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The effect of semantic and emotional context on
written recall for verbal language in high
functioning adults with autism spectrum disorder

D Q Beversdorf, ] M Anderson, S E Manning, S L. Anderson, R E Nordgren,
G ] Felopulos, S E Nadeau, K M Heilman, M L. Bauman

Abstract

Objective—Several deficits have been pro-
posed to account for cognitive impairment
in autism including an inability to compre-
hend the perspectives of others (“theory of
mind”), an inability to process emotional
information, and difficulty drawing to-
gether diverse information in context
(“central coherence”). Because context
(central coherence) and emotion can influ-
ence memory, a study was designed to show
if autism spectrum disorder was associated
with impaired utilisation of context and
emotion in recall; and if impairments in
theory of mind processing would influence
recall in autism spectrum disorder.
Methods—Ten high functioning subjects
with autism spectrum disorder and 13 age
and IQ matched controls were tested
using recall tests. In the first coherence
memory test, subjects listened to a series
of word lists that were in varying degrees
of syntactic and semantic (coherent)
order and were asked to recall the words.
In the second coherence memory test,
subjects listened to stories consisting of
sentences that were, or were not, in logical
(coherent) order. In the emotional me-
mory test, the subjects listened to sen-
tences that were highly emotional or non-
emotional. In the theory of mind test, the
subjects listened to stories requiring vary-
ing levels of understanding of the perspec-
tives of others.

Results—There were no significant differ-
ences between groups in recall of coherent
versus incoherent word lists, nor was
there a significant difference between
groups in recall of coherent versus inco-
herent stories. However, the control sub-
jects recalled more of the emotional than
non-emotional sentences, whereas the au-
tism spectrum disorder group did not
show such a difference. No significant dif-
ference existed in recall of stories requir-
ing varying levels of understanding of the
perspectives of others among subjects
with autism spectrum disorder, and sub-
jects with autism spectrum disorder did
not differ from control subjects in the
influence of theory of mind content on
story recall.

Conclusion—The study shows that mem-
ory in high functioning adults with autism
spectrum disorder is facilitated by emo-
tional content to a lesser degree than it is

facilitated by coherence. Therefore, im-
pairments in emotional processing cannot
be considered as simply an effect of the
“weak central coherence” theory in autism
spectrum disorder. Whereas the reasons
for this emotional deficit are unknown, evi-
dence of abnormalities of the limbic struc-
tures in autism spectrum disorder may
provide an anatomical explanation.

(¥ Neurol Neurosurg Psychiatry 1998;65:685-692)
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Autism is defined in the DSM-IV as a
behavioural disorder with impairments in
socialisation, communication, and imagination
with stereotyped repetitive interests.' Since the
original description by Kanner,” efforts have
been undertaken to define the primary psycho-
logical deficit in autism. Theories that have
been proposed to account for the cognitive
impairment in autism include an inability to
comprehend the perspectives of others
(“theory of mind”), an inability to utilise con-
text in understanding the environment (“cen-
tral coherence”), an inability to process emo-
tional information, and impaired executive
function.

Theory of mind deficits have been tradition-
ally tested by using tokens and diagrams to act
out simple stories as they are narrated, follow-
ing which the subject is asked for an interpret-
ation.” For example: “Sally and Anne are
together in a room. Sally puts a marble in her
basket and then leaves the room. Anne takes
the marble out of the basket and puts it into her
own box. She leaves. Sally comes back. Where
will she look for the marble?” The correct
answer would be “in the basket.” A subject with
a theory of mind deficit would not understand
Sally’s perspective (she didn’t know the marble
was moved) and would say she would look in
the box (where the marble actually is at the
end).

In the study of Baron-Cohen ez al, autistic
children answered correctly 20% of the time,
whereas younger normal children and children
with Down’s syndrome who have a lesser IQ
answered correctly 85% of the time.” Among
those autistic children who were able to
respond correctly to the theory of mind task
(Sally thinks that the marble is in her basket),
most failed at a “second order theory of mind
task”.* For example: If the scenario were to
show that John thinks that Sally thinks that the
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marble is in her basket, then autistic children
would not understand John’s belief of Sally’s
belief of the marble’s location. One study
showed that those with Asperger syndrome (a
disorder closely related to autism but with pre-
served language) are also impaired on second
order theory of mind tasks,’ but this is not a
universal finding.® ’

Hobson® ? and Fotheringham'® argue that the
neuropsychological deficits detected in autistic
patients in other domains (such as impairment
in “theory of mind”) are secondary to an
inability to process emotional information.
Thus, in the absence of adequate perception of
emotional relatedness autistic patients are
unable to develop an understanding of the per-
spectives of others.

