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Abstract

Background & objectives
Several neurodevelopmental disorders are assoacidtiedesistance to change and

challenging behaviours — including temper outburstsat ensue following changes to
routines, plans or expectations (here, collectivekpectations). Here, a change signalling
intervention was tested for proof of concept antkptial practical effectiveness.
Methods

Twelve individuals with Prader-Willi syndrome paipated in researcher- and
caregiver-led pairing of a distinctive visual-vdrbmnal with subsequent changes to
expectations. Specific expectations for a plarsdibet of five participants were
systematically observed in minimally manipulatetunal environments. Nine caregivers
completed a temper outburst diary during a fourknmseseline period and a two week
signalling evaluation period.
Results

Participants demonstrated consistently less tempurst behaviour in the systematic
observations when changes imposed to expectatieres signalled, compared to when
changes were not signalled. Four of the nine @pénts whose caregivers completed the
behaviour diary demonstrated reliable reductiortemnper outbursts between baseline and
signalling evaluation.
Limitations

An active control group for the present initial aaion of the signalling strategy using
evidence from caregiver behaviour diaries was dattie scope of the present pilot study.

Thus, findings cannot support the clinical efficafythe present signalling approach.



Conclusions
Proof of concept evidence that reliable pairingalistinctive cue with a subsequent

change to expectation can reduce associated chatehehaviour is provided. Data provide
additional support for the importance of specifiagtical steps in further evaluations of the

change signalling approach.

Key words

preference for routine; tantrum; intellectual ditigh autism; stimulus control; resistance to
change; Prader-Willi syndrome



1. Introduction

Several neurodevelopmental disorders are assoacidtieé strong preference for
predictability, with increased risk of challengibghaviour following changes to routines,
expectations or plans (will be referred to colleely here as expectations). For example,
resistance to change is more common in individwéls Prader-Willi, fragile X, Smith
Magenis, and Lowe syndromes compared to multipleotevelopmental disorder
comparison groups (Moss, Oliver, Arron, Burbidg®&rg, 2009). The increased risk of
challenging behaviour following changes to expéatat has been demonstrated in research
with individuals with Prader-Willi and fragile X sgromes (Tunnicliffe, Woodcock, Oliver,
Bull & Penhallow, 2014; Woodcock, Oliver & Humphee2009a) and is reported anecdotally
by families with these other genetic syndromestheur changes to expectations have been
demonstrated as a common trigger of challenging\aehr in individuals with an intellectual
disabilities of mixed aetiologies (Furniss & Biswa®12), and in individuals with autism
spectrum disorder (Gomot & Wicker, 2012).

Prader-Willi syndromk one such disorder, has been estimated to havptdation
prevalence of at least 1:52,000 in the UK, althotighactual rate is likely to be somewhat
higher (Whittington et al., 2001). The disordeassociated with mild to moderate intellectual
disability, with an average IQ of around 60 (Wimitfion et al., 2004). PWS is caused by a
mutation affecting the paternally derived q11-g&@ion of chromosome 15. Most
prevalence estimates for clinically elevated priee for predictability are upwards of 60%
of individuals with the syndrome (Holland et al003; Moss et al., 2009). The profile of

challenging behaviour precipitated by changes opfgewith PWS most commonly takes the

! Prader-Willi syndrome is abbreviated as PWS



form of temper outbursts, which are shown by a&tl@2% of individuals and are an
important priority for intervention (Holland et a2003; Tunnicliffe et al., 2014; Woodcock et
al., 2009a).

The objective of the present study was to develappalot a caregiver led behavioural
intervention to decrease the frequency and sevefritgmper outbursts triggered by changes
to routines, expectations and plans (referred bectovely as changes to expectations) shown
by individuals with PWS. Given the expressioniafikar resistance to change behaviour in
individuals with other neurodevelopmental disordérs work will provide an important
foundation for the application and evaluation aftsan intervention approach on a larger
scale.

When individuals with PWS are exposed to changexpectations across different
settings but with the consistent presence of aquéat stimulus (e.g. a specific person), there
can be a reduction in the frequency of low levelligmging behaviours precipitated by such
changes over successive experimental observatdasdcock, Oliver & Humphreys, 2011).
A possible explanation for this effect is that kepeated pairing with changes to expectations,
the stimulus comes to reliably predict the occureeof changes through associative learning,
and that this increased predictability makes trenge less aversive.

This explanation draws support from the specifigretive difficulty in task switching,
which appears to be linked to the preference fedigtability observed in individuals with
PWS via the demand that changes to expectations plasuch switching abilities (and may
be relevant for the corresponding preference oleskirv certain other neurodevelopmental
disorders, such as fragile X syndrome and autissotepm disorder; D’'Cruz et al., 2013;
Lopez et al., 2005; Woodcock, Oliver & Humphrey802b). Neurocognitive paradigms

have demonstrated that task switching can be t@eti by presentation of external stimuli



that indicate a particular task, and also by ingireathe time available to prepare for a switch
once knowledge of its pending occurrence has bsegriained (e.g. Monsell, 2003). Thus,
the presence of a stimulus that reliably prediotsdccurrence of a change to expectation may
reduce the demand on the deficient cognitive poteked to resistance to change.

The reliable pairing of a distinctive cue with areet or stimulus that demonstrates a
known relationship with an individual’s behaviowshbeen exploited in stimulus control
procedures, which form an important part of seviedlaviour intervention approaches that
have demonstrated utility with individuals with medevelopmental disorders (Shahan &
Chase, 2002). Distinctive cues have been pairddtive non-availability of reinforcing
contingencies for challenging behaviour so thatlehging behaviour is reduced in the
presence of the cue (e.g. Cammilleri, Tiger & HgnRO08; Heald, Allen, Villa & Oliver,

2013; Kuhn, Chirighin & Zelenka, 2010). In additjaistinctive cues have been paired with
current or upcoming aversive stimuli (a verbal negnd, the removal of a preferred
item/activity) so that eventually challenging beloav is reduced in the presence of the cue
alone (Maglieri et al., 2000).

