OLLSCOILNAGAILLIMHE
UNIVERSITY OF GALWAY

Extinction of over-selected stimuli causes
emergence of under-selected cues in higher-
functioning children with autistics spectrum disorders

Title Extinction of over-selected stimuli causes emergence of under-
selected cues in higher-functioning children with autistics
spectrum disorders

Author(s) Reed, Phil;Broomfield, Laura;McHugh, Louise;McCausland,

Aisling;Leader, Geraldine

Publication Date

2008-09-12

Publisher

Springer

Repository DOI

10.1007/510803-008-0629-8



http://dx.doi.org/10.1007/s10803-008-0629-8

J Autism Dev Disord (2009) 39:290-298
DOI 10.1007/s10803-008-0629-8

ORIGINAL PAPER

Extinction of Over-selected Stimuli Causes Emergence
of Under-selected Cues in Higher-functioning Children

with Autistic Spectrum Disorders

Phil Reed - Laura Broomfield - Louise McHugh -
Aisling McCausland + Geraldine Leader

Published online: 12 September 2008
© Springer Science+Business Media, LLC 2008

Abstract Two experiments examined whether over-
selectivity is the product of a post-acquisition performance
deficit, rather than an attention problem. In both experi-
ments, children with Autistic Spectrum Disorder were
presented with a trial-and-error discrimination task using
two, two-element stimuli and over-selected in both studies.
After behavioral control by the previously over-selected
stimulus was extinguished, behavioral control by the pre-
viously under-selected cue emerged without direct training.
However, this effect was only found in higher-functioning
children, and not with more severely impaired children.
These findings suggest that over-selectivity is not simply
due to a failure to attend to all of the stimuli presented.
They also suggest that extinction of over-selected stimuli
may be a fruitful line of intervention for clinical inter-
vention for some individuals.

Keywords Over-selectivity - Behavioral control -
Extinction - Comparator deficit - Attentional deficit

Introduction

‘Stimulus over-selectivity’ refers to the phenomenon
whereby control over behavior is exerted only by a limited
subset of the total number of stimuli present in the envi-
ronment (e.g., Lovaas et al. 1979; Schreibman 1997). Itis a
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widely acknowledged problem in individuals with Autistic
Spectrum Disorders (e.g., Allen and Fuqua 1985; Dube and
Mcllvane 1997; Dube and Mcllvane 1999; Huguenin1997;
Litrownik et al. 1978; Lovaas and Schreibman 1971;
Meisel 1981; Schneider and Salzberg 1982; Stromer et al.
1993; Wilhelm and Lovaas 1976). The phenomenon is also
observed in a many other populations, including individ-
uals with general learning disabilities (Dickson et al. 2006),
acquired neurological damage (Wayland and Taplin 1985),
and the elderly (McHugh and Reed 2007). Stimulus over-
selectivity has also been induced in rats who were trained
to respond to compound stimuli under trace learning con-
ditions (Gibson and Reed 2005), and in adults with no
learning disability under increased task demands (Reed
2006; Reed and Gibson 2005).

Stimulus over-selectivity can have a considerable neg-
ative impact on an individual’s functioning because it
presents a serious problem for information processing
in situations consisting of complex and multiple cues.
Lovaas et al. (1971) suggested that this type of restricted
responding could severely impair learning, and critically
interfere with language acquisition. Indeed, research dem-
onstrates that deficits in language and communication skills
could be caused, in part, by over-selectivity to either the
auditory or visual components of language (e.g., Birnie-
Selwyn and Guerin 1997; Koegel et al. 1979; Lovaas et al.
1971; Lovaas et al 1966). Similarly, understanding social
interactions involves attending to, and interpreting, a large
array of complex stimuli, such as body posture, lip
movements, facial expressions, voice intonation, etc.
Individuals with ASD invariably notice a very limited
number of these cues and, thus, may develop only limited
social skills (see Schreibman and Lovaas 1973). Research
has also suggested that stimulus over-selectivity can neg-
atively impact overall quality of life. For example, LeBlanc
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et al. (2005) reported that individuals with ASD exhibit a
limited ability to monitor external and internal cues
simultaneously, which may potentially lead to problems
such as incontinence.

Several theories of stimulus over-selectivity have been
proposed, and many of these theories focus on deficits in
attention (e.g., Dube and Mcllvane 1999; Dube et al. 1999).
Such theories suggest that over-selectivity is the result of a
failure to attend to all the parts of a complex stimulus when
it is first presented. If an individual attends to only a limited
number of elements of a compound stimulus, only these
elements, and not all elements, will acquire control over
behavior. In support of such a suggestion, analysis of eye
movements in children with learning disabilities, who also
exhibit stimulus over-selectivity, reveal that these children
do not scan all the stimuli present (Dube et al. 1999).
Similar findings have been reported for populations with
ASD (see Anderson et al. 2006; Van der Geest et al. 2002).
However, it should be noted the literature has yielded some
inconsistent results (cf. Kemner and Van Engeland 2006),
and that analysis of eye movements is only imperfectly
correlated with attention (Remington 1980).

In fact, there are numerous other possible theories that may
explain stimulus over-selectivity. The term ‘comparator’
refers to the comparison between potentially relevant stim-
uli at the time of performance (not at the time of learning),
which selects the most appropriate stimulus for the individual
to act upon (see Miller and Matzel 1988). A comparator
theory of over-selectivity might suggest that learning about
the elements of a compound stimulus is not differentially
impaired in those with ASD, but that individuals with ASD
have a comparator which is over-sensitive to slight differ-
ences in the importance of stimuli that have previously been
learned about as predicting outcomes in particular contexts.
As a consequence, at the time of test, when selection con-
cerning which stimulus to respond to is made, behavior is
much more likely to be controlled by only some of these
elements, which are selected due to their apparent superiority
to the other stimuli. With a less sensitive comparator, many
more stimuli may be judged to be of ‘similar’ importance, and
less over-selectivity would be noted.

