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Executive functions and the
natural habitat behaviors of
children with autism

L I S A  A . R U B L E Vanderbilt University, USA

M . M . S C O T T Indiana University, USA

A B S T R A C T Research suggests that impairments in executive func-
tions play a role in the cognitive deficit in autism. Possible autism-
specific impairments include an inability to engage in goal-directed
behaviors and adjust behaviors given environmental demands. What
has been described as executive functions is based largely on obser-
vations of performance in the laboratory rather than in natural settings.
An ecological method first described by Barker and Wright and adapted
by Scott was used to assess the patterns of goal-directed behaviors of
eight children with autism and eight chronological and mental age
comparable children with Down syndrome. Quantitative and quali-
tative features of naturalistic behaviors were collected, and coded using
previously described categories of children’s behavior. Results indicated
that children with autism exhibited shorter and less overlapping goal-
directed behaviors. These data suggest a cognitive difference rather than
developmental delay, and lend support for impaired executive functions
in autism. Practical implications for educators and caregivers are dis-
cussed.

A D D R E S S Correspondence should be addressed to: L I S A A . R U B L E , WeissKopf
Center for the Evaluation of Children, University of Louisville, Department of Pediatrics,
571 So. Floyd Street, Suite 100, Louisville, KY40202, USA. e-mail:
larubl01@gwise.louisville.edu

Autism is a complex disability affecting social and communication develop-
ment and ability to engage in a wide range of interests and activities
(American Psychiatric Association, 1994). These impairments are pervasive
and heterogeneous, lasting throughout the lives of people with autism and
varying in degree from individual to individual. Even though there is not
yet consensus on the nature of the underlying cause(s) of these problems,
impairment in executive function (EF) has been implicated (Ozonoff,
1995; Ozonoff and Jensen, 1999; Rumsey and Hamburger, 1990) and
linked to characteristics of autism (Hughes, 2001; Ozonoff, 1998; Rogers,
1998; Ruble, 2001). Broadly described as cognitive ‘capacities that enable
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a person to engage successfully in independent, purposeful, self-serving
behavior’ (Lezak, 1995, p. 42), EFs lack a clear operational definition
(Bryson et al., 1997). Barkley (2000) suggests that the term ‘executive
functions’ includes (1) planning of volitional goal-directed intentional
action, (2) inhibition and resistance to distraction, (3) problem solving that
allows for development, selection, and monitoring of strategies, (4) flexi-
bility in goal-directed actions to meet task demands, (5) persistence in
behaviors to attain a goal, and (6) awareness of self over time. Thus, EFs
encompass a wide set of self-regulatory behaviors that overlap with one
another.

Ozonoff and Jensen (1999) have questioned the specificity of EF
impairment in autism because executive deficits are also observed in other
neurodevelopmental disorders such as attention deficit hyperactivity
disorder (ADHD) and Tourette syndrome (TS). By demonstrating that indi-
viduals with autism have more difficulty with two particular components
of EFs, Ozonoff and colleagues suggest that different EF profiles may dif-
ferentiate autism from ADHD or TS. They found that individuals with
autism had particular difficulty in planning goal-directed activities and
engaging in behaviors that are flexible given task demands.

Research in EF is relatively recent, and no agreement exists on the results
of EF as primary or as secondary following a neurological insult in autism.
In addition, little information is available on the impact of EF deficits and
everyday behaviors of children with autism. Hughes (2001) provides a com-
pelling argument implicating executive dysfunction as a primary causative
agent resulting in everyday observable problems in autism, such as joint
attention, pretend play, communication, and repetitive behaviors. Rogers
(1998) notes clinical descriptions of young children’s everyday behaviors.
Adaptive classroom behaviors such as working continuously, maintaining
attention, and generating novel and creative problem solving strategies are
EF problems that must be addressed by educators. Classroom teaching assist-
ants often act as the ‘executive’ planners for students with autism by pro-
viding verbal and physical prompts to help students complete tasks and
participate in group learning activities. What has been described, heretofore,
as EF is generally based on observations of individuals’ micro-level behav-
iors elicited by laboratory-based neuropsychological tasks rather than molar-
level behaviors demonstrated in natural settings. The purpose of this study
was to determine whether everyday behaviors in autism, that occur at an
observable level and are thought to be mediated by EF, differ in quality and
quantity to those of comparable mental and chronological age children.