The reductions in change-triggered challenging belias observed in individuals
with PWS over successive changes when a partipelaon is present (Woodcock et al.,
2011) suggest that pairing a cue with the relialgleurrence of changes may constitute an
effective intervention strategy. To the best of kmowledge, stimulus control procedures
have not been previously applied in this contexng population (i.e. using a cue to signal
impending changes — regardless of their natureenwhange per se has been identified as a
key antecedent for challenging behaviour). Howewieleo modelling has been applied,
particularly with individuals with autism spectrutrsorder, aiming to increase the ease of

individuals’ transitions between tasks (e.g. Sdim&in, Whalen & Stahmer, 2000), and it has



been suggested that such modelling results indberinment of stimulus control by the
video over transitioning behaviour (Nikopoulos, @aan & Nikopoulou-Symrni, 2009).

Thus, such video modelling approaches appear tease the predictability of impending
events in an activity specific way. Similarly, wad activity schedules have been widely
employed in transition settings with individualghvautism spectrum disorders and
intellectual disabilities. Frequently such appiueghave aimed to increase transitioning
behaviour (i.e. have a primary goal and measurécbme of increasing adaptive functioning,
not of reducing challenging behaviour) and curemhulative evidence supports the efficacy
of visual scheduling in achieving this objectiven{ght, Sartini & Spriggs, 2015). However,
there is also evidence demonstrating that usesofavischedules can decrease challenging
behaviour linked to transitions (e.g. Mesibov, Bdaw & Kirkland, 2002; Tullis, Cannella-
Malone & Payne, 2015). Whilst visual activity sdhéng may potentially reduce the number
of changes to expectations that individuals ar@seg to (because the sequence of events
described in the schedule is adhered to), the nbofeéhe schedule may also increase the
predictability of impending events in a task speacifay, similarly to the video modelling
approach.

In the present study, a caregiver led intervensioategy for reducing temper
outbursts triggered by changes to expectationsdividuals with PWS was developed,
implemented and evaluated in a proof of conceptys(such studies have been highlighted as
an essential step in intervention development;gCeaal., 2008). A stimulus control
approach was used to establish a distinctive sigrtath would reliably predict the
occurrence of a change to expectation. The nowélifye present approach results from its
independence from the nature of the impending adaigan individual’'s environment.

Presently employed and previously evaluated intdgiwe approaches that attempt to increase



the predictability of individuals’ environments do in an event dependent manner (i.e. by
increasing information available on impending atigs as in the video modelling and

activity scheduling procedures described abovd)e dresent approach however, requires no
specific information on forthcoming activities atidis has the potential to be more resource
efficient and easier to implement than existingrapphes.

We hypothesized that stimulus control over tempgbuarst behaviours would be
demonstrated such that these behaviours wouldver o frequency following a change to
expectation that was signalled, compared to a sparding change that had not been
signalled. In addition, relative to a baselineigepreceding application of the signalling
procedure by caregivers, the overall number of smoptbursts following changes to

expectations would decrease.

2. Material and methods

2.1. Participants
Twelve individuals with PWS were recruited via treader-Willi Syndrome

Association in the UK — a support group for fanslieand from a group of specialist UK
residential homes. In line with the demographi&eug of the support association, all
participants were white British and of middle tgihisocioeconomic status. Caregivers were
interviewed via telephone on the context of thegenoutbursts that they observe (see
Appendix A for the interview schedule). Inclusion criteriasgied that individuals must
display frequent temper outbursts (at least 2-3nmsk on average); and that changes to
expectations should constitute a commonly occuramgcedent event for these outbursts.
Notably, the present intervention approach wasipaity designed to be appropriate for any

individual demonstrating temper outbursts followatganges to expectations, and the present



study attempts only to draw inferences about sndlviduals (these behaviours are
commonly but not universally shown by individualshwPWS). Thus, confirmed diagnosis of
PWS did not comprise an inclusion criterion.

All families had previously participated in the dites described in (Bull, Oliver,
Tunnicliffe & Woodcock, 2015; and Bull, Oliver, Cayhan & Woodcock, 2015), which
included the development of the presently appligialviour diary, and table top games used
here in theesearcher led teaching (below). The telephone interview was conductetthat
beginning of the participation timeline acrosssalidies (which ran over up to 24 months).
Ethical approval for the study was obtained from thniversity of Birmingham Ethics
Review Committee. All participants aged sixteeargeor older gave written informed
consent to take part; children under 16 years peabivritten assent and their parents
provided written consent. Demographic informationgarticipants is described Trable 1.

[Table 1]

2.2. Signal
A cue card Figure 1) was developed and checked for novelty with faasili The signal

comprised presentation of the card along with #ral phrase “this picture means something
different is going to happen”.

[Figure 1]

2.3. Overall procedure

2.3.1. Research activities involved
Figure 2 illustrates the research activities involved i@l experimental procedure,

details of which follow infSub-procedure andMeasures sections. Research activities included



1. Researcher-led teaching of the signal (Sectid)) 2. Caregiver-led extended teaching of
the signal (Section 2.5), 3. Natural evaluationtfef signalling; Section 2.6) and 4.
Mechanistic evaluation (of the signalling; Secti).

[Figure 2]

2.3.2. Participants’ involvement in research actieis

All caregivers took part in the baseline recordifigveeks in duration) of temper
outbursts in participants’ natural environmentsigghe behaviour diary (sééeasures)
before initiation of other research activities.ll&wing researcher-led teaching of the signal,
three participants withdrew from the study duehianging demands on the families. Thus, 9
participants took part in the caregiver-led extehtdaching of the signal and the natural
evaluation. For the mechanistic evaluation, givendssociated heavier demands on
participants and researchers, a sub-sample opévtcipants was planned. Participants were
invited to take part in the mechanistic evaluabased on their availability at times that best
fitted with the research schedule (for exampletigaants who lived far from the research
base and/or who had a particularly full schedulaativities that limited their free time,
agreed that this part of the study would not be@mpate for them). Importantly, selection
criteria were entirely pragmatic and no analysistber data collected had taken place at the
time of selection. To obtain the sub-sample of,fsig families were invited to participate but
one family was not willing to do so because of @ns about possible upset for the
participant.

Of note, all research activities included bothatah/adolescents and adults ($able
1). However, the only female who participated wrthd from the study following

researcher-led teaching of the signal.