The comparator theory of stimulus over-selectivity in
ASD makes a unique prediction that is not inherent in other
theories, in that it suggests that post-learning manipulations
(i.e. extinction) of the previously over-selected cue should
influence (enhance) subsequent control exerted by the
under-selected cue, and, thus, aid more adaptive perfor-
mance. If this is the case, it follows that the previously
under-selected cue must have been attended to, and pro-
cessed, initially, but that it did not come to acquire control
over responding at a later point in time.

Research from the animal conditioning literature sup-
ports the notion that cues which do not appear to control

behavior subsequently can demonstrate behavioral control
if the cues that are controlling behavior are extinguished
(e.g., Kaufman and Bolles 1981; Matzel et al. 1985; Reed
and Reilly 1990; Reilly et al. 1996; Willkie and Masson
1976). For example, Kaufman and Bolles (1981) trained
rats in a conditioned fear paradigm. Their results showed
that the rats displayed negligible arousal to a noise stimulus
when it was presented in conjunction with a light prior to
an electric shock. Instead, significant levels of fear were
noted to the light stimulus. However, after the light was
extinguished, fear of the noise was revealed without further
training. This finding suggests that although the rats had
learned about the noise during training, it had not come to
control behavior. This finding is especially noteworthy
given the recent suggestion that such procedures can be
used to model over-selectivity (Gibson and Reed 2005).

Similar post-acquisition emergence effects have been
noted in a population of typically developing adults
(Broomfield et al. 2008a). Individuals were presented with a
match-to-sample task using two, three-element stimuli, and
were trained to criterion. Subsequent investigation revealed
that, under conditions of increased cognitive load, one of
the three stimulus elements exerted greater stimulus control
than the others (see also Reed and Gibson 2005). After
extinction of this element, the remaining elements demon-
strated elevated control over matching performance in the
absence of any further training. However, although this
post-acquisition emergence effect supports a comparator
view of over-selectivity, such an effect has not been dem-
onstrated in a sample with ASD. Additionally, neither has it
been established whether such an effect would emerge with
individuals with ASD who had both milder and more severe
impairments. The investigation of such a basic effect, and
its generality, is the aim of the current report.

Experiment 1

Experiment 1 aimed to explore whether over-selectivity
could be found in a population with ASD using a simple
discrimination task. This finding has been noted previously
(see Koegel and Wilhelm 1973), but it was thought
important to replicate the effect as there are few demon-
strations of this effect in populations with ASD using such
a procedure. The second aim was to extend the findings
noted by Broomfield et al. (2008a), which demonstrated
that previously under-selected stimuli can come to control
behavior, when previously over-selected cues are extin-
guished. This would show that the results reported by
Broomfield et al. (2008a), regarding extinction, could be
generalized to a population with ASD. Should such a
pattern of results be noted, it would suggest that over-
selectivity is not simply the product of a deficit with initial
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attention (Lovaas et al. 1971), but could reflect a post-
conditioning influence over behavior, such as suggested by
a comparator theory (Miller and Matzel 1988).

Method
FParticipants

Fourteen participants with ASD participated in this study
(12 males and 2 females). The participants were aged
between 7 and 15 years, and were randomly assigned to
either the experimental group (mean age = 9.1, SD = 2.9),
or the control group (mean age = 9.9, SD = 2.4). All the
participants had a diagnosis of autistic disorder (DSM-IV),
which was made by a specialist pediatrician following
referral from a general practitioner, both of whom were
independent from this study. All participants had high
functioning ASD, and all had the use of communicative
speech, however, three of the children displayed echolalia.
The mental age scores of the participants on the British
Picture Vocabulary Scale ranged from 3.1 to 14.0 for the
experimental group (mean = 8.1, SD =4.0), and from 5.1 to
15.0 for the control group (mean = 8.5, SD = 3.9). These
BPVS scores would give an approximate I1Q of 88 for the
experimental group, and 86 for the control group.

Apparatus and Materials

The British Picture Vocabulary Scale (Dunn et al. 1982)
was administered prior to testing in order to attain a mea-
sure of the children’s mental age. This test is standardized
for use on children in the UK between 3 and 17 years old. It
has an internal reliability of 0.93, and correlates at 0.59
with the Reynell Comprehension Scale (Dunn et al. 1997).
This method of assessment does not require the child to
speak, write, or read, but, like the Peabody Picture
Vocabulary Scale, from which it is derived, the child
simply points to the picture cards as requested.

Stimulus cards measuring 15 cm by 10 cm were also
employed. The picture stimuli that were used as the ele-
ments in the experiment were: ‘a hand’, ‘a cup and saucer’,
‘abed’, and ‘a butterfly’. Four additional cards, of the same
size, depicted one of the elements of the compound stim-
ulus, and four other cards contained novel stimuli. The
novel stimuli pictures were: ‘a bus’, ‘a packet of crayons’,
‘a sock’, and ‘a cat’.

Procedure
The experiment was conducted in a quiet class room free

from distraction in the child’s school. A classroom assistant
familiar with the child was also present during testing.
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Training Phase

In this phase, the participants were either rewarded for
picking the ‘hand and teacup’ over the ‘bed and butterfly’,
or for selecting the ‘bed and butterfly’ over the ‘hand and
teacup’. The rewarded stimuli were counterbalanced across
participants to avoid any of the results being the product of
some stimuli being intrinsically more salient than others.
The stimuli were presented to the children, with a verbal
instruction to pick a card. Verbal feedback in the form of
the spoken word “yes” signaled to participants that they
had responded appropriately (i.e., had pointed to the correct
card). The positions of the cards were randomized, in that
50% of the time the correct card was presented on the left,
and 50% of the time it was presented on the right. During
the training phase, the reinforced compound ‘AB’ was
always paired with the non-reinforced compound ‘CD’.
Participants were said to have acquired the training dis-
crimination once they had responded correctly 10 times.