Frith and Happé" and Happé'? suggest that
the neuropsychological defects found in autism
result from a more widely encompassing disor-
der of central coherence, in which there is diffi-
culty with drawing together “diverse infor-
mation to construct higher level meaning in
context.” According to this theory, understand-
ing a theory of mind test or processing emoti-
onal information may be viewed as simply add-
ing another layer of contextual complexity.

Other investigators have focused on a disorder
of language in autism."’ Autistic children, unlike
controls, do not increase their recall when words
are placed into syntactic or semantic context."” "’
An attempt has been made to link these findings
to theory of mind abnormalities,'® but they seem
to be more readily explained by weak central
coherence."!

Findings such as significantly greater perse-
veration and impairments in the number of cat-
egories achieved on the Wisconsin card sort test
have led others to conclude that executive func-
tion is the primary impairment in autism.'”"

These theories are not mutually exclusive
and comparison has proved difficult. Ozonoff ez
al detected executive function deficits, theory
of mind deficits, and abnormalities in process-
ing of emotional information in autistic sub-
jects, but did not attempt to use tasks matched
for complexity on one domain while varying
another.” However, such a comparison of
theory of mind with executive functioning
deficits has been attempted. In that compari-
son, autistic subjects were able to comprehend
“false photographs” despite the inability to
comprehend others’ false beliefs® * suggesting
that impairment of executive function is not
the primary deficit in autism.”

The purpose of the present study is to com-
pare central coherence and processing of emo-
tional information in high functioning adults
with autism spectrum disorder and normal
controls by testing recall of auditorily pre-
sented material. A test is also performed to
determine whether theory of mind content in
auditorily presented material can influence
recall. Experiment 1 (appendix 1) used the test
of Miller and Selfridge* to assess the ability of
subjects with autism spectrum disorder to uti-
lise syntactic and semantic context to recall
words. Normal subjects show an increase in
recall with increasing syntactic and semantic
context.”® Experiment 2 (appendix 2) tested
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utilisation of context in a conceptual semantic
setting. Recall was tested for sentences within a
logically ordered non-emotional paragraph/
story and was contrasted with recall of
sentences presented without context. Accord-
ing to the central coherence theory of autism,
subjects with autism spectrum disorder should
benefit less than control subjects from context
in experiments 1 and 2. Experiment 3 (appen-
dix 3) tested the recall of “high emotion” and
“neutral” statements, adapted from a study of
Boller et al.® According to the emotional
processing dysfunction theory, subjects with
autism spectrum disorder should benefit less
than control subjects from emotional context
in statement recall. The sentences in these
three experiments do not require understand-
ing the perspectives of others and should
therefore not directly invoke a theory of mind
process. These sentences are also sufficiently
simple to be easily comprehended by all
subjects. Experiment 4 (appendix 4) tested
whether varying theory of mind content in a
story could influence recall of text among sub-
jects with autism spectrum disorder by using a
modified form of the method of Wechsler.”® Of
the four stories used in this experiment, one
contains a first order theory of mind false belief
without emotional content, two are first order
theory of mind stories with emotional content,
and one is a second order theory of mind story
without emotional content. Thus, if theory of
mind content can influence recall, then experi-
ment 4 could test the effect on recall of includ-
ing a higher order of theory of mind compo-
nent in a story and contrast this influence with
the effect of emotional content. Control
subjects may show better recall of stories with a
higher order of theory of mind than subjects
with autism spectrum disorder due to the
impairment in theory of mind reported in
autism. Control subjects should show better
recall of stories with greater emotional content
than subjects with autism spectrum disorder
according to the theory of emotional process-
ing dysfunction in autism.