10



2.4. Researcher led teaching of signal sub-procedar

2.4.1. Table-top games with participants

Participants had previously engaged with two tabpegames — for 40 and 80 minutes
respectively — during which routines were estalelts{see Bull, Oliver, Callaghan et al, 2015).
For example, one game involved specific action wéhds, dice and counters; and included a
routine of separating cards into two piles aftexheglayer’s turn.

Each game was played for thirty minutes duringraéiéng five minute conditions in
which routines were followed without change, orraes were imposed to routines but these
were preceded by presentation of the signal. @weehour, the researcher checked five times
that the participant could answer affirmativelytttige picture meant that something different
would happen. One participant did not wish to g@egaith the games, so eleven participants
took part in this procedure.

Following this, two test sessions were conductee (o the context of each game),
each comprising three, five minute counterbalaromedlitions. Critically, the conditions
allowed comparison of participants’ responses anges that were preceded with the signal,
compared to changes that were not signalled. Hemwaeasurements of behaviour and
physiological arousal did not provide evidence thatsignal to change association held by
participants was already strong enough to effechbieural change (sefppendix B). Thus,
further training in participants’ natural environnte was deemed necessary.

The table top games with participants ended with &ternating five minute long
sessions (in the context of the game previouslygaldor less time) during which either no

changes were imposed; or regular changes weredaeéd®y presentation of the signal.

11



2.4.2. Demonstration with caregivers

Written instructions were given to caregivers owho use the signal (ségpendix C)
and a researcher ran through these verbally widimgles. Emphasis was placed on the
importance of reliable signal to change pairin@rdgivers maintained their typical pattern of
responding in the context of changes except foatted presentation of the signal.
Following explanation of the instructions, the @®her observed the caregiver explaining
the signal card to the participant and asked whekigeparticipant knew what the card meant.
The researcher then also observed the signal beedwith the participant once (in the
context of a small imposed change (Segtion 2.5 for the definition of a small change), not
expected to trigger any upset or temper outbutsatieur), and discussed this with the
caregiver along with any issues the caregiver towe®lated to future use.

For the children (n=4Table 1) who were regularly exposed to both home and dchoo
settings, the demonstration was carried out witaragiver from both settings (n=2), or
teachers received written instructions and oppdstda ask questions via telephone (n=2,

where research presence at school may have capset].u

2.5. Caregiver-led extended teaching of the signalib-procedure

It was important to allow the signal to be learimegarticipants’ natural environments,
whilst avoiding scenarios in which it may becomsaoasated with aversive events. Thus, an
individualised, three level hierarchy of changesxpectations, was developed with
caregivers. The lowest level comprised changesag to be perceived positively by
participants (e.g. to a preferred event); follovegd'small” changes, expected to trigger lower
level upset and temper outburst behaviours; finatlig” changes were those expected to

trigger severe temper outbursts.
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Over one week, using the hierarchy and as descnibind signalling information sheet
(Appendix C), caregivers were asked to impose deliberate @sngvhich would be signalled
— once every two days, from those in the lowestlle¥ the hierarchy (i.e. positively
perceived changes). In addition, although caregiwere asked to use the signal preceding
naturally occurring changes, they were asked spaltif not to use the signal if any changes
from the highest level of the hierarchy occurred. @ivould usually trigger the most severe
temper outbursts). During the following week, cgwers continued with the imposition of
changes from the lowest level of the hierarchy gwep days; but also signalled all possible
naturally occurring changes. In addition, whenausa of the signal was followed by
adaptive (non-temper outburst) behaviours by dquaaint, caregivers were asked to provide
social praise. Thus, the caregiver-led extendachiag of the signal aimed to combine
positive reinforcement with presentation of thensilgduring participants’ initial learning

periods.

2.6. Natural evaluation of signalling sub-procedure

Caregivers were asked to make full use of the sigyasing it to precede all changes
of which they had some advance warning. No deliigechanges were imposed by caregivers
during this period. Caregivers completed the behadiary (seevieasures) during this
period to record any temper outbursts that occustgdesearchers were not present and the
only manipulation of participants’ environments wias use of the signal by caregivers when
appropriate. The primary purpose of this natuval@ation period was to assess the
feasibility of use of the signal by caregivers artcipants’ natural environments; and the
feasibility of caregivers recording of temper outtis using a behaviour diary during their use

of the signalling strategy.
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2.7. Mechanistic evaluation of signalling sub-prockure

The mechanistic evaluation comprised the primasydéproof of concept of the
signalling intervention strategy by systematicalymparing participants’ responses to
specific routines or expectations when these wigherefollowed as expected (no temper
outburst behaviour would be predicted); changeckpeetedly (temper outburst behaviour
would be predicted); or changed following preseatadf the signal (less temper outburst
behaviour compared to when the change was unexpecteld support proof of concept).
Thus, three types of observations (comprising aeonfation set) were made of participants in
their natural environments. Observations were cotedlin the presence of a researcher, who
video recorded the procedused Measures 2.7.2). A routine was observed without any
change, an equivalent routine was observed witeage imposedithout the signal, and
finally an equivalent routine was observed withgnalled change. Changes were imposed
by caregivers. Routines observed were selected tine middle of participants’ hierarchies
(i.e. expected to elicit some, but not severe, wmopitburst behaviour§able 1) to minimise
potential distress and allow for repeated obsesxati The order of the observations within a
set was variable across participants, based orctests imposed by the participants’
environments. Thus, observation order was appratdiy counter-balanced across
participants within observation sets. Up to thwbservation sets were conducted with each
participant (as could be accommodated by famili€f)servation sets were made on different
days during the natural evaluation period as waseaient for families. Importantly,
caregivers were not asked to make behaviour diatrjes corresponding to the time when the
researcher was present for the mechanistic evatuatid the two weeks of diary recording
during the natural observation period excludegithes when the researcher was present to

conduct the mechanistic evaluation.
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2.7. Measures

2.7.1. Informant report behaviour diary

Caregivers completed a behaviour diary documenénger outbursts during the
entire study periodHigure 2), including during a four week baseline periodpto initiation
of the other research activities. Entries incluthexldate, time, duration and an intensity rating
(ten-point scale). In addition, component behargptriggers, and after events were recorded
(seeAppendix E). Importantly, this approach provided the meansvaluate signalling
strategy mediated changes in temper outburstsetiggigoy changes to expectations. In
previous research with the present participant®roengs of heart rate and activity level have
indicated that physiological arousal is consistealévated during periods when caregivers
report outburst occurrences. In addition, highctwrence between outburst nature as
described in diaries and informant report struaturtéerviews was demonstrated (Bull, Oliver,
Tunnicliffe et al., 2015). Importantly, this preus examination of the validity of the
behaviour diaries did not allow investigation of tralidity of the 10-point intensity ratings.
Further, not all participants completed the intgnsating for each outburst recorded in the

diary. Thus, data on reports of outburst intenait/not reported further.

