variability between neurotypiaald children with ASD
was investigated in Chapter 3 also, this time usiegrefully controlled method of
data collection. A sophisticated and automated dallection system was developed
for the purpose of assessing variability in respogdsing the U-value statistic.
This statistic was an important component of thielgas it provides a clear indicator

of the uncertainty of the distribution of responseih values closer to 0 being
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stochastic and those closer to 1 being randoms dlko allowed for careful
comparison across individuals and groups. A cosemguiogram in the form of a
game was designed for this purpose. Furthermioiestudy utilised an age
equivalence matched control group as well as anchogical age matched control
group in an attempt to control for the effect ofoiive functioning on variability in
responding following the outcomes reported in Caapt The Peabody PPVT-4 was
used to determine age equivalence scores of thieipants with ASD in the interest
of efficiency and given that it provides a a staddsed measure of receptive
language (formally referred to as “mental age” aftdn used as a measure of non-

verbal 1Q).

Statistical analysis revealed that there was afgignt difference in
variability between the participants with ASD ahe participants matched for age
equivalence. There was a difference between gaatits with ASD and participants
matched for chronological age but it did not resiztistical significance.
Importantly, in each case, the neurotypical paéinis demonstrated higher

variability than those with ASD.

In this study, there was a significant negativeeation between age and
variability in responding, with younger participarmtemonstrating greater variability.
No such effect was observed in the previous chaptes not clear whether it was
the precise measurement utilised in Chapter 3résafited in this finding or if it was
related to other, unmeasured participant charatiesi There was no significant
relationship between variability and performancal@ePPVT-4, indicating that
language ability (as provided by a standardisedsoreesof receptive language) was

not related to variability in this sample.
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Chapter 4 utilised a specifically designed and nsoqghisticated computer
program in the form of a computerised game thatdessgned for the purpose of the
study. The development of this resource ensureatgr motivation for participants
as they interacted with a more complex and appgaiterface, using a series of
animated characters. This program also allowed foore complex presentation of
a series of lag schedules. The program consistediodifferent settings, each
corresponding to a different sequence of presemtati the lag schedules, thus

controlling for sequence effects.

In Chapter 4, lag schedules of reinforcement wecerporated within the
game in order to investigate their effects on \litg in responding. As before, a
U-value statistic was calculated as part of thgy@m as a measure of variability,
resulting in quick and easy comparison of varigpgicross different conditions,
participants and groups. Furthermore, a controtldmn, where reinforcement was
independent of variability, was incorporated irtte program along with the
following lag conditions: lag 1, lag 2, lag 4, l&glag 8. The control condition was
important as it allowed the experimenter to demaistthat the lag schedules were

responsible for the observed variability in respogd

Significant differences in variability were foundtiveen the control
condition and the lag 6 condition and the contorldition and the lag 8 condition,
indicating that the greatest increases in varigbiliere observed in the presence of
the higher lag values. The difference betweerctmtrol condition and the lag 4
condition was significant at the< .05 level but when the Bonferroni correction was
applied it did not reach significance. Nonethelé@ss useful to note that the lag 4

condition also resulted in a high level of variil
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As part of Study 3, outcomes of the computer-bassidof variability were
examined in light of the participants’ scores om ADOS-G. There was some
indication that there was an inverse relationslepveen ADOS-G scores and U-
values in this sample, i.e., participants with tgeaeverity of ASD symptoms
demonstrated lower variability. However, there wasation within the sample and
no conclusive remarks can be made at this tim&erdatingly, the participant who
had the highest score on the ADOS-G (greatestrawiverity) demonstrated the
lowest variability across the intervention and hkiaved a U-value of O in the lag 2
condition. This means that, even though thereanlag 2 schedule of reinforcement
in place, this participant repeated the same segueikey presses across all 96
trials in that condition. It is possible that \ability and responsiveness to lag
schedules is affected by autism severity only &eexe ends of the spectrum but this
warrants further investigation. The current firgrserve as an interesting starting

point for such investigation.