Methods

Ten high functioning adults with autism spec-
trum disorder (seven men, three women) and 13
non-autistic adults (eight men, five women)
were studied. Nine of the patients with autism
spectrum disorder were diagnosed with the
autism diagnostic interview-revised (ADI-R)*
(interviews performed by DQB, a validated
administrator for this test), and one by medical
records and personal history (including recall of
ADI-R items). Autism spectrum disorder in-
cludes autism, Asperger syndrome, and perva-
sive developmental disorder—not otherwise
specified. Whereas all subjects met the diagnos-
tic criteria for autism through their reported
behaviour during childhood (ADI-R), most had
shown significant improvement in function over
time, such that the distinction between the vari-
ous forms of autism spectrum disorder was not
as clear. Therefore, the more general term
autism spectrum disorder is used to describe
these patients. The two groups were matched for
age, verbal scale, and performance scale
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Wechsler adult intelligence scale revised
(WAIS-R) IQ scores. Verbal scale IQ was
matched because of relations found between
verbal IQ and theory of mind task perform-
ance.” *’ As IQ matching of subjects with autism
spectrum disorder with high verbal IQ might
have led to the inclusion of subjects with low
performance scale IQ, subjects were also
matched for performance scale IQ (due to the
possibility that the cognitive processes assessed
by the performance scale IQ tests might also
contribute to the tasks in our investigation). All
subjects were at least 18 years of age, had a full
scale IQ of 85 or higher, and had to be capable
of completing the study. Subjects from both
groups were recruited from among volunteers
for a concurrent autism neuroimaging study.

EXPERIMENT 1 (SEMANTIC AND SYNTACTIC
CONTEXT)

All subjects were presented with an audiotape
containing the eight test sets of 10 word passages
(appendix 1). Test words were presented in a
monotone at one per second. Subjects were
instructed that they were to hear a set of words.
At the end of the final word in each set a tone
would be sounded, at which point the tape
would be stopped. After the tone, they would be
allowed unlimited time to write all of the words
that they could recall. Before the experimental
test sets were presented, the subjects were
presented with a sample word string comprising
a normal sentence that incorporated meaningful
relations between the major lexical items and
correct grammar. They were presented a second
example consisting of a string of semantically
unrelated words without any grammatical struc-
ture. After these practice trials the subjects were
presented with the experimental test sets. The
eight test sets incorporated systematically vary-
ing degrees of semantic and syntactic context.
According to Miller and Selfridge,” “0-order
approximation” represents words drawn ran-
domly from a dictionary. By contrast, “text” is
taken directly from fiction or biography, and
“first order approximation” through “seventh
order approximation” are defined as increasing
in “order of approximation to statistical struc-
ture of English.” Sets were presented in order
from least (0-order) to most (text) semantically
and syntactically related for half of the subjects,
and in the reverse order for the other half.

EXPERIMENT 2 (LOGICAL ORDER)

All subjects were presented with an audiotape
containing four short paragraphs each consist-
ing of 10 complete sentences (appendix 2). In
two of the paragraphs, the constituent sen-
tences were presented in logical order, forming
a coherent story. In the other two paragraphs,
the constituent sentences were presented in a
random order. Of the four stories, which two
were presented in random order and which two
were in logical order was varied randomly
between subjects. The paragraphs were pre-
sented in a monotone with a brief pause
between sentences. Coherence of the stories
did not depend on understanding “theory of
mind” processes. There was no significant
emotional content in these paragraphs. Pro-
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nouns replaced proper nouns for most refer-
ences to characters after the initial reference in
both the ordered and unordered paragraphs. At
the end of the final word in each paragraph, a
tone sounded, at which point the tape was
stopped and the subject was allowed unlimited
time to write as many of the sentences as he or
she could recall.

EXPERIMENT 3 (EMOTION)
Subjects were presented with an audiotape
containing 10 “high emotion” statements and
10 “neutral” statements (appendix 3). As with
experiments 1 and 2, the sentences were pres-
ented in a monotone, each followed by a brief
pause. The statements were derived from a
series of questions rated independently by care-
takers as “high emotion” and “neutral” in a
study by Boller ez a”” and modified to be appro-
priate for young, ambulatory, higher functioning
adult subjects, as the original questions were
designed for aphasic stroke patients. For exam-
ple, we converted “Do you wet your bed?” to
“Carl wets his bed.” We converted “Are you
going to a nursing home?” to “Carl is going to
jail.” After making these changes and converting
questions to statements, we assembled them in a
format similar to that used in experiment 2,
using a proper noun for the first reference to a
character and pronouns thereafter. Comprehen-
sion of these sentences did not directly involve
“theory of mind” processes. Subjects were
randomly selected to hear the 10 “high emo-
tion” sentences either first or last. At the end of
the final word in each series of sentences, a tone
sounded, at which point the tape was stopped
and the subject was allowed unlimited time to
write as many of the sentences as he or she
could recall.