2.7.2. Behaviour observation

Participants were video recorded during the medatiarevaluation sub-procedure.
Observed behaviours were operationally definedtadesearchers independently coded at
least 25% of the footage. Inter-rater reliabilitgis ascertained and any behaviour categories
with low reliability were collapsed until a codisgstem of high reliability was ascertained

(Appendix D). Temper outburst behaviours coded were ignaggests, arguing, crying,

15



verbal aggression (Kappa 0.87-0.96), questionirapf&: 0.62) and picking nose (Matthew

only; Kappa: 1.0).

2.7.3. Open-ended anecdotal reports

Caregivers were contacted each week during theveméon to check progress and to
gather anecdotal reports about the signallingesisatThe researcher asked “how is the
cueing strategy going?” as a non-leading questesigthed to minimise demand

characteristics in caregivers’ reports.

3. Results

3.1. Mechanistic evaluation of signalling

For James, to minimize disruption to daily actesti one observation from the second
set was conducted on the same day as the firstwatem set. For Matthew, the first
observation conducted during the first set involaesignalled change to routine that elicited
substantial temper outburst behaviolalfe 1). It was deemed inappropriate by caregivers
and the researcher to continue with the other oasens in that set, as caregivers expected
that more temper outburst behaviour may ensuewlaareasonable for research purposes.

The percentage of each observation during whictiqzaints’ temper outburst
behaviours were observed is illustratedrigure 3. Importantly, temper outburst behaviours
were consistently reduced during observations irthvbhanges were signalled, compared to
corresponding observations in which changes wetrsigoalled.

[Figure 3]

16



3.2. Naturalistic evaluation of signalling

Reported temper outbursts triggered by changespectations were extracted from
participating families’ behaviour diaries duringetfour week baseline (prior to initiation of
the other research activities, including signalliregning) and two week naturalistic
evaluation period.

To ascertain an estimate with maximum possiblalgiabf the rate of change triggered
temper outbursts during a two week baseline pdaodach participant (to correspond with
the naturalistic signalling evaluation duratiomg number of these outbursts shown during
each week was added to those shown during eachvediai to give six rates of change
triggered temper outbursts corresponding to diffet@o week periods. Non-parametric
bootstrapping was then applied with 5000 iteratimnsreate a distribution of mean change
triggered temper outbursts during a two week basegieriod. The mean of this distribution
was taken as the estimated mean change triggemgekteoutbursts during a two-week
baseline and thé"sand 9% percentiles of this distribution comprised the 9&8#fidence
intervals around the mean. Such non-parametritsb@pping is not restricted by the
assumption of a population distribution of a paac shape (Kline, 2013). However, it must
be noted that the method is typically applied tgéa samples of independent observations
and thus its application to within participant otvsgions has not been widely tested.
Nevertheless, the confidence intervals calculatedyce an estimate of what would
constitute reliable change, which would otherwisele possible since the temper outburst
diaries have only recently been developed. Bedppdying the bootstrapping procedure,
weekly records of temper outbursts were examidg@pdndix F). Consistent trends over this
period were not evident but substantial week tokweiability supported the importance of

considering the present estimates of reliable ahang
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Five of the nine participants showed a reductiothexnumber of diary reported change
triggered temper outbursts between baseline andaistic signalling evaluatior=(gure 4).
Four of these five demonstrated reductions thaewetond the lower bound of the
corresponding 95% confidence intervals, suggestiagfor one participant (Daniel) the
observed change may not have been reliable. Q@indoal (Matthew) showed no difference
in the number of change triggered temper outbulstsonstrated at baseline and during
naturalistic signalling evaluation. Peter and Jaadwmonstrated an increase in the number of
change triggered temper outbursts between basstih@aturalistic signalling evaluation,
which went beyond the upper bound of the corresimgn@s% confidence intervals. Across
all participants, the frequency of change triggessdper outbursts reported during the whole
behaviour diary period was low, with Daniel demoatstg the highest rate of these outbursts;
three and a half during the two week baseline gerio

[Figure 4]

3.3. Follow up

The caregivers of Daniel and Alfred, who continb@@nplement the signalling
strategy following the end of the naturalistic exsion period, completed more temper
outburst diary entries.

For Daniel, these reports related to an eight welod immediately following the
naturalistic evaluation and indicated an averagewfchange triggered temper outbursts for
each two week period of the first four weeks, dmeée relevant temper outbursts for each two
week period of the second four weeks. These datiagr support the suggestion that the
observed reduction in number of change triggersgp&r outbursts between baseline and

naturalistic evaluation period for Daniel may nata been reliable.
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For Alfred, the reports related to a four week petihat began 37 days after the
naturalistic evaluation period ended. During thise, one change triggered temper outburst
was demonstrated during each two week period. rEnmgins lower than the baseline rate of
temper outbursts reported for Alfred but not betbe lower bound of the corresponding 95%

confidence interval of that baseline rate.

3.4. Open ended anecdotal reports

Anecdotal reports received (s&ppendix F) indicated generally positive perceptions of
the signalling strategy by caregivers. Interesyinggvo participants’ caregivers (Charles, Bob)
stopped using the original signal comprising thel edth the standard verbal phrase and
instead started using the verbal phrase “changethiarwise the same way as the signal.
Several reports indicated that the signalling stpatwas more often successful with certain
changes compared to others and that changes withrémitines or during contexts of
increased stress for participants, remained difficumanage for some participants whether

caregivers signalled the change or not.