Test Phase

During the test phase of the experiment, participants were
presented with two cards simultaneously, each one com-
prising of just one picture from the compound stimulus.
The pictures were paired so that the participants had a
choice of reinforced stimuli or non reinforced stimuli, so
either stimulus ‘A’ or stimulus ‘B’ from the previously
reinforced stimulus were paired with either stimulus ‘C’ or
stimulus ‘D’ from the previously non-reinforced com-
pound. There were five trials for each combination of
previously positively reinforced and negatively reinforced
components (i.e., ‘A vs.C’, ‘Avs.D’, ‘Bvs. C’, ‘Bvs.D’).
Altogether, there were 20 trials involving the components
of the compound stimuli. No feedback was provided during
test trials.

Extinction Phase

The card that was selected the most in the testing phase
(i.e., the over-selected stimulus) was determined (i.e., ‘A’
or ‘B’). During the extinction phase, for participants in the
experimental group, further training trials were conducted
involving the over-selected stimulus, and a previously
unseen novel stimulus. The over-selected stimulus was
paired with one of four novel stimuli. The over-selected
stimulus was placed down simultaneously with the novel
stimuli. Participants were rewarded for choosing the novel
stimulus, and not the over-selected stimulus. This contin-
ued until the participants choose the novel stimuli 10 times
consecutively. For the participants in the control group, the
over-selected card was not determined. During this phase
of the study, these participants were shown the novel
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during training to choose the ‘positive’ card 10 times
consecutively, while the experimental group took 15.1
(£8.9) trials to reach criterion. This difference was not
statistically significant, p > 0.05.

During the first test, the percentage of times that each
element from the positive compound was chosen when
presented along with an element from the negative com-
pound was calculated. When comparing the most and least
chosen stimuli from the reinforced card, there was a large
difference between the most and least selected stimulus for
both groups, with no discernable difference between the
two groups. The participants that were to become the
experimental group had a mean percentage for the most-
selected stimuli of 75.7 (£20.7), and a mean for the least-
selected stimuli of 47.1 (£27.5). The participants that went
on to be the control group had a mean score of the most
selected stimuli of 75.7 (£23.7), and a mean score of 61.4
(£26.7) for the least-selected stimuli.

A two-way, mixed-model analysis of variance
(ANOVA), with stimulus type (most versus least) as a
within-subjects factor, and group (experimental versus
control) as the between-subject factor, revealed that stim-
ulus type was statistically significant, F(1,12) = 10.43,
p < 0.01, but neither the main effect of group, nor the
interaction of the two factors, were statistically significant,
Fs < 1. Thus, the participants showed a significant degree
of over-selectivity, which replicates previous demonstra-
tions of stimulus over-selectivity in children with ASD
(Koegel and Wilhelm 1973; Dickson et al. 2006).

Figure 1 displays the mean difference between the pre-
and post-extinction scores for the most-selected and least-
selected stimuli in both groups. In the experimental group,
the previously over-selected, and now extinguished, stim-
ulus was chosen less, and the previously under-selected
stimulus was chosen more, in the retest phase than in the
initial test phase. This was not the case in the control group.
A two-way, mixed-model ANOVA (stimulus type and
group) showed that the main effect of stimulus type was
not statistically significant, p > 0.05, nor was the main
effect of group, F < 1. However, the interaction between
group and stimulus type was statistically significant,

Fig. 1 Results from Experiment 1. Mean difference in pre- and post-
extinction scores for the most and least chosen stimuli for the
experimental group (most-selected stimulus extinguished), and con-
trol group (no extinction)

F(1,12) = 4.65, p < 0.05. Simple effect analyses revealed a
statistically significant difference between the most and
least stimuli for the experimental group, F(1,12) = 8.99, p
< 0.05. For the control group, the difference between the
most and least selected stimuli was not significant, F < 1.
The emergence of the previously under-selected stimulus,
in the experimental group, when tested against zero, was
statistically significant, #(6) = 4.26, p < 0.005, but for the
control group the emergence effect was not significantly
different from zero, ¢t < 1.

Thus, the main novel finding to emerge from Experiment
1 was that behavioral control exerted by previously under-
selected stimuli emerged after extinction of the previously
over-selected stimuli in a population with ASD. Following
the extinction phase for the experimental group, behavioral
control exerted by the under-selected cue was noted to
emerge. In the control group, there was no emergence of
control by the under-selected stimulus. These results show
that the removal of control by the more salient cue can
facilitate an initially less powerful stimulus element to con-
trol behavior. This finding mirrors those noted in a non-
clinical population (Broomfield et al. 2008a), the animal
literature (e.g., Kaufman and Bolles 1981), and also from the
human retrospective revaluation literature (e.g., Dickinson
and Burke 1996). Such results suggest that under-selected
cues do not fail to control behavior because they are not
learnt about during training. If the deficit were purely
attentional, then there would be no emergence of behavioral
control. Thus, over-selectivity cannot simply be attributed to
an inability to attend to more than one stimulus.

Experiment 2

Experiment 1 extended the findings reported by Broomfield
et al. (2008a); that is, previously under-selected cues come
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to control behavior when previously over-selected cues are
extinguished. However, Experiment 1 used a clinically
relevant population, whereas previous demonstrations of
this type of effect have been with typically developing
individuals (Broomfield et al. 2008a; Dickinson and Burke
1996). The aim of the second experiment was to further
explore this effect in an ASD population. In particular, it
aimed to explore whether this finding could be obtained
using both children with ASD who were higher func-
tioning (as in Experiment 1), and those who were lower
functioning.