EXPERIMENT 4 (THEORY OF MIND)

Subjects were presented with an audiotape
containing four stories. The “Cowboy story”
(first order theory of mind story) and the “King
story” (first order theory of mind story with
emotional content) of Wechsler,” the “Sailor
story” (first order theory of mind story with
emotional content), and the “Chocolate story”
(second order theory of mind story). Each
story was divided into 20 units (appendix 4).
The stories were closely matched for number of
words. Each story was presented in a monotone
and one of the following sequences was
randomly selected as the order of presentation
of the stories: Cowboy-King-Sailor-Chocolate,
King-Cowboy-Chocolate-Sailor, Sailor-
Chocolate-Cowboy-King, and Chocolate-
Sailor-King-Cowboy. A tone sounded at the
end of each story, at which point the subject
was asked to recall it as accurately as possible.
The only help offered was “Are you finished?”
or “Is there anything else?” Subjects were again
given unlimited time to respond. At the end of
the recall period for each story, the subject was
asked a question about the key theory of mind
false belief(s) posed by each story. (Example:
“Who did the dog think the cowboy was while
he was wearing his new suit?” for the “Cowboy
story.”)
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Figure 1  Number of words recalled for subjects with autism spectrum disorder and control
subjects across varying levels of semantic and syntactic content (order).
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Further testing was done to evaluate per-
formance on established theory of mind tests to
compare with the results derived from experi-
ment 4. Subjects were presented with a model
version of the “Sally-Anne” first order theory
of mind task’ and a culturally modified version
of the “Smarties task”,” using a can of
Pringles™ potato chips (“Pringles task”). Sub-
jects were then given a model version of the
second order theory of mind tasks of Baron-
Cohen.* (Appendix 5.)

Each subject completed the four experi-
ments in one of four different sequences (1-2—
3-4, 4-3-2-1, 3-4-1-2, 2-1-4-3) to avoid
order effects.

Results

There were no significant differences between
groups in age (autism spectrum disorder 30.8
(SD 9.3) years, controls 30.6 (SD 12.8) years),
full scale WAIS-R IQ (autism spectrum
disorder 109.7 (SD 16.2), controls-117.3 (SD
11.2)), performance scale WAIS-R IQ (autism
spectrum disorder 105.6 (SD 14.3), controls

Ordered
Subtest

Figure 2 Number of sentences recalled for subjects with autism spectrum disorder and
control subjects for non-ordered and ordered sentences.
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111.5 (SD 10.8)) or verbal scale WAIS-R IQ
(autism spectrum disorder 112.5 (SD 18.3),
controls 118.6 (SD 13.8)). However, signifi-
cant differences did exist in years of education
(autism spectrum disorder 13.7 (SD 1.8)
years, controls 15.8 (SD 2.5) years), independ-
ent samples pooled variances ¢ test
1(21)=-2.295, p=0.032).

EXPERIMENT 1 (SEMANTIC AND SYNTACTIC
CONTEXT)

Number of correct words recalled for each
subtest of experiment 1 was scored by a rater
blinded to the diagnostic group. A total of 10
words was possible for each subtest of experi-
ment 1. A repeated measures analysis of
variance (ANOVA) was performed to detect a
difference between linear polynomial trends in
the two groups. This was performed to deter-
mine whether non-autistic subjects had a greater
increase in recall with increasing semantic and
syntactic context than those with autism. Overall
increases in recall were detected with increasing
order (F(1, 21)=133.763, p<0.0005) across all
subjects. In addition, each individual subject
showed an increase in recall with increased
semantic and syntactic context. However, no
difference was detected in the linear trend
between subjects with autism spectrum disorder
and control subjects in the influence of increas-
ing semantic and syntactic context on recall
(F(1, 21)=0.181, p=0.675). The overall differ-
ence in recall between control subjects and sub-
jects with autism spectrum disorder in this
experiment was also not significant (F(1,
21)=2.604, p=0.122, fig 1).