Furthermore, Study 3 yielded outcomes of six pigdicts demonstrating
high and stable variability across the conditidosi(from the NT group and two
from the ASD group). This represents approximabelg quarter of the sample. Itis
not clear at this time whether the design of thmmaterised game contributed to this
or not. It may be the case that the intrinsic waiton embedded within the game led
the participants to try as many options as possibla the outset in order to progress
through it. As mentioned in Chapter 4, Abreu-Rgdes, Lattal, Dos Santos &
Matos, (2005) reported very similar findings foreanf their four pigeons when using
lag schedules. As this was not the primary fodub@research the authors did not
offer a robust explanation for this phenomenonweleer, if human patterns are

found to reflect those observed in the animal netetinen perhaps we can learn
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much more from those studies in terms of pattefmesults and susceptibility to

procedures that may produce meaningful changeciapiplied field.

Chapter 4 once again demonstrated the differemceariability between the
participants with ASD and the neurotypical partaips, with the U-value statistic
producing a robust demonstration of the phenomefidms study developed a
sophisticated manner of determining such a diffezeand the U-value was an
important part of this demonstration as it allovi@dquick and easy comparison
across individuals, groups and conditions. WHikedverall U-values were lower
among the participants with ASD, the performandesv in response to the lag
schedules was very similar. Inspection of the lgsagf the mean U-values for each
condition of each of the groups reveals the sarapeshcross the conditions with the
highest variability being observed in the lag 6diton and slightly lower variability
observed in the lag 8 condition. This indicatexs there may be a ceiling effect of

variability when schedules are increased past & \ben using human participants.

Chapter 5 was comprised of two applied experimehisre the findings of
the previous empirical chapters were used to develprocedure for increasing
variability in a socially significant behaviour,gyl actions with toys, in an applied
setting. This chapter was significant as the mesean increasing variability in play
behaviours has been confined to block building (&8eBaer, 1973; Napolitano,
Smith, Zarcone, Doodkin & McAdam, 2010) and hasdesited to lag 1 schedules

of reinforcement (Camilleri & Hanley, 2005; Napalib et al. 2010).

Lee, Sturmey and Fields (2007) highlight the sipeshortcomings of a lag
1 reinforcement schedule whereby “fixed variabitéguirements” (p. 439) may

result in stereotyped alternations between cepaiterns of responding. Simply
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alternating between two responses repeatedly ag & schedule meets the
variability requirement for reinforcement. We adhat Schwartz (1982) refers to
this pattern of responding as a higher-order stgpgo In this sense, use of alag 1
schedule with a clinical population, particulathypse with autism diagnoses, may
inadvertently reinforce forms of higher-order sfaymed patterns of responding
within the particular topographical target behaviolihe two studies reported within
Chapter 5 provided an important step in their @ionsddress the limitations reported
with lag 1 schedules in previous research (Lee, de&s & Jawor, 2002; Lee &
Sturmey, 2006). Effectively, increased lag reinémnent schedules were explored
to determine their effect on repetition of respopatterns. The current study
incorporated increased complexity in both the tabgdaviour under study and the

procedures used.

The two experiments in Chapter 5 utilised an aofagge-appropriate toys
that were found to be appealing to neurotypicdbdcen. Thus, it was thought that
they would be approximately representative of tys that the participants would
encounter in inclusive play or school settingsioPo the intervention in
Experiment 1, two neurotypical children were obsdrseparately playing with the
toys and an action list was devised following thelsservations. The neurotypical
children showed high variability in their actionghwthe toys and reported
afterwards that they enjoyed playing with thermtetestingly, in Experiment 1,
three of the five participants showed little intdrm the toys during the baseline
phase and demonstrated very few play actions wémt One participant refused to
engage with them in any way. Following the lagnf@icement procedure, all five
participants demonstrated an increase in the nupftifferent actions they

demonstrated with the toys relative to baselinkis Was considered an important
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and positive outcome of the procedure. Some fothieofive participants
demonstrated a clear upward trend across theraphase, indicating that the lag
schedule continued to increase variability in @ations. While four of the five
participants emitted fewer actions when the scheedils removed than when it was
in place, a maintenance effect was still obsereedll participants when compared

to baseline.