4. Discussion

A change signalling strategy was implemented byctregivers of participants
recruited based on the occurrence of frequent temgbursts, with some of those outbursts
being reported following unexpected changes tdgpants’ expectations. All participants
were believed to have Prader-Willi syndrome, howeveonfirmed genetic diagnosis of the
syndrome did not constitute an inclusion criteribhe signalling strategy was implemented

following researcher- and caregiver-led teachinthefsignal-to-change association in a
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controlled and natural environment respectivelglldwing participants’ engagement with
the teaching procedures, all individuals who westesmatically observed in their natural
environments (mechanistic evaluation) showed ctardly reduced temper outburst
behaviour following a change to expectation thas signalled, compared to a corresponding
change that was not signalled. These observasigmgort our hypothesis and provide proof
of concept evidence that it is possible to decr@adigiduals’ change triggered temper
outburst behaviours by preceding changes withtindisze cue that only occurs when a
change is about to happen (thus, increasing thaegbadility of such changes). Furthermore,
results from temper outburst diaries (naturalistialuation) — kept by caregivers before and
during implementation of the signalling strategydicated that signalling may have
mediated reductions in change triggered temperupsith for some participants, even over the
short period that was included in the present @la@tluation. Anecdotal reports revealed
important considerations for future developmenthefchange signalling strategy.

When considering the implications of the presestiits, it is important to expand on
the difference between the mechanistic and nasti@kvaluations in terms of the evidence
each provides with respect to the potential effectess of wider scale implementation of the
change signalling strategy. The proof of conceptence provided by the mechanistic
evaluation was ascertained in the context of nedatilow level temper outburst behaviours.
Such temper outburst behaviours have been mangoulafrevious research to demonstrate
relationships between temper outbursts and envieoah contingencies (Bull, Oliver,
Callaghan et al., 2015; Oliver et al., 2009; Woakcet al., 2011). It has also been
demonstrated that manipulation of such precursbawieurs in an intervention setting can
produce beneficial effects on the correspondingencbiallenging behaviours (Langdon &

Carr, 2008). Thus, the mechanistic evaluationlteswe those that are critical in supporting
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the case for further evaluation of the signallirgtegy. The behaviour diary data ascertained
during the naturalistic evaluation on the otherchaglates to full temper outbursts.

Results for Peter and James nicely illustrate tmrast between mechanistic and
naturalistic evaluation results. These participahtowed reliable reductions in low level
temper outburst behaviours when a signal precegedtiular change to expectation relative
to when no such signal was provided. However, patiicipants demonstrated an (albeit
small) increase in the number of full change triggeoutbursts reported in the diaries
between baseline and signalling evaluation phases$\fere indeed the only two participants
to demonstrate such increases). It is possibteuth@ontrolled environmental factors led to
the occurrence of more changes to expectationghibae participants found particularly
difficult during the naturalistic signalling evatin relative to the baseline period. This
explanation derives some support from the anecdepalrts about Peter, which refer to
changes being more difficult when stressors byildnuhis environment. On the other hand,
it is also possible that the signalling strategyildldoe effective only for lower level
challenging behaviours in these participants. 8upp this possibility, an important
interaction between resistance to change and th@m@nce of a preferred event has been
demonstrated in previous research examining theaeff of intervention approaches aiming
to increase environmental predictability (Waterstrhan & Hovanetz, 2009). Further
research evaluating the present signalling stratebich tracks occurrence of changes to
expectations during baseline and evaluation peifatiatever the result of those changes),
will be important to distinguish between these pmbses.

The limitations of the naturalistic signalling ewation approach are also important to
bear in mind. Rates of change triggered tempdyuwsts during the two week baseline were

low. Whilst the present analyses attempted to @rsate for the low rates of temper

21



outbursts observed during baseline, an approxiggitmate of the reliability of the rate of
relevant temper outbursts could be provided oilllgese low rates were evident despite
inclusion criteria specifying at least 2-3 outbanser week. In the present study — to work
within the level of resources available — inclusooiteria were checked shortly after initial
recruitment, several months before initiation & baseline period reported. One factor
contributing to the low baseline rates of changgared temper outbursts reported here is
therefore a possible maturational trend (reduabier time) in the frequency of these
behaviours. Structured interviews with the presanegivers have indicated stability in
participants’ temper outbursts over a six monthgae(Tunnicliffe et al., 2014), suggesting
that such maturational trends are unlikely to Hasen the only factor contributing to the low
baseline rates of change triggered temper outbulMsertheless, the low rates of baseline
temper outbursts observed here, combined with dlssipility of maturational trends in
outbursts being present, point towards the impogari employing long baseline periods
when conducting future evaluations of interventiordemper outbursts. Given the demands
on participating families, particularly during imkeention baseline, this evidence is crucial for
supporting future optimal evaluation designs.

An additional factor that may have contributedrte low rates of baseline change
triggered temper outbursts was the presently eneglayclusion criteria. Here, initial
recruitment materials specified that the study megluparticipants evidencing difficulties with
change, who often show temper outbursts followimgnges. Thus, in structured interviews
with the present participants, change to routing&etations was the most common trigger
for temper outbursts (Tunnicliffe et al., 2014)owkver, the present inclusion criteria
required only that participants showed a minimur2-8f outbursts per week. The proportion

of those outbursts that should be preceded by @sangs not specified. Therefore, for the
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future development of intervention approaches basetthe presently applied signalling, it

will be important to carefully examine possibleféiences in the observed efficacy of the
signalling approach for individuals who show diéfet initial rates of change triggered temper
outbursts. With the development of a valid measarrascertaining the frequency of a
potential participants’ change triggered outbuastihe point of assessment of their eligibility
for entrance into the intervention, such knowledfjmdividual characteristics associated

with greater observed benefit of signalling paption would provide the basis for tools
capable of informing an individual family whethéetapproach is likely to be beneficial for
them.

The final factor important to highlight here, whiagtay have contributed to the low
baseline rates of change triggered temper outhusdise highly intense nature of temper
outbursts (e.g. Potegal, 2003; Wakschlag et al.2R0Such intensity may result in a bias
towards the behaviour being perceived by caregiagmmore frequent than objectively
measured rates. This factor highlights the vafumatinuing to develop the presently
employed behaviour diary method for monitoring temputbursts, which is less subject to
such subjective biases than informant report ime&rs or questionnaires. Further, it is
possible that moving forward, a behaviour diaryrapph to initial assessment of whether a
signalling intervention approach is likely to béeetive for an individual may be beneficial.