EXPERIMENT 2 (LOGICAL ORDER)

Accuracy of recall was scored for each subtest
of experiment 2 by the same blinded rater. A
total of 10 points was possible for each group of
10 sentences. Accurate recall of all nouns and
verbs in one sentence equalled one point, and
accurate recall of some of the nouns and verbs
in one sentence equalled half of a point. For
each subject and control, the scores for the two
unordered stories were summed and the scores
for the two ordered stories were summed.
Examination of the data disclosed that all but
one subject showed an increase in recall with
increased order; one autistic subject showed no
change. No reordering of unordered sentences
was seen in either group. A repeated measures
ANOVA disclosed a significant overall differ-
ence between ordered and unordered para-
graph recall (F(1, 21)=77.674, p<0.0005).
The overall difference between diagnostic
groups did not reach significance (F(1,
21)=1.950, p=0.177), nor was there a signifi-
cant diagnostic group by orderedness interac-
tion effect (F(1, 21)=2.562, p=0.124, fig 2).

EXPERIMENT 3 (EMOTION)

Accuracy of recall was scored for each subtest
by the same blinded rater as in experiments 1
and 2. A total of 10 points was possible for each
group of 10 sentences (scoring was as in
experiment 2). A repeated measures ANOVA
disclosed no significant difference between
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diagnostic groups (F(1, 21)=1.574, p=0.223)
and no significant overall difference between
recall of emotional and recall of non-emotional
sentences (F(1, 21)=0.023, p=0.880). How-
ever, an interaction effect was seen between
diagnostic group and emotionality of text (F(1,
21)=7.394, p=0.013).

Matched pairs ¢ tests were performed to
further define this interaction. Non-autistic sub-
jects recalled emotional material significantly
better than non-emotional material (emotional
6.81 (SD 1.67), non-emotional 6.19 (SD 2.03),
mean  difference  0.615 (SD  0.8700,
t(12)=2.551, p=0.025). By contrast, subjects
with autism spectrum disorder showed no such
difference (emotional 5.25 (SD 1.69), non-
emotional 5.80 (SD 2.26), mean difference
—0.550 (SD 1.189, #(9) 0.178, p=0.18). The
mean recall of emotional material was actually
less than the mean recall of neutral material
among subjects with autism spectrum disorder
(fig 3), although the difference was not signifi-
cant.

1st order TOM

1st order/emotion 1st order/emotion 2nd order TOM
(king) (sailor)

Paragraph type

Figure 4 Number of paragraph segments recalled for subjects with autism spectrum
disorder and control subjects for paragraphs varying in emotional content and orders of
theory of mind (first or second order theory of mind).
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EXPERIMENT 4 (THEORY OF MIND)

No errors on the theory of mind false belief
questions derived from the stories were made
by non-autistic subjects. One subject with
autism spectrum disorder made an error on the
theory of mind questions for the king story, one
made an error on the question for the sailor
story, two made errors on the question for the
cowboy story, and three made errors on the
question for the chocolate story (two on the
first order theory of mind question and one on
both the first and second order questions).
Overall, subjects with autism spectrum disor-
der showed a trend towards fewer correct
responses on theory of mind false belief
questions than control subjects (autism spec-
trum disorder—4.2 (SD 1.3), controls-5.0 (SD
0.0), independent samples ¢ test, equal vari-
ances not assumed, #(9)=—1.922, p=0.087).

On testing using established theory of mind
tasks,’ * one subject with autism spectrum dis-
order made one error on each of the screening
first and second order theory of mind tests. No
other errors were made on the screening tests
by other subjects. Thus, their performance on
the established tasks was similar to their
performance on our tasks.

Accuracy of recall was scored for each subtest
by the same blinded rater as in experiments 1, 2,
and 3. A total of 20 points (one point for each
correct segment within each story) was possible
for each paragraph, as in the original study of
Wechsler.”® An analysis of variance (ANOVA)
did not show a significant effect of diagnostic
group on recall of stories (F(1, 21)=2.095,
p=0.16). There was also no overall difference in
recall of stories varying in level of theory of mind
(first and second order) (cowboy story versus
chocolate story, F(1, 21)=1.356, p=0.257), and
there was no such difference in recall among
subjects with autism spectrum disorder (cowboy
story 12.35 (SD 5.80), chocolate story 12.35
(SD 4.35), mean difference 0.000 (SD 2.625),
1(9)=0.00, p=1.00). Furthermore, there was no
significant interaction effect between diagnostic
group and level of theory of mind (cowboy story
versus chocolate story, F(1, 21)=1.627,
p=0.216). In a test of the influence of emotional
content on story recall, a repeated measures
ANOVA did not show a significant interaction
effect between diagnostic group and presence or
absence of emotional content (cowboy v king,
F(1,21)=2.926, p=0.102; and cowboy v sailor,
F(1,21)=3.649, p=0.070). The trends found in
this analysis were not in the predicted direction
(fig 4).