Important secondary findings of this study wereramease in the number of
toys sampled even though this was not directlyet@d, Furthermore, for the two
participants that demonstrated a high frequendstareotypy at baseline, this
decreased significantly during and after the irgation, indicating that the increase
in variability in actions resulted in a concurreetcrease in stereotypy. This is a very
significant finding as it provides support for theggestions of Lee et al. (2007) and
Napolitano et al. (2010) that methods for incregsiariability in responding may
have important implications for the treatment @irgbtypy in the clinical population.
The presence of RRBs in individuals with ASD ilikto be due to restricted
repertoires. By prompting and shaping new behasjoue can ensure that more
naturally occurring reinforcers are encounteretheenvironment. Lee et al. (2007)
report that the greater the number of variationgesponses that contact
contingencies of reinforcement, the more variabéeindividual’'s responding will
become. In this way, the mechanisms that are nsdple for response allocation,
for example, the matching law, may also be resba$or variability in behaviour

patterns.

Pre- and post- baseline probes were conductedavatt of generalisation
toys to determine if the increase in variabilityaictions would generalise to new

stimuli. For four of the five participants, an reese was observed, indicating good
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generalisation as a function of the lag procediNapolitano et al. (2010) reported
poor generalisation of variability in block-buildjdollowing their lag 1

reinforcement procedure. Furthermore, the traistmguli and the generalisation
stimuli were quite similar (wooden blocks vs. plagtocks). In Chapter 5,
Experiment 1, an entirely different toy set wasdugemeasure generalisation. Thus,
the positive findings described above serve asoagtindication of generalisation

for the procedure employed in this thesis.

Interestingly and in light of Lee et al.’s (200%3clssion of the limitation of
lag schedules in producing fixed variability regmrents resulting in stereotyped
alterations between response forms, one particiizarticipant 4) in Experiment 1
demonstrated this particular response pattern. pantcipant fulfilled the
requirements of the lag schedule but he did soendeimonstrating a repetitive chain
of actions. Schwartz (1982) described such respgras higher-order stereotypy
and this type of responding, under lag reinforcensehedules, may be more
obvious with an autism population given the prenedeof repetitive behaviour
observed in this population by definition of thagiosis. In integrated settings this
pattern of play behaviour would be considered adlpand it highlights an important
consideration when using lag schedules to tre&tcts] behavioural repertoires in

applied settings.

In Experiment 1 (Chapter 5) a procedure was deeeldpat allowed for an
efficient and effective way to increase variabilityactions with toys for five
participants with ASD. The five participants pretsel with a range of autism
severity, indicating that the procedure was effectegardless of the participant
characteristics at baseline. While more sessianshmve been required to achieve

high variability and generalisation for the pagints who were lower functioning,
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the method was robust across participants. Theaeff of this procedure in the

applied setting was another positive finding of ¢terent study.

Experiment 2 (Chapter 5) isolated one participesrifExperiment 1 in order
to examine the effects of a more rigorous singkeaesign and demonstrate the
effects of further exposures to the lag reinforcensehedules. A reversal design
was used to demonstrate that the lag scheduley@rjdst exposure to the toys, was
responsible for the increase in variability. IstBxperiment, the lag value was
increased incrementally from lag 1 to lag 2 to3aarross the three phases. Different
toys were used to control for learning and satmaétiects of previous phases in
Experiment 1. The participant demonstrated inengagariability as the lag values
were increased. He also demonstrated increasabiligy with the generalisation
toys, even though the lag schedule was never ugbhdhese. The positive
outcomes shown with an incremental increase itafpeschedule on play behaviour
were promising and they provide sound evidencéherrefficacy of using such
schedules in applied settings. Although this magdnsidered a preliminary
investigation, the two experiments reported in Géap provide strong support for

the procedure which was developed for this purpose.

The analysis of high frequency actions conductefixperiment 2 revealed
significant findings. The participant demonstrasesteral actions at a very high rate
in the lag 1 phase. By the time he reached thermn in the lag 3 phase, there were
very few actions that occurred at a high frequerityepresented a more equal
spread across the play actions. This indicatednibeeasing the lag requirement

served as a remediation strategy for repetitiomotibns at a high rate.
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Chapter 5 represents a novel area of investigatithmore complex
strategies than previous work in applying lag scitesito restricted behavioural
repertoires in autism. It shows how the stratetliaswere developed resulted in
meaningful behaviour change within an importaneregre for the five participants

with ASD.