Anecdotal reports of the adoption of a differeghsil by two out of the nine
participating families suggest that in a wider edgatplementation of the intervention it would
be important to integrate flexibility into the segn In addition, the reports of increased
difficulties with certain types of changes — fomexple when there are increased concurrent
stressors or changes around food — support thgiecarded extension of signal teaching

approach that was adopted in the present studghwhade the distinction between different
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types of changes during initial signal acquisitidhseems likely that in future studies,
lengthening the teaching in participants’ naturalimnments may be beneficial.

Although the primary objective of the present stuwds to provide the proof of concept
evidence necessary to support future change siggaialuation studies, the limitation
relating to the lack of a control intervention hetevaluation of the naturalistic signalling
must be highlighted. Major placebo effects havenbeported on caregiver perceptions of
children’s temper outbursts (Whalley & Hyland, 2D18uture evaluation studies should
therefore employ an appropriate comparison intdr@enparticularly if an informant report
measure will comprise a primary outcome.

Finally, the present procedure did not allow theutes of a pure signalling (stimulus
control) approach to be separated from the efigfgsitive reinforcement (included
deliberately in signal teaching). This proceduss\adopted based on the assumption that
reinforcement would facilitate learning. Howevierture research is needed to examine the
potentially synergistic (or even primary) contrilout of such reinforcement to the effects of

signalling changes.

5. Conclusions

The results of the present study describe cristgds in the development of a novel
treatment approach for challenging behaviour assetiwith resistance to change shown by
individuals with neurodevelopmental disorders. haligh the present findings cannot be
taken to support the clinical efficacy of the treaht approach (since inclusion of an active
control group was outside the scope of the prestendly), the findings provide proof of

concept evidence that reliable pairing of a distugcsignal with forthcoming changes, is
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capable of reducing the extent of individuals’ d&dading behavioural responses to change.
Further, practical information on the importanceegfended baseline behaviour measurement
periods for future evaluations, and on how bestjgement the treatment approach, were

ascertained.
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Table 1 Participant demographics and observations forethd®o took part in the mechanistic evaluation sideg@dure

Participant’  Research activities Age  Gender Genetic  VABS® Observation Caregiver Routine Expectation
(y:m) subtype setting involved observed changed
Scott All teaching of 33:4 Male UPD 25 Care home Support worker Snack time Type of food
Bob : . g 47:10 Male NA 62 Daily planned Nature of activity
signal; Care home Support worker activity
Matthew  Natural evaluation: 16:4 Male NA 56 Home Mother Food eaten Type of food
School Support worker Snack time Time (delayed)
Peter Me(l:haplst|c 45:8 Male UPD 61 Care home Support worker  Washing clothe€lothes to be washed
James evaiuation 10:3 Male UPD 95 Outdoors Mother Dog walk Path taken
John All teaching of 39:7 Male NA 57
Daniel signal; 10:9 Male UPD 61
Alfred 43:1 Male  del +trans 40
Charles Natural evaluation 95 Male NA 76
Flord' 24:7 Female del 52
Alex Researcher-led 11:8 Male UPD 70
_ teaching of signal
Richard 9:7 Male UPD 79

2 pseudonyms are used to protect confidentialityaaticipants are male

® Vineland Adaptive Behavior Scales (VABS; Sparr@icchetti & Balla, 2005) total composite scores barconverted to the adaptive level describeds lo
moderately low, adequate, moderately high or higlh.means fell in the low range (<70), with thengge of scores spanning low to adequate. Genetgndses
comprised a paternal deletion in the q11-q13 regfd@hromosome 15 (del); a maternal uniparentardisof Chromosome 15 (UPD); a translocation on
Chromosome 15 (trans) or caregivers did not hagesacto a genetic diagnosis (NA).

* Participants described in grey typeface are thiwsetook part only in the researcher-led teachinipe signal
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Figure 1: the signal card that was laminated and presentpdrticipants before

changes along with the verbal phrase “change” gltevas 91mm; width was 58mm

Figure 2: overall experimental procedure. ME refers to tleehanistic evaluation sub-

procedure. Parts of the procedure when a reseanasepresent are indicated (RP).

Figure 3: The percentage of mechanistic evaluation obsematihen temper outburst
behaviours were shown is plotted relative to thetgf observation (whether no change was
made or whether a change was presented with oomtithe signal). Bar clusters indicate
observation sets for each participant, orderedradiogically. Individual observations in
each set took place in varying orders to beshfd participants’ daily activities and so were
approximately counter-balanced across particip@lhistrated here in a fixed order for ease

of visualisation).

Figure 4: Number of temper outbursts reported in the behandary for each

participant during the natural evaluation of sigjngl (2 weeks) relative to the bootstrapped

mean number of temper outbursts reported duringpareek baseline period
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Appendices

Appendix A.Semi-structured Interview Schedule for recruitmentand creating the
behaviour diary (Telephone)
Temper outburst/tantrum —

Highly emotional response. Period of crying, screaming, angry ranting, shouting, stamping
feet, or kicking. Can last for a prolonged period of time.

1. Does ever display temper outbursi\beur?

2. If so, what behaviours does shownduwitypical episode?
3. How often do the temper outbursts occur?

4. Think about the last time a temper outburst oecl) what seemed to trigger the behaviour
in this example?

5. In the example you thought about, how did y@poad to the temper outburst?

6. Roughly, how many times does the trigger youtimerd actually result in a temper
outburst?

7. Are there times when this particular triggersloet actually trigger a temper outburst?

8. Roughly, how many times after a temper outbwrild you respond in the way that you
mentioned in the example?

9. What behaviours does typically shivev an outburst?

10. Think of other examples in which a temper otgbaccurred, what seemed to trigger this
and how did you respond?

11. How long roughly do the temper outbursts lag? f

Review

12. Finally go over behaviours, antecedents andempurences listed.
Anymore behaviours, antecedents, consequ@nces

Can these antecedents and consequences be cad@®is this with parent/carer.
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Appendix B.Researcher-led teaching of signal sub-procedure altle top games with
participants