Discussion

Frith and Happé proposed that autistic people
have weak central coherence, or impaired abil-
ity to utilise context in understanding the
environment." Studies of non-verbal tasks
such as block design have also supported weak
central coherence in autism.” According to the
theory of weak central coherence, increasing
contextual information should benefit recall
among autistic subjects less than it does for
non-autistic subjects, as supported by the find-
ings of Hermelin and Frith."* However, we
found no difference between groups when both
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syntactic and semantic context were added to
lists of words (experiment 1). Although Happé
noted that syntax may be a relatively unim-
paired system in autism spectrum disorder,”
even when we added conceptual context (logi-
cal order) to lists of sentences (with no addition
of syntactic context) the difference between
groups was not significant (experiment 2).
Therefore, the impairment in recall related to
central coherence may be less apparent in the
high functioning adults with autism spectrum
disorder we tested than in younger and lower
functioning subjects tested in previous studies.

Whereas in experiment 2, sentences to be
recalled varied in conceptual semantic context,
in experiment 3 the sentences to be recalled did
not vary in semantic context but rather varied
in emotional intensity. Subjects with autism
spectrum disorder, when compared to non-
autistic subjects, showed decreased recall of
emotional material. This suggests that utilisa-
tion of emotional context is more impaired
than utilisation of conceptual context among
high-functioning subjects with autism spec-
trum disorder. Emotional processing impair-
ments in high functioning adults with autism
spectrum disorder, therefore, are not readily
explained as simply a result of “weak central
coherence.”

Some studies have linked deficits on tasks of
emotional perception to theory of mind
deficits. For example, autistic children have
been shown to understand situations and
desires as causes of emotion better than they
understand beliefs as causes of emotion, possi-
bly because beliefs rely upon a higher order
theory of mind.” Autistic subjects have a
particularly difficult time with understanding
irony, compared with similes and metaphors, as
understanding irony requires understanding of
what others might expect.* Autistic children
also fail to recognise surprise while adequately
recognising happy and sad emotion, possibly
because of the higher order of theory of mind
thought to be required for surprise (one must
know that the surprised person was expecting
something different).” However, the emotional
stimuli presented in experiment 3 were con-
crete, negatively arousing stimuli which did not
involve emotions based on beliefs or irony and
did not involve recognition of surprise. There-
fore, the results of this experiment cannot
readily be attributed to impairment of theory of
mind processing.

We attempted to disentangle emotional effects
from theory of mind effects more explicitly in
experiment 4 by combining the two components
in one task. In experiment 4 we tested recall
based on “theory of mind” stories. We scored
recall for details of the story and we scored
accuracy of comprehending the critical theory of
mind elements of the story. We found a trend
towards subjects with autism spectrum disorder
comprehending the theory of mind elements
less than control subjects. However, varying the
levels of theory of mind processing required
within stories did not influence recall among
subjects with autism spectrum disorder, and
subjects with autism spectrum disorder did not
differ from control subjects in the influence of
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theory of mind content on story recall. Further-
more, non-autistic subjects did not show greater
recall of emotional stories in experiment 4. We
suspect that this finding resulted from the pres-
ence of only one emotional item per segment of
emotional text in experiment 4, whereas 10
emotional items were present per segment of
emotional text in experiment 3. Therefore,
experiment 3 was a significantly more potent
test of the influence of emotional content on
recall.

The mechanism underlying the emotional
recall impairments present even in these high
functioning adults is unknown. This defect
may reflect an underlying dysfunction of the
limbic system. Support for this limbic postulate
comes from primate studies showing socioe-
motional impairment after neonatal damage to
limbic structures.”® It is also supported by
pathological evidence of abnormalities in neu-
ronal size and density in the amygdala among
autistic subjects.” Studies of the function of the
amygdala suggest that it plays a critical part in
negative emotions with high arousal such as
fear and is also important in fear condition-
ing.”® The emotional sentences used in experi-
ment 3, as in the study of Boller ez al,” are
negative valence with high arousal. The amy-
gdala has strong connections with the hippoc-
ampus which is important in memory and
recall. Perhaps deficits in this limbic network
may account for the deficit of emotional recall
we found in subjects with autism spectrum dis-
order. Future studies are needed to test this
limbic hypothesis and to disentangle the roles
of emotional valence and arousal in this recall
deficit.