6. 3. Theoretical Implications of the Current Findings

The current thesis has several important theotetrgaications. Firstly, it
showed that there is a significant difference inalality between children with ASD
and their neurotypical peers, with the childrenwAISD consistently demonstrating
low variability in responding. This was related fbe first time to the presence of
restricted repetitive behaviours, specifically kbvver order category of repetitive

sensory and motor behaviours (RSMBS).

It was revealed in Chapter 3 that the higher ldges(lag 4, lag 6 and lag 8)
resulted in the greatest variability in respondivghile this had been demonstrated
in published research with college students (BaJda@ich, Ohyama & Stokes,
1998) and with non-human animals (Abreu-Rodrigues.e2005; Page &
Neuringer, 1985), the current thesis replicatedehesults with neurotypical
children and children with ASD. Importantly, thiesveals that even lower
functioning children who demonstrate extremely kaviability and high rates of

RRBs show sensitivity to changing lag schedules.

Another important theoretical implication is thatjlschedules can be used to

increase variability in complex behaviours involyian array of stimuli. In
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Experiment 1 (Chapter 5) there was a range of {§ dvailable. The rationale for
this was that it would more closely emulate a tgpraturalistic setting where
children play. This further supports the notioatttag schedules can be moved “out
of the laboratory” and have efficacy in less coltabsettings with more complex
behaviours. From a practical point of view, imigeting conditions that ameliorate
response variability in “real word” settings shoaid in the development and
refinement of novel procedures that decrease mimdite RRBs among a clinical

population.

The generalisation effects observed in Experimgrasd 2 (Chapter 5) are
another important theoretical implication of thereat thesis. Prior to this, the
capacity of lag schedules for producing variabilitst would generalise was
relatively unknown. Goetz (1982) reported thategahsation effects would be
likely when the transfer task was somewhat simidahe training task. In Chapter 5,
this was shown to be the case. While a novelfdetys was used, many similar
actions could be demonstrated with them such asiogand closing doors, driving
vehicles, placing figurines inside objects etce le¢ al. (2007) describe response
covariation as instances where systematic chamgasa response result in
systematic changes in other response that haveeeotdirectly targeted. They
suggest that variability in one response class imifyence the amount of variability
in another response class. The current findingigate that this may be possible in

children with autism, particularly when differerdlues of lag schedules are used.

The observed decrease in stereotypy following tif@ementation of lag
schedules for increasing variability in play ac8aaises an important theoretical
question. It is unclear whether the reductiont@metypy was due to an increase in

variability that affected the low variability actis, i.e., stereotypy. Alternatively, it

215



General Discussion

is possible that the combination of response infgion and redirection (RIRD) and
reinforcement of varied actions acted as a DRktereotypy. Emitting varied
actions with toys is indeed incompatible with mmsttor stereotypies; however,
further investigation is warranted in order to itiigrthe conditions under which the
greatest and most lasting decreases in stereotyppe observed. Nonetheless, the
decrease in stereotypy for two participants whoavergaging at a very high rate at
baseline is a significant outcome of the curreasih with important implications for
how researchers and clinicians understand stergatyp other RRBs in the context

of behavioural variability.

Derby et al. (1997) implemented functional commatian training (FCT)
with four children with developmental delays anedytmoted that when they trained a
mand that was functionally equivalent to an aberb@haviour, the aberrant
behaviour decreased and manding increased. Howeevariety of appropriate
behaviours, not directly targeted also increasdtke authors concluded that as the
aberrant behaviours decreased and manding increatbed forms of appropriate
behaviour contacted reinforcement and overall etineas more reinforcement
available due to the increases in appropriate behavThe decrease in stereotypy
observed in the current study may be a resultvafreety of alternative responses

encountering reinforcement.

6. 4. Implicationsfor Autism Intervention

The findings of the current thesis have importarglications for intervention
for individuals with ASD. The observed relationshietween low variability and
high rates of RRBs indicates that strategies tiaease variability in responding are

likely to be successful in decreasing RRBs in gmpulation. As discussed above,
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the exact mechanisms for bringing about this chaegeire further study but the
current outcomes indicate that using lag schedflesinforcement to increase
variability in play actions with toys can resultammarked decrease in stereotypy

during play.