In fact, there is reason to be cautious about assuming
that the current post-conditioning procedure will be uni-
versally effective in restoring control by the previously
under-selected stimuli. For example, McHugh and Reed
(2007) noted that with a very elderly, non-clinical, popu-
lation there was no emergence following extinction of an
over-selected cue, whereas, emergence did occur for
younger and more cognitively high-functioning group.
Reed (2006) suggested that while performance or memory
factors may well be important, there were also suggestions
that attentional aspects may play a role in over-selectivity,
and it may be that lower functioning individuals would
have deficits that would encompass both types of problem.

If it were the case that individuals with ASD who were
relatively higher functioning display over-selectivity due to
a performance deficit, then they should replicate the
extinction-induced post-conditioning recovery in behav-
ioral control exerted by the previously under-selected
stimulus shown in Experiment 1. However, if lower func-
tioning individuals display an initial pre-conditioning
attentional deficit, then such an extinction-induced recov-
ery would not be seen (there being no suppressed learning
about the under-selected stimulus to reveal by extinction of
the over-selected stimulus).

Method
Participants

Eighteen participants with ASD participated in this study.
All the participants had a diagnosis of an ASD (autistic
disorder, DSM-1V), which was made by a specialist pedi-
atrician following referral from a general practitioner, both
of whom were independent from this study. The study
employed a between-subjects design, with nine participants
(all male) in the higher functioning ASD group, and nine
participants (nine male and one female) in the lower
functioning ASD group.

The mean chronological age for the higher functioning
group was 11 years (range 9-13). The mean BPVS score
for the children in the high functioning group was 8.5
(£2.19, IQ = 77). All participants had very similar
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characteristics to those described in Experiment 1. The
mean chronological age for the lower functioning group
was 11 years (range 7-17). The mean BPVS score for the
children in the lower functioning group was 3.3 (1.4, 1Q
=29). Generally, the children in this group had moderate to
severe autistic symptoms, and displayed problems attend-
ing to environmental and social cues. The majority of the
children had not formed any friendships with other children
in the school, and did not imitate other children at play. All
of the children had some speech, but one child used at least
15 but fewer than 30 spontaneous phrases daily to com-
municate. Four children used five or less words per day to
spontaneously communicate wants or needs.

Apparatus and Procedure

The materials used, and the procedure of the study, were an
exact replication of Experiment 1. All of the participants
were presented with the training, testing, extinction, and re-
testing phases described in Experiment 1.

Results and Discussion

The participants in the higher functioning group took an
average of 19.7 (£12.7) trials during training to choose the
positive card 10 times consecutively. The lower function-
ing group took 25.8 (£13.8) trials to reach criterion.
Although, as might be expected, there was numerically
more training needed to reach criterion for the lower
functioning group, there was no statistically significant
difference between these scores, t < 1.

During the first test, when comparing the most and least
chosen stimuli from the reinforced card, there was a large
difference between the most and least selected stimulus for
both groups, there were few differences between the two
groups. The higher functioning group had a mean per-
centage chosen score for the most-selected stimuli of 76.7
(£15.7), and a mean for the least-selected stimuli of 57.8
(£17.3). The lower functioning group had a mean score of
the most selected stimuli of 78.1 (£12.1), and a mean score
of 41.7 (£20.8) for the least-selected stimuli. A two-way,
mixed-model ANOVA (stimulus type and group), revealed
that stimulus type was statistically significant, F(1,16) =
18.72, p < 0.01, but neither the main effect of group, nor
the interaction of the two factors, were statistically sig-
nificant, F's < 1. Thus, all participants showed a significant
degree of over-selectivity, irrespective of their ASD
severity. This corroborates and extends the findings from
Experiment 1, as well as replicating previous demonstra-
tions of stimulus over-selectivity in children with ASD
(Koegel and Wilhelm 1973; Dickson et al. 2006).

It may also be worthy of note that the current findings
suggest that intellectual functioning in itself is not strongly
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predictive of the emergence of over-selectivity, as the two
groups were not reliably different in the degree of over-
selectivity that they exhibited. In this finding the current
report supports those of Frankel et al. (1984) who found no
correlation between IQ and over-selectivity. However,
caution must be attached to any such conclusion, especially
given that there was a numeric difference toward greater
over-selectivity in the lower functioning group, which may
have revealed statistical significance with a greater sample
size (see Schover and Newsom 1976; Wilhelm and Lovaas
1976).

The mean percentage change from the test to the retest
phase was calculated for both groups by taking the test
score from the retest score, and these difference scores are
shown in Fig. 2. Inspection of Fig. 2 shows that, for the
higher functioning group, the most chosen stimulus was
chosen less in the retest phase than in the test phase, and
there was an increase in the control exerted by the previ-
ously under-selected stimulus. In contrast, for the lower
functioning group, while there was a reduction in the
control exerted by the previously over-selected, and now
extinguished, stimulus, there was no corresponding
increase in control exerted by the previously under-selected
stimulus.

A two-factor, mixed-model ANOVA (stimulus type x
group) revealed that stimulus type was statistically signif-
icant, F(1,16) = 26.06, p < 0.0001. Group was not
statistically significant, p > 0.05, and that there was a
statistically significant interaction between the factors,
F(1,16) = 3.99, p < 0.05. Simple effect analyses revealed a
statistically significant difference between the most and
least stimuli for both groups, smallest F(1,16) = 7.37,
p < 0.05. The emergence of the previously under-selected
stimulus, in the higher functioning group, when tested
against zero, was statistically significant, #8) = 7.26,

30
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Low Functioning

-20
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-40 4

-50 - OMost [l Least

-60 -

% change pre and post extinction

Fig. 2 Results from Experiment 2. Mean difference in pre- and post-
extinction scores for the most and least chosen stimuli for the high
functioning group, and low functioning group

p < 0.005, but for the lower functioning group the emer-
gence effect was not significantly different from zero, t < 1.