Test session method

Behavioural observations
Participants were filmed using a video camera. Bighais of interest were any temper

outburst related behaviours and these were codred thee computer package ObsWin 3.2
(Martin, Oliver & Hall, 2000) that allows for theal time coding of behaviour. Behaviours
coded were all behaviours that parents or caratsdeantified during the semi-structured
interviews. Behaviours of interest were operatityndéfined with some definitions from
Oliver et al. (2009) being useful. Inter-rater abliity was established for 25% of each
participant’s data. Kappa values of above .6 wetaldished for all behaviours indicating

good inter-rater reliability. SeBable B1 for information on reliability.
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Table B1 Behaviours coded during observations of participaioiring test sessions in researcher-led signethiteg procedure

Inter-
Behaviour rater
Coded reliability:
Operational Definition Kappa

Questioning The participant asks the researcher a questiotedeta the game. These could be about the 0.82

rules/materials/turns.
Ignoring The participant does not respond to a verbal requade by the researcher or the participant starts 0.60
Requests verbalise about something unrelated to the reqiiést.should be coded until a further verbal resgon

from the researcher (either a further requestwarbalisation about something unrelated to theest]wor

the participant stops ignoring and initiates a oese.
Arguing The participant makes verbalisations in the forrstatements of disagreement, giving order or making 0.68

demands, taken from Oliver et al. (2009).
Physical The participant responds with a deliberate act tdeeesearcher or object involving contact thataou 1
Aggression cause harm or damage. This should also includeressed attempts at physical aggression where no

contact is made.
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Physiological recordings
Participants wore a heart rate monitor (Polar RSt®fheasure heart rate) and an
Actiwatch that measures activity whilst playing tiemes. Heart rate information was
collected as an indicator of level of physiologiaebusal (different emotions increase heart
rate (Schwartz et al., 1981, Ekman et al., 1983 &iet al., 1992, Rainville et al., 2006 and
Fernandez et al., 2012), whilst the activity dataewsed to exclude the potentially
confounding influence of physical activity level beart rate as an indicator of arousal.

Increases in heart rate can be caused by physieatise (lellamo, 2001).

Heart rate was recorded in beats per minute (bjmichyecorded every one second.
Activity was recorded as an activity count. Theiettich has an accelerometer, when
movement is detected it produces an electric ctiemedt any change in voltage is measured

as an activity count. Activity counts were recorade@pochs every ten seconds.

Test session results

Mean percentage of time during which temper outdwekaviour was presented during
test conditions including no changes, un-signatleahges and signalled changes for each
participant are illustrated iRigure B1. Mean heart rate for each condition and meanigcti
counts are illustrated iRigures B2 and B3. Overall, median temper outburst behaviours
across all participants were similar in no changesignalled and signalled change
conditions (no change: 0.78; un-signalled chandgt;&ignalled change: 0.68). Mean heart
rates and activity counts were also similasaft rate: no change: 75.61; un-signalled change:
74.04; signalled change: 74.2&tivity count: no change: 74.57; un-signalled change: 66.47;

signalled change: 73.04).
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20 B No Change
18 - Cued Change

16 - B Unexpected Change
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Mean percentage of condition duration during
which temper outburst behaviours were displayed

1 2 3 4 5 6 7 8 9 10 11
Participants

Figure B1. Temper outburst behaviours demonstrated duringteslitions in which no
changes were imposed (no change), signalled chdoged change), or un-signalled changes

(unexpected change) were imposed.
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ACCEPTED MANUSCRIPT

120 -

B No Change
" Cued Change
B Unexpected Change

Mean heart rate (bpm)

Participants

Figure B2. Heart rate demonstrated during test conditionghith no changes were imposed
(no change), signalled changes (cued change),-sigmalled changes (unexpected change)

were imposed.

39



160

140

120

100

80

Mean activity count

60

40

20

Figure B3.

B No Change
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Participants

Activity count demonstrated during test conditiamsvhich no changes were

imposed (no change), signalled changes (cued chaorgen-signalled changes (unexpected

change) were imposed
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Appendix C.Written information sheet provided to caregivers

Background

The signal we have given to you should be use@lip you to signal any change to
routine/expectation that happens to <participamntre signal should be something new and
distinctive for <participant>. We will help to tda&participant> to understand what the
signal means.

We hope that with enough practise <participant* i#drn that the signal means that
somethingwill change. We think that this will make it easier<garticipant> to deal with
the change because <he/she> will be expectinghiappen so <he/she>will be prepared.

Wel/you will not know in advance about all chandes will happen so we cannot
signal all changes. What is important though i$ ¢évary time <participant> sees the signal
a changenust happen. You shouldnly show the signal when you know that a change to
routine or expectation is going to happen.

How to use it?

Anytime that you become aware of a change to <ppaint’'s> routine or expectation
you should be prepared to use the signal. Whersildeghe signal should be kept with you.
In the usual way that you might address a change sparticipant> do the same as you
normally would but always pair this with the sigaald the phrase “This picture means that
something different is going to happen. (Then expthange as you normally would).”

So:

1) If you would usually talk about the change a fewes before the event show the
signal every time you talk to <participant> abdut i

2) If you usually only address the change once shevsidnal this one time.

3) If you find out just before a change that it is ab happen show the signal as soon
as you can.

4) If a change happens and you did not find out aliontadvance do not worry. It
might not be possible for you to signal every cleabgt what is important is that you
never show <participant> the signal unless a cha&ngeing to happen.

Important rules:

1. Not every change has to be cued but it is impottaityou shouldnly show the
signal if a change is going to happ&m. not show the signal if a change to
routine/expectation is not going to happen.

2. When using the signal always use the phrase “Tibtane means that something
different is going to happen. (Then explain chaaggou normally would).”

3. Always think about changes to <participant’s> roator <participant’s>

expectations. It may be that sometimes a changeenahat you do not think
<participant> would be aware of. If this happensidbsignal the change. You
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should only signal changes that you think are charfigpm <participant’s> point of
view.

4. If a change is signalled and <participant> doesdmylay a temper outburst then tell
<participant> that they have dealt with the sitoratvery well and praise <him/her>
for this achievement.