The most significant implication of the currené$irs for autism intervention
is the development and testing of an efficient effiective procedure for increasing
variability in play skills. When variability incessed, the participants demonstrated
many novel actions with the toys. Thus, they wigreg new things in order to
fulfil the lag schedule. Furthermore, they engagét the toys in more meaningful
way and they also sampled more of the availabls.tage et al. (2007) report that
an increase in appropriate behaviour leads toeatgr overall density of
reinforcement” (p. 446). Individuals with ASD megquire more reinforcement than
their peers to shape their behaviour and also¢owerter reinforcement for a wider
range of responses. Increasing variability in@adly significant repertoire such as
play actions with toys may result in the emergesfdeirther new response classes
due to the increased density of reinforcementéngifivironment. This has important

implications for the ability of these participambsintegrate into inclusive settings.

As demonstrated in Chapter 4, large increasesriability can be achieved
with relatively few training sessions that can bslwort duration. The efficacy of
using higher lag values with the target behavidwaniability in play actions with
toys was unknown prior to the current study. Theeedure outlined in Chapter 4
could easily be incorporated into a daily progranfarechildren with ASD. It
remains to be seen if this type of procedure vidld/optimal outcomes in early

intervention settings where toys involve many cetemovements, or whether the

217



General Discussion

procedures could also be used with older adolesteldren and more complex play

materials.

The current findings add to the existing researchising lag schedules with
participants with ASD. They suggest that whengiével of variability is
required, higher lag values should be used. Taetipality of implementing higher
lag values in applied settings may be questionedtdthe level of monitoring of
responses or sequences of responses. Howeveegf be€2007) describe the

advantages of the monitoring process involved grsighedules:

“The degree of recency is specified in the lag ®alurhus, only responses that fall
within the lag value are monitored. The gredterlag value, the greater the set of

responses that are ineligible for reinforcement™44).

When using lag schedules to increase variabilityeirbal behaviour, for
example in tact or mand frames, it should be péssitimplement higher lag values
and monitor the specified dimension (e.g., topolyafrom the sample of previous
behaviour with relative ease. The data from Chapiadicate that a lag 6 schedule
will yield a high level of variability. Howeverncreasing the lag value past this may
result in an extinction of variability so this shdie avoided. Another method for
utilising higher lag values is to incorporate auébed programs into ASD
programme design. However, the extent to whichwhil generalise to increased
variability in socially significant behaviours suahk play and verbal behaviour is not

yet clear.

The effective use of prompting in Experiment 1 (Qtea 5) indicates that
prompting can be incorporated into procedures wiugllag schedules. In this case,

the use of prompts allowed for quick increasesainability which is desirable in
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applied settings. Least to most prompting sholiégs be used, with a focus on
fading the prompts as quickly as possible, thes#higing the control from the

prompts to the schedule itself.

6. 5. Implicationsfor Future Research

The findings of the current thesis highlight sev@mportant areas for future
research that will further our understanding ofrapé variability and the prevalence
of low variability in individuals diagnosed with A5 The relationship between
variability and a variety of factors, including em severity, cognitive functioning
and adaptive functioning warrants investigatiorvetlarge sample of individuals
with ASD across a wide age range. Furthermorepteealence and impact of low
variability on adults with ASD is an under-reseadlarea which may reveal

important findings.

The participant characteristics that influencgoesiveness to interventions
involving lag schedules of reinforcement also wairfarther investigation. For
example, in Chapter 4 of the current study thereevi@ur participants in the
neurotypical group and two participants in the A@Dup who had high and stable
variability across the six lag conditions. Futtesearch may reveal the underlying

characteristics that result in such outcomes.

Further investigation involving the use of lagedules could consider the
use of a variable lag schedule as suggested bySteaney and Fields (2007). In
Experiment 1 (Chapter 4), Participant 4 demonstrateat these and other authors

(Schwartz, 1982) described as higher order stepgotin contrast to higher order
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RRBs described by Turner (1999) and Lam et al. §200ee et al. (2007) use the
term to refer to chains of responding that fuliiétlag requirement but do so in a
stereotyped way. For example, when Participanag @xposed to a lag 3 schedule
of reinforcement, he emitted a sequence of fodewdht actions that he repeated in a
chain, thus obtaining reinforcement for each actubiile actually engaging in quite
repetitive responding. This was the only partinipaho was observed to respond in
this way but a remediation strategy for this maydoeary the lag value within

conditions as opposed to across conditions.