These data corroborate, on the one hand, that extinction
of a previously over-selected stimulus will lead, not only to
a reduction in the behavioral control exerted by that
stimulus, but also to a subsequent emergence of behavioral
control by a previously under-selected stimulus. This
emergence of behavioral control occurred in the absence of
direct training for the under-selected stimulus, and supports
previous demonstrations of such effects (Dickinson and
Burke 1996; present Experiment 1). These findings support
a comparator view of these effects, rather than a purely
attentional-deficit view (e.g., Dube and Mcllvane 1999).
On the other hand, these results also suggest a limitation to
the generality of this finding, in that no such emergence of
behavioral control was noted in a lower functioning ASD
sample. This was despite the extinction effect being at least
as pronounced in this lower functioning group as in the
higher functioning group. Although such a finding
regarding the limitations of this generalization will require
corroboration, it would appear to have some face validity.
The greater the degree of severity of impairment, the less
likely initial learning about all cues will be to occur.
Consequently, even if the over-selected stimulus were
extinguished, there would be no learning about the previ-
ously under-selected stimulus to emerge. That many
attentional-deficit findings have been noted using children
with learning disabilities, rather than children with ASD,
especially for eye-tracking deficits (e.g., Dube et al. 1999;
Dube and Mcllvane 1999) would tend to support this
conclusion.

General Discussion

The present experiments demonstrated that there was a
significant degree of over-selectivity found in populations
with ASD, using the current simple discrimination task.
This finding replicates those reported by Koegel and Wil-
helm (1973), and by Dickson et al. (2006), and they also
validate earlier results from model populations (Gibson and
Reed 2005; Reed and Gibson 2005). The results from
Experiment 1 reinforce those reported by Broomfield et al.
(2008a), that, under some conditions, post-learning
manipulation of one stimulus can impact on the behavioral
control exerted by the other stimulus in a compound.
However, the current findings from Experiment 2 also
suggest that some caution is warranted in the use of
extinction with individuals who are severely impaired.

In terms of their theoretical relevance, these results
suggest that over-selectivity may be the result of a per-
formance deficit, or retrieval failure, rather than an
acquisition failure, or attention deficit. As the previously
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under-selected cues came to control behavior after the
extinction of the previously over-selected cues, it would
suggest that higher-functioning children with ASD do not
over-select merely because they do not attend to all the
stimuli present (Lovaas et al. 1971). In fact, the current
results for high-functioning children with ASD support the
work of both Plaisted et al. (1998), who found that children
with ASD performed better at visual search tasks that
required them to switch their attention, and Pascualvaca
et al. (1998), who found that participants with ASD per-
formed as well as control participants on a computer task
that required successive comparisons. That the current
finding is limited to children with ASD who were higher
functioning, and not those who were lower functioning,
may also explain the apparent discrepancies in the existing
literature on attention, in that different samples may well
display different patterns of attention-switching deficit (cf.
Treisman 1969).

At least for higher-functioning children with ASD, the
current findings suggest that cues initially exerting little
stimulus control can subsequently come to control behavior
with no further training than the removal of control from
other cues. This replicates the findings from the animal
literature (Kaufman and Bolles 1981), and the human
conditioning literature (Dickinson and Burke 1996). These
results could be explained in conjunction with the com-
parator hypothesis (Miller and Matzel 1988).

The procedure used for decreasing control by the pre-
viously over-selected stimulus has potential utility for
remediating the negative effects of stimulus over-selec-
tivity in individuals with ASD. In fact, this procedure
(technically a differential reinforcement of alternative
behavior schedule) represents a very simple technique for
potentially increasing the number of cues that control the
behavior of children with ASD. Traditionally, approaches
to remediating over-selectivity have focused on adminis-
tration of an observing response procedure (e.g.,
Constantine and Sidman 1975; Dube and Mcllvane 1999;
Stromer et al. 1993). The observing response procedure
represents an intervention whereby the participant is
brought in contact with all elements of the compound
stimuli at the outset of training. It is, thus, assumed that the
participant has attended completely to the compound
stimulus, and over-selectivity of any one element at the
expense of the others is reduced. Observing response pro-
cedures have been shown to reduce the effects of stimulus
over-selectivity (e.g., Dube and Mcllvane 1999), but the
evidence suggests that the intervention effects are lost post-
treatment (Broomfield et al. 2008b; Dube and Mcllvane
1999). Thus, although there is evidence that the observing
response procedure can reduce over-selectivity (e.g.,
Constantine and Sidman 1975; Stromer et al. 1993), this
procedure may not promote long-term effects (see Dube
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and Mcllvane 1999). Rather, the procedural benefits of an
observing response intervention appear to be confined to
the period of application of the intervention (Broomfield
et al. 2008b). In contrast, the extinction procedure adopted
by Broomfield et al. (2008a) would, be definition, offer a
post-intervention benefit to the participants. Some caution
may be needed, however, and certainly clinical studies are
required. In the current study, the procedure resulted in the
participants not selecting for the previously preferred
stimulus card in favor of selecting for the previously less
preferred stimulus card. This may be of benefit in some
clinical circumstances, but not all. For example, if this is
extrapolated to a stimulus array such as letters in words, or
a countenance on the face of a social partner, it may mean
that part of the information from the stimulus array (i.e.,
that which was extinguished) could be lost, and one might
be substituting one over-selected stimulus, or set of stimuli,
for another.