This work was funded by the Stallone Fund. We thank Dr
Alfonso Caramazza and Dr Theo Manschreck for their sugges-
tions and Paul Kubilis, Dr Greg Crucian, and Dr Jocelyn Keil-
lor for statistical advice. We also thank Dr Kenneth Heilman for
his helpful comments on this manuscript.

Appendix 1: Experiment 1 (Miller and Selfridge*):
Non-context sample:

crane therewith egg journey applied crept burnish pound
precipice king

Context sample:

more attention has been paid to the growth of children
0-order approximation:

byway consequence handsomely financier bent flux cavalry
swiftness weatherbeaten extent

First order approximation:

abilities with that beside I for waltz you the sewing
Second order approximation:

was he went to the newspaper is in deep and

Third order approximation:

tall and thin boy is a biped is the beat

Fourth order approximation:

saw the football game will end at midnight on January
Fifth order approximation:

they saw the play Saturday and sat down beside him
Seventh order approximation:

recognise her abilities in music after he scolded him before
Text:

the history of California is largely that of a railroad
Appendix 2: Experiment 2

No 1 ordered:

Mary is a college student.

She wants to buy a car.

She only has six hundred dollars.

She bought a newspaper.

She found an ad in the classifieds section.

The ad said, “Recent graduate, must sell car.”

The price listed was a thousand dollars.

She gave him a call

She bargained with him.

He sold it to her for five hundred and fifty.

No 1 non-ordered:

The price listed was a thousand dollars.

Mary found an ad in the classifieds section.

She is a college student.

The graduate sold the car to her for five hundred and fifty.
She bought a newspaper.
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She gave him a call.

She only has six hundred dollars.

The ad said, “Recent graduate, must sell car.”

She bargained with him.

She wants to buy a car.

No 2 ordered:

John is a gardener.

His favourite things to grow are tomatoes

Every year he has a problem:

Birds would fly over the garden

They eat up all of his tomatoes.

He called the garden store

He asked the manager what to do.

The store said, “Put a scarecrow in your yard.”

He put a frightful mask by his garden.

Now the bugs eat up all of the tomatoes.

No 2 non-ordered:

The garden store said, “Put a scarecrow in your yard.”

Every year John has a problem.

He called the store.

His favourite things to grow are tomatoes.

Now the bugs eat up all of the tomatoes.

Birds would fly over the garden.

He put a frightful mask by his garden.

He is a gardener.

He asked the manager what to do.

They eat up all of his tomatoes.

No 3 ordered:

Betty just got home from work.

She had just put some bread in the toaster

She took a look inside the refrigerator.

There was no milk left for her to drink.

The store was closing in fifteen minutes.

She had to hurry to arrive in time.

She hit the lever on the toaster.

The toast wouldn’t pop up.

She unplugged the toaster.

She hurried out the door.

No 3 non-ordered:

Betty hit the lever on the toaster.

She took a look inside the refrigerator.

She hurried out the door.

She had just put some bread in the toaster.

She had to hurry to arrive in time.

She just got home from work.

The toast wouldn’t pop up.

There was no milk left for her to drink.

She unplugged the toaster.

The store was closing in fifteen minutes.

No 4 ordered:

Jack was very hungry.

He had worked hard all day.

He hadn’t had a bite to eat since breakfast.

He was too hungry to cook his dinner.

He walked to the corner deli.

He bought the biggest sandwich.

He ate it in the store.

He still was very hungry.

He bought a bucket of potato salad.

He carried it back to his home.

No 4 non-ordered:

Jack ate it in the store.

He walked to the corner deli.

He carried it back to his home.

He was too hungry to cook his dinner.

He was still very hungry.

He had worked hard all day.

He bought a bucket of potato salad.

He bought the biggest sandwich.

He hadn’t had a bite to eat since breakfast.

He was very hungry.

Appendix 3: Experiment 3 (modified from Boller ez a**)

“High emotion™:

Carl shot his gun at someone.

He hits his teachers.

He talks about death.

He is buying some illegal drugs.

He is going to jail.

His mother is not going to get well.

He wets his bed.

She had a stroke on her right side.

He is an alcoholic.

He is burning down a house.

“Neutral”:

Mike is talking on the phone.