Susa and Schlinger (2012) achieved an increasariability in tacting using
a lag 3 schedule of reinforcement. Unlike the expents outlined in Chapter 5,
they implemented the lag 3 schedule directly follaythe baseline phase. This
reveals an area of research that may have a lagiea significance. Investigations
that determine the most efficient way of usingdabedules may assist in refining
such procedures for effective use in applied sgtirSuch research should compare
increases in variability when the lag value is #aged systematically, as in the
current thesis, and when higher lag values areemphted directly following
baseline, as in the Susa and Schlinger (2012) stAdyultiple baseline design
across participants or repertoires of behaviourldvbkely be useful for such an

analysis.

The utility of lag schedules for increasing varigpin responding has been
demonstrated in the repertoire of language and phadditional research is
warranted to expand the research base to incogsuah procedures across different
repertoires such as problem-solving (in both acadeamd real-life examples) and
exploration of new environments. Future reseaothiccalso expand on the current

thesis and investigate the use of lag schedulaadogasing variability in more
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complex play and social behaviours e.g., interagilay. The development of
strategies for implementation of the procedurermedsuring outcomes would assist
in their becoming more widely utilised. The deyeteent of software, such as apps
for smartphones may lead to important advancemertk® way in which such

procedures are incorporated into intervention mognes for individuals with ASD.

The two experiments in Chapter 4 incorporated gdisation probes and
they revealed promising outcomes. However, asdnaibeve, the transfer task
(novel toys) could be considered similar to thenirgy task. Further investigation is
warranted to determine the extent of generalisadftects as a function of lag
schedules. Topographically dissimilar tasks wdaddiseful for this purpose.
Furthermore, generalisation across settings shalstdbe investigated. Finally, it
would be useful to determine the optimum lag scleedalue and amount of
exposure to the schedule that yields the greaéestrglisation of variability in

responding.

6. 6. Limitations of the Current Thesis

6.6.1. Sampling and generality of findings. As is commonly the case when
using human participants, there are limitationthecurrent thesis regarding
sampling of the population. As all of the partaps required parental consent in
order to participate, it is likely that the typepsrents who readily consent to their
child’s involvement in research studies share soomemon characteristics that may
influence certain characteristics in their childréfiowever, as informed parental
consent was paramount to each child’s participaticghis work, this potential bias

was unavoidable.
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In the two experiments of Chapter 4, all of thetipgpants attended an ABA
school and had done so for more than one yeaedintte of implementation of the
experiments. Because of this, they were familigin ¥he use of token economies,
which was an advantage to the experimenter. Honvéduwbere had been
participants who had never encountered a tokenogopndirect reinforcement could
have been used or, alternatively, a procedurenfanducing a token economy
(including conditioning of tokens) could have beamducted prior to the
intervention. The extent to which the succes$efintervention with the students
with ASD who attended an ABA school can be gensedlito students with ASD
who have not received ABA intervention is uncleat ibis thought that the
outcomes were related to participant charactesistich as autism severity rather

than type of intervention.

6.6.2. Standardised Measures Used. Chapter 2 utilised the RBS-R, an
empirically-validated standardised measure of iestt repetitive behaviours.
However, it is an indirect method of assessmentraag result in some degree of
subjectivity on the part of the individuals compigtit. In Chapter 3, the control
group matched for age equivalence was sampleddingaio the age equivalence
scores obtained by the participants with ASD onRR&T-4. A standardised IQ test
such as the WISC-1V may have been more suitabpgeasous work and the
outcomes of Chapter 2 suggested that cognitivetifumaog was likely to be related
to variability in responding. However, time comstits imposed by the schools in
which the research was conducted meant that inwapractical to administer the
WISC-IV. The PPVT-4 was a favourable compromisé asquick to administer
and has been used in previous published studi@sreesasure of non-verbal IQ (e.g.,