It may be worth noting in this context, that another
procedure has been used to reduce over-selectivity in
children with ASD, which involves the training of suc-
cessive conditional discriminations (e.g., Koegel and
Schreibman 1977; Schreibman et al. 1982). This procedure
has been shown to reduce over-selectivity and, importantly,
to directly impact learning situations wherein these chil-
dren’s over-selectivity has been reduced and, thus, allow
for learning stimulus compounds the children previously
had failed to learn.

However, both the theoretical and the practical impli-
cations of these findings need to be treated, at this point,
with caution. The results reported in Experiment 2 for the
lower functioning children were at odds with those repor-
ted in Experiments 1 and 2 for the higher-functioning
children. Lower functioning children in Experiment 2 did
not show this extinction-induced emergence effect. It is
possible that the low-functioning participants in Experi-
ment 2 had deficits in attention, as well as those concerning
the function of the comparator system. Where learning
problems may be an issue (such as for those with learning
disabilities, as reflected by a low IQ score), this mechanism
may be pronounced (see also McHugh and Reed 2007).
Moreover, it is possible, as Treisman (1969) suggested that
the deficit could be in switching attention for these par-
ticipants. These findings suggest that extinction may be a
useful tool in combating over-selectivity, but only in higher
functioning people with ASD. Moreover, that the effect is
not witnessed in lower functioning individuals may limit its
generality as a potential clinical intervention.

In summary, the findings of the current report reinforce
those of Broomfield et al. (2008a,b) showing that, when
behavioral control by previously over-selected cues is
removed, previously under-selected cues come to control
behavior. This shows that extinction can be used in shifting
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behavioral control. However, this effect was only found to
be significant in a higher functioning population. It is
possible that lower functioning people autism do have
problems attending to compound cues and this would need
to be considered when thinking about the design of
behavioral interventions.

Acknowledgments We would like to acknowledge the kind par-
ticipation of the children and their parents in this research, and we
thank them very much for their time. Thanks are due to the schools
who participated. Thanks are due to Lisa A. Osborne for her support.
This research was funded in part by a grant from the Disabilities Trust
to the first author.

References

Allen, K. D., & Fuqua, R. W. (1985). Eliminating selective stimulus
control: A comparison of two procedures for teaching mentally
retarded children to respond to compound stimuli. Journal of
Experimental Child Psychology, 39, 55-71. doi:10.1016/0022-
0965(85)90029-3.

Anderson, C. J., Colombo, J., & Shaddy, J. (2006). Visual scanning
and pupillary responses in young children with autistic spectrum
disorder. Journal of Clinical and Experimental Neuropsychol-
ogy, 28, 1238-1256. doi:10.1080/13803390500376790.

Birnie-Selwyn, B., & Guerin, B. (1997). Teaching children to spell:
Decreasing consonant cluster errors by eliminating selective
stimulus control. Journal of Applied Behavior Analysis, 30,
69-91. doi:10.1901/jaba.1997.30-69.

Broomfield, L., McHugh, L., & Reed, P. (2008a). Re-emergence of
under-selected stimuli, after the extinction of over-selected
stimuli in an automated match to samples procedure. Research in
Developmental Disabilities.

Broomfield, L., McHugh, L., & Reed, P. (2008b). The effect of
observing response procedures on the reduction of over-selec-
tivity in a match to sample task: Immediate but not long term
benefits. Research in Developmental Disabilities, 29, 217-234.

Constantine, B., & Sidman, M. (1975). Role of naming in delayed
matching-to-sample. American Journal of Mental Deficiency, 79,
680-689.

Dickinson, A., & Burke, J. (1996). Within compound associations
mediate the retrospective revaluation of causality judgements.
Quarterly Journal of Experimental Psychology, 49, 60-80.

Dickson, C. A., Wang, S. S., Lombard, K. M., & Dube, W. V. (2006).
Over selective stimulus control in residential school students
with intellectual disabilities. Research in Developmental Dis-
abilities, 27, 618-631. doi:10.1016/j.ridd.2005.07.004.

Dunn, L. M., Dunn, L. M., Whetton, C., & Burley, J. (1997). The
British Picture Vocabulary Scale (2nd ed.). London: NFER-
Nelson.

Dunn, L. M., Dunn, L. M., Whetton, C., & Pintilie, D. (1982). British
Picture Vocabulary Scale. Windsor, Berks: NFER Nelson.
Dube, W. V., Lombard, K. M., Farren, K. M., Flusser, D., Balsamo, L.
M., & Fowler, T. R. (1999). Eye tracking assessment of stimulus
over selectivity in individuals with mental retardation. Experi-

mental Analysis of Human Behavior Bulletin, 13, 267-271.

Dube, W. V., & Mcllvane, W. J. (1997). Reinforcer frequency and
restricted stimulus control. Journal of the Experimental Analysis
of Behavior, 68, 303-316. doi:10.1901/jeab.1997.68-303.

Dube, W. V., & Mcllvane, W. J. (1999). Reduction of stimulus over
selectivity with nonverbal differential observing responses.
Journal of Applied Behavior Analysis, 32, 25-33. doi:
10.1901/jaba.1999.32-25.

Frankel, F., Simmons, J. Q., Fichter, M., & Freeman, B. J. (1984).
Stimulus overselectivity in autistic and mentally retarded children-
a research note. Journal of Child Psychology and Psychiatry, 25,
147-155. doi:10.1111/j.1469-7610.1984.tb01727 .x.

Gibson, E., & Reed, P. (2005). Stimulus over-selectivity in rats.
Journal of Autism and Developmental Disorders, 35, 851-859.
doi:10.1007/s10803-005-0030-9.