He is drinking tea.

He is talking with his roommate.

He is hungry.

He is getting a notebook.

He is American.

He is buying some bottled water.

He talks about his wardrobe.

His roommate’s bed is by the door.

They are going to the movies.

Appendix 4: Experiment 4 (Wechsler®) (“/” indicates
breaks between units)

“King story:”

There was once / a king / who was very sick / and his doctors
/ were unable / to cure him. / He sent for his wise men / who told
him / he would get well / if he wore / the shirt / of a truly / happy
man. / So he sent his messengers / out all over the kingdom /
looking for / a truly / happy man / and they finally found one /
but he didn’t have a shirt.

Whart did the king think the truly happy man would be wearing?
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“Cowbay story:”

A cowboy / went to San Francisco / with his dog, / which he
left / at a friend’s / while he bought / a new suit of clothes. / He
came back / to the dog / dressed in his new suit / but the dog
didn’t recognise him / and gave a mournful / howl. / So the cow-
boy / put on his old suit / and the dog / immediately / showed its
joy / on seeing its master / as it thought he should look.

Who did the dog think the cowboy was while he was wearing
his new suit?

Sailor story:

A newly married / sailor / left his bride / at home / for his final
voyage / before retiring / and returning to the family business. /
The boat sank / and the rescue squad / found no survivors. / His
wife cried frequently / for many years thereafter / and began to
drink / too much brandy. / She finally recovered / and remarried
/ and was happy / until they found the sailor / on a nearby island
/ living with a native girl.

What did the wife think had happened to the sailor when she
remarried?

Chocolate story:

Mr. Jones / brought home / a bag of chocolates / for the office’s
party. / He put them / in the closet / and went to bed. / His son
Joey / heard him / hiding the chocolates / and came down / to
investigate. / Joey found the chocolates / and took them / to his
desk / to hide them. / After he went to sleep / the dog took them
/ out to the back yard / and buried them.

Where did Joey think the chocolates were?

Where did Joey think Mr Jones thought the chocolates were?

Appendix 5: Established theory of mind tests

First order theory of mind, “Sally-Anne” (Baron-Cohen et al’)

(Illustrated with small models) Here are Sally and Anne,
together in a room. Sally puts a marble in her basket and then
leaves the room. Anne takes the marble out of the basket and
puts it into her own box. She leaves. Sally comes back. Where
will she look for the marble?

ifirst order theory of mind, “Pringles task” (based on Perner et

Subject is shown a Pringles canister and asked, “What is in
here?” After the subject answers “potato chips” or “Pringles,”
then the canister is opened to reveal a pencil. The subject is then
told that a friend of the examiner is in the hall. The subject is
told that the friend hasn’t seen the box or been told anything
about it. The subject is then asked, “When my friend comes in
T’ll show him this canister and ask ‘What’s in here?” What will he
say?”

Second order theory of mind (Baron-Cohen®):

The subject is given this story and asked these questions with
the appropriate models:

Here is John (point to him) and here is Mary (point to her).
They live in this village.

Which is John? Which is Mary?

Here they are in the park (show where). Along comes the ice-
cream man (point to him). John would like to buy an ice-cream
but he has left his money at home. He is very sad. “Don’t worry”
says the ice-cream man, “you can go home and get your money
and buy some ice-cream later. I’ll be here in the park all
afternoon.” “Oh good” says John, “I’ll be back in the afternoon
to buy an ice-cream.”

Where did the ice-cream man say to John he would be all
afternoon?

So John goes home. He lives in this house (point to it). Now,
the ice-cream man says “I am going to drive my van to the
church to see if I can sell my ice-creams outside there”.

Where did the ice-cream man say he was going?

Did John hear that?

The ice-cream man drives over to the church (point to it). On
his way he passes John’s house. John sees him and says “Where
are you going?”. The ice-cream man says “I’m going to sell some
ice-cream outside the church”. So off he drives to the church.

Where did the ice-cream man tell John he was going?

Does Mary know that the ice-cream man has talked to John?

Now Mary goes home. She lives in this house (point to it).
Then she goes to John’s house. She knocks on the door and says
“Is John in?” “No,” says his mother, “he’s gone out to buy an
ice-cream”.

Where does Mary think John has gone to buy an ice cream?

3%
Where did John really go to buy his ice-cream?

Where was the ice-cream man in the beginning?

(This story is then repeated with the locations reversed.)
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