Reed, Broomfield, McHugh, McCausland & Leader, 2009
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6.6.3. Maintenance and Follow-Up. The current thesis demonstrated
positive outcomes of the procedures used. Howeler to the practical constraints
of time and access to participants, it was notiptes$o test for maintenance effects
of these procedures. Because of this, conclusiansot be drawn relating to the
long-term benefits of such procedures. It is usicighether ongoing training would
be required in order to achieve maintenance andrgbsation effects over time.
Further research is required to determine the éxtemaintenance from the type of
procedure described in this thesis and if furtheining across multiple repertoires

would be required.

6. 7. Conclusion

The current thesis adds to the existing researsé ba operant variability by
extending previous work from the Experimental Aisadyof Behaviour. Many
important findings resulted from the current wdnktthave implications for our
understanding of low variability in individuals Wit disgnosis of ASD and how to
remediate this. A significant relationship wasrfdibetween low variability and
high overall rates of RRBs and, in particular, ¢ttess of RRBs referred to as
RSMBs. This is a new finding that may change hawvew the instances of RRBs
in this population. Furthermore, when lag scheslwere implemented to increase

variability in toy play, the concurrent reductionstereotypy was an exciting finding.

The current investigation into the use of lag sictes with individuals with
ASD and neurotypical individuals also yielded impot findings. Firstly, they were
effective in increasing variability in both poputats but it must be considered that

the neurotypical participants demonstrated a hegbllof variability, even in the
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control condition where reinforcement was indepeanadé variability. It was
discovered that when a significant increase inalality is desired, higher lag values

(lag 4 or greater) should be used where possible.

The use of lag schedules with individuals with ABRpplied settings is
supported by the outcomes of the current thesialsd shows that lag schedules can
be used to increase variability in more compley jplahaviours. While previous
work in this area was restricted to increasingalality in block building tasks and
selection of activities, the current work increasadability in complex play actions
with toys, indicating the efficacy of lag schedulesincreasing variability across a

variety of target behaviours.

Furthermore, significant increases in variabiligznde achieved in a short
time and the procedures are efficient to implemdrtiis is of benefit to practitioners
designing programmes for individuals with ASD. The&comes reported in this
thesis provide support for the operant nature aabdity and demonstrate that
variability can be influenced by consequences. ddmingent reinforcement of
variable responding can be used to increase vhtyadcross a range of repertoires.
This is a novel area of research but it is oneugfehapplied significance. Procedures
that increase behavioural variability in individsiaith ASD may have a large role to
play in the development of new interventions treat ;emediate the low variability
commonly observed in this population and facilitidae ability to communicate and
socailise more effectively with their peers. Uldtaly, it is hoped that such
procedures will be incorporated into interventisogrammes and this will lead to
improvements in the ability of individuals with &rh to integrate successfully into

inclusive social, academic, vocational and recoeati settings.
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APPENDIX A
Action List - Chapter 5: Study 4, Experiment 1

TOY ACTION

Dinosaur Open mouth
Move arm
Move leg
Bang head off item
Walk
Hop
Place items in mouth
Place item on dino’s back
Take item of back
Stamp on item

Cave Remove top
Open door
Close door
Stack rooms
Place items inside cave
Take item out of cave

Swing Move swing
Place item in swing
Take item out of swing
Take off swing
Put on swing (hang)

Caveman Car Place item in car
Take item out of car
Roll in straight line
Roll in curved line
Fly through air
Crash car into object

Egg Open eqgg
Close eqgg
Place item in egg
Take item out of egg
Place egg in new location

Cave man Walk along
Hop along
Climb

Cave woman Walk along
Hop along

Climb



Baby

Baby Dino

Police Station

Police car

Police man

Police woman

Police dog

Traffic light

Stop sign

Walk along
Hop along
Climb

Walk along
Hop along
Climb

Open door
Close door
Ring telephone (press button)
Place items inside
Take items out

Place item inside car
Take item out of car
Roll in straight line
Roll in curved line
Fly through air
Crash car into object

Walk along
Hop along
Climb

Walk along
Hop along
Climb

Walk along
Hop along
Climb
Move location

Move location
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