An ecological psychology approach, originating from the work of
Barker and Wright (1955/1971), was chosen to describe the everyday
goal-directed behaviors of children with autism. This method allows for
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the assessment of the interdependent transactions between intentional or
goal-directed behaviors and the settings in which these behaviors occur
(Wicker, 1979). Ecological methods have been used in numerous studies
of childhood goal-directed behavior (e.g. Barker and Wright, 1955/1971;
Gump, 1975; Hatfield, 1982; Scott, 2002; Wright, 1967). Intentional goal-
directed behavior has been previously defined, independently from EF, as
the ability to initiate, engage, and disengage in one activity that consists of
a constant and uniform psychological direction across some time period
(Barker and Wright, 1955/1971). Depicted as a developmental skill that
demonstrates self-organization, the complexity of goal-directed behavior
has been shown to relate to age. Barker and Wright (1955/1971), for
example, observed children’s behavior in a small Midwest town in the USA
across a number of settings such as playgrounds, churches, and homes.
They found that the age of children positively correlated with the length
and complexity of the patterns of their goal-directed behaviors.

In this present study, written records of behaviors of comparable
children with autism and Down syndrome (DS) were collected and
analyzed. Records comprised descriptions of behavior directly observable
by a layperson (Scott, 1980) and made by recording the behavior of the
child, the people around the child, and ongoing events onto a portable tape
recorder. The tapes were transcribed as narrative records called chronologs,
which were used for data analysis (see Figure 1 for a sample chronolog).
To allow for coding of real-time behavior, time notations were made in the
margin of the chronologs. Next, the ongoing description of real-time
behavior was divided into its naturally occurring structural units (Scott,
1980) via the activity unit (AU). Defined as a ‘chunk’ of an individual’s
ongoing, goal-directed behavior, an AU depicts intentional action com-
prising a continuous psychological direction from the perspective of the
actor (Scott, 1980). These behavioral units are common to a layman’s
description of behavior, and at home might include ‘eating dinner’,
‘watching TV’, or ‘playing with toys’. When the child engaged in a different
activity, a new AU was marked (see Figure 1 for unitized chronologs). Each
AU was labeled from the intention of the child, describing what the AU
was about, what was happening, or what the child was trying to do.
Examination of children’s intentions advanced understanding of com-
munication and social behaviors of children with autism (e.g. Mundy and
Sheinkopf, 1998; Mundy et al., 1986; Wetherby et al., 1998). This study is
the first to use children’s intentions to assess EF.

A word may be in order concerning the ‘behavioral intent’ in AUs and
its relationship to EF. Behavioral evidence is required to judge ‘intent’ in an
AU. For example, the child must be emitting some behavior, at some level,
toward a goal or end state. When all behavior toward that end state ends,
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the AU ends. For example, a boy may be talking to mother. Father enters
and the boy turns to him and begins talking but keeps his hand on mother’s
knee and his body is still mainly pointed in mother’s direction. In ecological
research this is considered to be evidence of at least some intent to continue
talking to mother. When the boy leaves mother and climbs into father’s lap,
all behavioral evidence of ‘talking to mother’ has ended. The boy may very
well talk to mother again, from father’s lap, but there is a different charac-
ter or quality to that behavior than the previous ones. In this case, again,
behavioral evidence is sought as to whether the boy thinks he is continu-
ing to talk to mother or whether he is having a new conversation. The
judgment is made from the perspective of the boy. One advantage of eco-
logical research is that analyses are done based on the actual behavior at the
time and not on some a priori categories that are always coded one way
regardless of the naturally occurring, ongoing context of the behavior at
the time it occurs. This has been done quite reliably in previous studies
(Barker and Wright, 1955/1971; Dumke, 1986; Gump, 1969; 1974; 1975;
1978; 1987; Hatfield, 1982; Rager, 1986; Ruble, 1997; 1998; Scott and
Hatfield, 1985; Wright, 1967). It is a matter of looking at behavior at the
molar level (molecular behaviors do not have this level of reliability in eco-
logical research), having enough familiarity with the overall behavior
patterns of the boy (from reading the entire record before beginning the
segmenting of AUs), and looking astutely for actual behavioral cues of the
boy’s intent. This is somewhat different than laboratory-experimental 
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definitions of intention, which tend to be more internal, and more non-
continuous, than AUs.