Huguenin, N. H. (1997). Employing computer technology to assess
visual attention in young children and adolescents with severe
mental retardation. Journal of Experimental Child Psychology,
65, 141-170. doi:10.1006/jecp. 1996.2357.

Kaufman, M. A., & Bolles, R. C. (1981). A non associative aspect of
overshadowing. Bulletin of the Psychonomic Society, 18,318-320.

Koegel, R. L., & Schreibman, L. (1977). Teaching autistic children to
respond to simultaneous multiple cues. Journal of Experimental
Child Psychology, 24, 299-311. doi:10.1016/0022-0965(77)
90008-X.

Koegel, R. L., Schreibman, L., Britten, K., & Laitinen, R. (1979). The
effects of schedule of reinforcement on stimulus overselectivity
in autistic children. Journal of Autism and Developmental
Disorders, 9, 383-397. doi:10.1007/BF01531446.

Koegel, R. L., & Wilhelm, H. (1973). Selective responding to
multiple cues by autistic children. Journal of Experimental Child
Psychology, 15, 442-453. doi:10.1016/0022-0965(73)90094-5.

Kemner, C., & Van Engeland, H. (2006). ERPs and eye movements
reflect atypical visual perception in pervasive developmental
disorder. Journal of Autism and Developmental Disorders, 36,
45-54. doi:10.1007/s10803-005-0041-6.

LeBlanc, L. A., Carr, J. E., Crossett, S. E., Bennett, C. M., &
Detweiler, D. M. (2005). Intensive outpatient behavioral treat-
ment of primary urine incontinence of children with autism.
Focus on Autism and Other Developmental Disabilities, 20, 98—
105. doi:10.1177/10883576050200020601.

Litrownik, A. J., Mclnnis, E. T., Wetzel-Pritchard, A. M., & Filipelli,
D. L. (1978). Restricted stimulus control and inferred attentional
deficits in autistic and retarded children. Journal of Abnormal
Psychology, 87, 554-562. doi:10.1037/0021-843X.87.5.554.

Lovaas, O. 1., Berberich, J. P., Perloff, B. F., & Schaeffer, B. (1966).
Acquisition of imitative speech in schizophrenic children.
Science, 151, 705-707. doi:10.1126/science.151.3711.705.

Lovaas, O. I., Koegel, R. L., & Schreibman, L. (1979). Stimulus
overselectivity in autism: A review of research. Psychological
Bulletin, 86, 1236-1253. doi:10.1037/0033-2909.86.6.1236.

Lovaas, O. L., & Schreibman, L. (1971). Stimulus over selectivity of
autistic children in a two stimulus situation. Behaviour Research
and Therapy, 9, 305-310. doi:10.1016/0005-7967(71)90042-8.

Lovaas, O. 1., Schreibman, L., Koegel, R., & Rehm, R. (1971).
Selective responding by autistic children to multiple sensory
inputs. Journal of Abnormal Psychology, 77, 211-222. doi:
10.1037/h0031015.

Matzel, L. D., Schachtman, T. R., & Miller, R. R. (1985). Recovery of
an overshadowed association achieved by extinction of the
overshadowing stimulus. Learning and Motivation, 16, 398—412.
doi:10.1016/0023-9690(85)90023-2.

McHugh, L., & Reed, P. (2007). Age trends in stimulus over-
selectivity. Journal of the Experimental Analysis of Behavior,
88, 369-380. doi:10.1901/jeab.2007.88-369.

Meisel, C. J. (1981). Stimulus over-selectivity by mentally retarded
adolescents: Effects of pre-training on cue identification. Amer-
ican Journal of Mental Deficiency, 86, 317-322.

Miller, R. R., & Matzel, L. D. (1988). The comparator hypothesis: A
response rule for the expression of associations. In G. H. Bower
(Ed.), The psychology of learning and motivation (Vol. 22, pp.
51-92). San Diego, CA: Academic Press.

Pascualvaca, D., Fantie, B., Papageorgiou, M., & Mirsky, A. (1998).
Attentional capacities in children with autism: Is there a general

@ Springer


http://dx.doi.org/10.1016/0022-0965(85)90029-3
http://dx.doi.org/10.1016/0022-0965(85)90029-3
http://dx.doi.org/10.1080/13803390500376790
http://dx.doi.org/10.1901/jaba.1997.30-69
http://dx.doi.org/10.1016/j.ridd.2005.07.004
http://dx.doi.org/10.1901/jeab.1997.68-303
http://dx.doi.org/10.1901/jaba.1999.32-25
http://dx.doi.org/10.1111/j.1469-7610.1984.tb01727.x
http://dx.doi.org/10.1007/s10803-005-0030-9
http://dx.doi.org/10.1006/jecp. 1996.2357
http://dx.doi.org/10.1016/0022-0965(77)90008-X
http://dx.doi.org/10.1016/0022-0965(77)90008-X
http://dx.doi.org/10.1007/BF01531446
http://dx.doi.org/10.1016/0022-0965(73)90094-5
http://dx.doi.org/10.1007/s10803-005-0041-6
http://dx.doi.org/10.1177/10883576050200020601
http://dx.doi.org/10.1037/0021-843X.87.5.554
http://dx.doi.org/10.1126/science.151.3711.705
http://dx.doi.org/10.1037/0033-2909.86.6.1236
http://dx.doi.org/10.1016/0005-7967(71)90042-8
http://dx.doi.org/10.1037/h0031015
http://dx.doi.org/10.1016/0023-9690(85)90023-2
http://dx.doi.org/10.1901/jeab.2007.88-369

298

J Autism Dev Disord (2009) 39:290-298

deficit in shifting focus? Journal of Autism and Developmental
Disorders, 28, 467-478. doi:10.1023/A:1026091809650.