What you need to do over the next 4 weeks

Week 1:
» Carry out the strategy outlined above but by onigicg those changes that are less
problematic that we have identified in the hiergrtch
* To help <participant’s>learning try to add a snthlhnge to <his/her>
routine/expectation at least once every two dagsnaake sure you use the signal to
warn <participant> of this change. This will helpasticipant> to remember the
purpose of the signal. The changes do not nebd thg. Changes can be made
where you would not expect <participant> to fingety difficult.
» Continue to use the behaviour diary —
= Record all changes to routines or expectationsabair that you are
aware of even if there is no outburst. Times wineme is no outburst
but there is a change write down the time and datktick either the
change to routine or change to expectation bokeriBefore” column
and leave everything else blank.
= Please document for all times that change occuth (iIshen there is
an outburst and when there is not an outburstjlypménat the change
was.

Week 2:

» Carry out the strategy outlined above but now duehanges that occur and all
changes that we identified in the hierarchy.

* To help <participant’s>learning try to add a snthlhnge to <his/her>
routine/expectation at least once every two dagsnaake sure you use the signal to
warn <participant> of this change. This will helpasticipant> to remember the
purpose of the signal. The changes do not nebd thg. Changes can be made
where you would not expect <participant> to fingety difficult.

» Continue to use the behaviour diary —

= Record all changes to routines or expectationsabair that you are
aware of even if there is no outburst. Times wineme is no outburst
but there is a change write down the time and datktick either the
change to routine or change to expectation bokeriBefore” column
and leave everything else blank.

= Please document for all times that change occuth (ishen there is
an outburst and when there is not an outburstjlypménat the change
was.

For the next 2 weeks:
» Carry out the strategy outlined above
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* This time continue as you would normally. Theraasneed now to deliberately make
any changes. Just signal any changes that hapgeman
» Continue to use the behaviour diary —
= Record all changes to routines or expectationsabtair that you are
aware of even if there is no outburst. Times wineme is no outburst
but there is a change write down the time and datktick either the
change to routine or change to expectation bokerfBefore” column
and leave everything else blank.
= Please document for all times that change occuth (ishen there is
an outburst and when there is not an outburstjlypménat the change
was.

If you need help or advice
Contact me on [telephone numbers] or [email ad{iress
We will contact you on a weekly basis to checkvémything is going ok
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Appendix D

Table D1 Operational definitions and Kappa inter-rateraiellity coefficients for temper outburst behavioalserved during thiglechanistic

Evaluation Sub-Procedure.

Behaviour Operational Definition Kappa
Questioning The participant asks their parent/carer/teacherareser a question. 0.62
Ignoring Participant does not respond to a verbal requederbg their caregiver or verbalises about something 0.95
Requests unrelated to the request. This should be codedlaifirther verbal response from the caregiveu(théer

request or a verbalisation about something unmttat¢he request) or the participant initiatesspomse.
Arguing Participant makes verbalisations in the form ofesteents of disagreement, giving orders or making  0.92
demands.
Crying Participant shows tears or speech or non-speedilisattions associated with crying. 0.96
Verbal Participant verbalises threats or makes hurtfulroemts towards their caregiver. This could alsoudel 0.87
Aggression any offensive language.
Picking Coded for Matthew only. Participant picks nose Mitigers or tissue. Includes blowing nose and gatin 1.0
Nose any mucus from fingers or tissue.
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Appendix E.Example of a behaviour diary entry sheet

Date

Time

Behaviour Observed

Duration

Intensity
1-10

Before

After

Shouted

Kicked

Spat at someone
Red Face
Stamped feet
Other

LONONONONONO]

ah b b b

ah

Change to routine

Change to expectation
Somebody told him off
Somebody told him off about
food

Did not get some food he
wanted

Other

LNONONONONOD]

Cried

Said sorry repeatedly
Blamed somebody else
Wanted a cuddle

Tired

Other
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Appendix F. Supplementary results
Behaviour diary reports were examined over the foeek baseline period to check for trends that d@aulply temper outbursts were
increasing or decreasing during that peridab{e F1). No consistent trends were observed. Neveldbetbe weekly records of temper

outbursts clearly indicate substantial variabifiym week to week across all participants.

Table F1. Number of change triggered temper outbursts detraied in each week of the four week baseline pgeno each participant

Participant Week 1 Week 2 Week 3 Week 4
Daniel 3 3 1 0
Alfred 1 2 0 0
Charles 1 1 1 0

Scott 1 0 0 0
Bob 0 0 1 0
Matthew 2 0 0 2
John 0 0 0 0
Peter 0 0 0 1
James 0 0 0 2
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Anecdotal open ended reports to inform on the @E®oé administering the signalling intervention &vascertained from caregivers on a
weekly basis via telephone. Caregivers’ respoasesummarised ifable F2.

Table F2 Caregivers’ responses to weekly open ended reportise process of administering the signallingrirgation

Participant Anecdotal information provided on use @ the signal in the participant’s natural environment
Alfred (Parent) He is into it in a big way, he levine card

He asks for the card when he thinks there migta bleange

He has been better behaved, I'm grateful of thet gme

He knows what the card means

Said he likes to see the card

With the card he accepts these changes
Charles (Parent) The card quickly became a no-no

We have used the word 'change’ as a means ofatying the problem and as a strategy appearswmheéng
Scott (Parent) It does not always work

....IS going ok, although | need a card tatto@echy hand
Bob (Care home) Don't need card now, just say piian

Recently had to make a change to food, the haotk@sige for..., he just accepted it

Good idea, Is working

He likes it and says it's useful

Managed to cut the number of cigarettes down abgaysing the card and approaching it as a change

Matthew
(Participant) It is helping
John (School) ....has learned to identify the card

....this has reduced minor challenging behaviespgcially if the change is not to do with food
This has been especially helpful with changegsrtimetable
It has even worked with some bigger changes
It will take a long time and constant work fota.accept changes to his food routine
Peter (Care home) The cards are positive
Planned changes before the stress builds up chelped with cards
If....Iis juggling too many....worries....then tbard is less effective
James (Parent) He has been a lot calmer Paged7 of 47







Figure 2
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Figure 3
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Figure 4
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Caregivers provided a warning signal before a forthcoming change to participants’
expectations.

Participants’ showed less challenging behaviour following signalled than not signalled
changes.

Diaries showed some reliable reductions in temper outbursts during signalling use.
Caregivers appear willing and able to use the signal.