There are several similarities between EF (as it has been described by
Barkley, 2000) and AUs, and there are also some differences. An activity
unit is thought to be a reasonable analog for three aspects of EF: (1)
planning of volitional goal-directed intentional action, (2) inhibition and
resistance to distraction, and (3) persistence in behaviors to attain a goal.
The nature of intent in the AU is similar in both. In the AU the child is pro-
ceeding toward a goal and is also sufficiently persistent and resistant to dis-
traction to keep the AU in progress. These are thought to be direct
behavioral evidences of intent at the molar level in the natural habitat.

There are also several dissimilarities between an AU and EF. An AU does
not deal with ‘awareness of self over time’ (Barkley, 2000). Further, it is not
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Figure 1 The first excerpt, chronolog A, illustrates dinnertime behavior of a
child with autism, Richie. Chronolog B demonstrates dinnertime behavior of a
child with Down’s syndrome, Trey. Both children exhibited overlapping units of
behavior. Trey, however, demonstrated more complex patterns of behavior with
more overlap and of longer duration. Notice that each unit of behavior is
labeled and numbered for purposes of coding and data analysis (times in
minutes and seconds)
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clear whether an AU deals with ‘problem solving that allows for the
development, selection, and monitoring of strategies’ or ‘flexibility in goal-
directed actions to meet task demands’. There appear to be elements of both
of these in an AU, but these aspects need further study.

In summary, the AU was considered a sufficiently similar analytic unit
to that of EF to provide a reasonable analog. In addition, it occurs within
the child’s natural habitat, thus increasing its ecological validity.

After the AUs were identified, the patterns of goal-directed behaviors
were coded for each AU. Pattern dimensions that have been applied in
previous ecological studies (Barker and Wright, 1955/1971; Scott, 1980;
Wright, 1967) were selected for the present study and included the length
of goal-directed behavior or AU, the number of overlapping AUs, and the
type of AU overlap. The length of AUs was calculated to the nearest .25
minutes. Wright (1967) found that older children had longer AUs. The
number of overlapping AUs is a measure of the simultaneity or co-
occurrence of goal-directed behaviors (Wright, 1967) at one point in time
and represents ability to self-organize behavior. Thus, ability to perform
multiple behaviors that reflect varying intentions is assessed by number of
overlapping AUs. Wright (1967) also found older children to have more
overlapping behaviors.

The third dimension, type of AU overlap, reflects the complexity of the
structure of behavior as children engaged in one or more different AUs at
a time. Five types of AU overlap were coded (see Figure 2). When an AU
was non-overlapping or isolated, the child’s intention was to accomplish
one goal. When an AU overlapped with another AU, the child’s intentions
were to perform two different actions simultaneously. An example is a child
playing with a toy and watching TV. The structure of these overlapping
patterns is captured by AU overlap. An AU that encompasses one entire
other AU is called enclosing. The AU that is entirely within another AU, on
the other hand, is called enclosed. A child, for example, may try to get
his/her mother’s attention momentarily (enclosed AU) while watching TV,
which occurs over the course of several minutes (enclosing AU). Wright
found that most units of behavior are enclosed as people more often
produce short goal-directed behaviors within the context of fewer longer
goal-directed activities. As children age, Wright concluded, behavior occurs
in longer segments (featured by enclosing units), emphasizing mainten-
ance of goal-directed behaviors in the presence of potentially interrupting
action units (featured by enclosed AUs). All three dimensions of AUs –
length, amount of overlap, and type of AU overlap – reflect developmental
patterns of behavior that correlate with age (Wright, 1967). The purpose
of this study was to describe the patterns of goal-directed behaviors of
children with autism.
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Methods