Plaisted, K., O’Riordan, M., & Baron-Cohen, S. (1998). Enhanced
discrimination of novel, highly similar stimuli by adults with
autism during a perceptual learning task. Journal of Child
Psychology and Psychology, 39, 765-775. doi:10.1017/S0021
963098002601.

Reed, P. (2006). The effect of retention interval on stimulus over-
selectivity using a matching to sample procedure. Journal of
Autism and Developmental Disorders, 36, 1115-1121. doi:
10.1007/s10803-006-0148-4.

Reed, P., & Gibson, E. (2005). The effect of concurrent task load on
stimulus over selectivity. Journal of Autism and Developmental
Disorders, 35, 601-614. doi:10.1007/s10803-005-0004-y.

Reed, P, & Reilly, S. R. (1990). Context extinction following
conditioning with delayed reward enhances subsequent instru-
mental responding. Journal of Experimental Psychology Animal
Behavior Processes, 16, 48-55. doi:10.1037/0097-7403.16.1.48.

Reilly, S., Schachtman, T. R., & Reed, P. (1996). Signaled delay of
reinforcement: Effects of postconditioning manipulation of
context associative strength on instrumental performance. Learn-
ing and Motivation, 27, 451-463. doi:10.1006/Imot.1996.0026.

Remington, R. W. (1980). Attention and saccadic eye movement.
Journal of Experimental Human Perception and Performance, 6,
726-744. doi:10.1037/0096-1523.6.4.726.

Schneider, H. C., & Salzberg, C. L. (1982). Stimulus over-selectivity
in a match-to sample paradigm by severely retarded youth.
Analysis and Intervention in Developmental Disabilities, 2, 273—
304. doi:10.1016/0270-4684(82)90025-8.

Schover, L. R., & Newsom, C. D. (1976). Overselectivity, develop-
mental level, and overtraining in autistic and normal children.
Journal of Abnormal Child Psychology, 4, 289-298. doi:
10.1007/BF00917765.

@ Springer

Schreibman, L. (1997). Theoretical perspectives on behavioral inter-
vention for individuals with autism. In D. J. Cohen & F. R.
Volkmar (Eds.), Handbook of autism and pervasive developmen-
tal disorders (2nd ed., pp. 920-933). New York: Wiley.

Schreibman, L., Charlop, M. H., & Koegel, R. L. (1982). Teaching
autistic children to use extra-stimulus prompts. Journal of
Experimental Child Psychology, 33,475-491. doi:10.1016/0022-
0965(82)90060-1.

Schreibman, L., & Lovaas, O. 1. (1973). Over selective response to
social stimuli by autistic children. Journal of Abnormal Child
Psychology, 1, 152-168. doi:10.1007/BF00916110.

Stromer, R., Mcllvane, W. J., Dube, W. V., & Mackay, H. A. (1993).
Assessing control by elements of complex stimuli in delayed
matching to sample. Journal of the Experimental Analysis of
Behavior, 59, 83-102. doi:10.1901/jeab.1993.59-83.

Treisman, A. M. (1969). Strategies and models for selective attention.
Psychological Review, 76, 282-299. doi:10.1037/h0027242.
Van der Geest, J. N., Kemner, C., Camfferman, G., Verbaten, M. N.,
& Van Engeland, H. (2002). Looking at images with human
figures: Comparison between autistic and normal children.
Journal of Autism and Developmental Disorders, 32, 69-75. doi:

10.1023/A:1014832420206.

Wayland, S., & Taplin, J. E. (1985). Feature-processing deficits
following brain injury I. Over selectivity in recognition memory
for compound stimuli. Brain and Cognition, 4, 338-355. doi:
10.1016/0278-2626(85)90026-0.

Wilhelm, H., & Lovaas, O. I. (1976). Stimulus over selectivity: A
common feature in autism and mental retardation. American
Journal of Mental Deficiency, 81, 26-31.

Willkie, D. M., & Masson, M. E. (1976). Attention in the pigeon: A
re-evaluation. Journal of the Experimental Analysis of Behavior,
26, 207-212. doi:10.1901/jeab.1976.26-207.


http://dx.doi.org/10.1023/A:1026091809650
http://dx.doi.org/10.1017/S0021963098002601
http://dx.doi.org/10.1017/S0021963098002601
http://dx.doi.org/10.1007/s10803-006-0148-4
http://dx.doi.org/10.1007/s10803-005-0004-y
http://dx.doi.org/10.1037/0097-7403.16.1.48
http://dx.doi.org/10.1006/lmot.1996.0026
http://dx.doi.org/10.1037/0096-1523.6.4.726
http://dx.doi.org/10.1016/0270-4684(82)90025-8
http://dx.doi.org/10.1007/BF00917765
http://dx.doi.org/10.1016/0022-0965(82)90060-1
http://dx.doi.org/10.1016/0022-0965(82)90060-1
http://dx.doi.org/10.1007/BF00916110
http://dx.doi.org/10.1901/jeab.1993.59-83
http://dx.doi.org/10.1037/h0027242
http://dx.doi.org/10.1023/A:1014832420206
http://dx.doi.org/10.1016/0278-2626(85)90026-0
http://dx.doi.org/10.1901/jeab.1976.26-207

	Extinction of Over-selected Stimuli Causes Emergence �of Under-selected Cues in Higher-functioning Children �with Autistic Spectrum Disorders
	Abstract
	Introduction
	Experiment 1
	Method
	Participants
	Apparatus and Materials
	Procedure
	Training Phase
	Test Phase
	Extinction Phase
	Retesting Phase

	Results and Discussion

	Experiment 2
	Method
	Participants
	Apparatus and Procedure

	Results and Discussion

	General Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