Participants
Participants included eight children with autism and eight with Down
syndrome (DS) and their families. Boys between the ages of 6 and 10 years
and who participated primarily in local educational programs for students
with mild to moderate mental impairments were recruited. Special 
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Figure 2 Types of AU overlap
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education directors were asked to identify teachers of children with autism
or DS. Teachers were asked to forward two letters to parents: one describ-
ing the study and one for informed consent. Parents willing to participate
contacted the researcher directly or provided permission for the teacher to
share their phone number with the researcher. For participation, parents
received a small stipend of $25.00. Children were previously diagnosed by
other professionals not connected to this study. Children with autism met
DSM-IV criteria for autistic disorder.

The Vineland Adaptive Behavior Scales – Interview Edition (VABS)
(Sparrow et al., 1984) was administered to the child’s parent or caregiver.
T-test analyses of domain standard scores are reported in Table 1. No differ-
ences in communication (t = –0.54, n.s.) or daily living skills (t = –1.8,
n.s.) were found. Socialization skills were significantly lower for boys with
autism (t = –2.3, p < 0.05). VABS standard scores were significantly below
average and consistent with reported cognitive level for both groups of
children. School personnel, with parents’ permission, released previous
psychological assessments of cognitive levels.

While 16 participants might be considered a relatively small number
for a typical laboratory-experimental design, it is consistent with ecological
and naturalistic designs. In the latter, more weight is given to the amount
of behavior examined, e.g. total hours of observation time, or numbers of
behavioral units. In the present study, for example, a total of 31 hours 33
minutes of observation was collected which contained a total of 1182 units
of behavior. This is not to say that numbers of participants do not play a
role in understanding the findings, but to note that there are other measures
of depth of sample than just number of participants. Of course, the ultimate
criterion for both strategies is to sample to redundancy, i.e. until no new
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Table 1 Characteristics of participants

Measure Autism Down syndrome t
M SD M SD 

Age (years) 8.5 1.6 8.7 1.1 0.28 
Cognitive level 2.1 1.1 2.3 0.5 –0.57

Moderatea Moderate
VABS:

Communication SSb 39.0 15.2 42.8 12.4 –0.54
Socialization SS 48.4 9.6 66.4 20.1 –2.3*
Daily living SS 32.9 17.0 49.4 19.1 –1.8

a Overall level of retardation: 0 = borderline (70–84); 1 = mild (55–69); 2 = moderate (40–54); 3 =
severe/profound (< 39).
b Standard score.
* p < 0.05.
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data or findings emerge. Even very large sample sizes do not guarantee this.
Therefore, a variety of types of depth of sample should be considered in
any well founded overall program of research.

Setting
Participants were observed for about 2 hours in their natural environment
at home, during two behavior settings, dinner and free and open activities
(before dinner and after dinner). Observations were started at the natural
beginning of an activity (e.g. when the child started playing after eating
snack) and terminated at the natural end of an activity (e.g. when the child
finished watching TV and began to get ready for bed). Natural start and end
points were determined beforehand during the phases of orientation and
adaptation described next.

Observations
Before observations were initiated, participants completed two steps. They
were first oriented to the study and then adapted to the procedures and
equipment. Orientation consisted of informing families of the study and
the procedures. The VABS and a semi-structured interview were completed
at this time. The interview identified family members who would be
present during adaptation and the actual observation. The children were
allowed to look at and examine the stenomask (described in the apparatus
section). In the second step, the family was adapted to the observer’s presence
and the equipment. During this step, the experimenter followed the child,
spoke into the stenomask, and recorded the behavior until the child and all
other people in the environment adapted to the equipment and the
presence of the observer. Scott’s (1980) criteria for adaptation were applied.
Detailed descriptions of these steps are provided in Ruble (1998). Essen-
tially, adaptation occurred when the observer acted as a non-responding
piece of the environment and resulted when the child and the people in
the environment stopped noticing the observer (Scott, 1980). It took
approximately two 2 hour visits to gain adaptation. Each visit occurred
within 1 to 2 days. Wright’s (1967) finding that children under the age of
10 easily adapted to the observer’s presence was confirmed in the present
study.

Apparatus
Chronologs were collected with a stenomask (Schoggen, 1964). The
stenomask covers the lower half of the face, quieting the observer’s
comments and allowing the observer to quietly record all ongoing events
in the environment onto an audiotape. The stenomask was connected to
a portable tape recorder and had a switch that allowed the recorder to be
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turned on and off unobtrusively. A stopwatch was used for time nota-
tions.

Observer training
The observers consisted of six graduate students: all but one (LR) were
unaware of the purposes of the study and collected 82 percent of the
chronologs. Practice records from each observer were recorded, tran-
scribed, and critiqued until criteria established by Barker and Wright
(1955/1971) were met. Criteria included chronolog records that provided:
(1) an acceptable level of behavioral descriptions at the molar level, (2) an
acceptable level of low inference descriptions, and (3) a time-line refer-
ence.

Reliability of unitization
Each chronolog was partitioned into its naturally occurring structural units
via the AU (Scott, 1980). Two reliability analyses were conducted, after
approximately one-third and then after about two-thirds of the data had
been analyzed. Using the Scott and Hatfield (1985) method, the percent-
age of agreement was determined by adding the total number of units
agreed by both judges and dividing this number by the total number of
units. Also, the duration of behavior was part of the analysis, increasing the
ecological validity. About 45 minutes of data were analyzed for each inter-
rater reliability analysis. Two independent raters demonstrated acceptable
reliabilities of 95 and 89 percent agreement.

Categorization and reliability of categorization
Following unitization, each AU was then categorized. Three categories were
selected because they had been applied in previous ecological research
(Barker and Wright, 1955/1971; Scott, 1980) and were thought to be
related to EF. Two independent raters coded the AUs, and two separate
reliability analyses were obtained, after about one-third and after about
two-thirds of the data had been analyzed. About 60 minutes of chronolog
data were analyzed per reliability analysis. The reliabilities met an accept-
able level, ranging from 92 to 100 percent agreement for analysis 1 and
analysis 2, again using the Scott and Hatfield (1985) method.

Data transformation
In order to generate the proportional data, data transformation was applied
using a time-weighted formula (Scott and Hatfield, 1985), creating pro-
portional or percentage scores. Time-weighted percentages are proportions
of total AU time. The time-weighted formula was used to transform data for
two purposes: (1) to describe behavior that occurred throughout a particular
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unit; and (2) to answer the question of duration of goal-directed behaviors.
Because multiple individual pairwise comparisons were conducted, the 
Bonferroni procedure was applied by category in order to protect against the
risk of type I error and to minimize experiment-wise error rate (Kazdin,
1992).

Results

Behavioral output
Table 2 shows the behavioral output data. No significant difference for
observational time was found between groups (t = 0.30, p = 0.77). A total
of 1182 AUs were emitted by the children during the observations. The
mean number of AUs per group was compared and although boys with
autism had more AUs than boys with Down syndrome, the difference was
not significant (t = 2.1, p = 0.07).

Because it was possible for the children to be involved in more than
one AU at a time, in overlapping patterns (e.g. a child could be watching
TV and eating dinner simultaneously), AU time exceeded observational
time (see Table 2). No significant difference was found between groups for
AU time (t = –0.54, p = 0.59). Because observational time and AU time
revealed no differences, group differences in the content or patterns of AUs
were not likely to be an artifact of varying amounts of observation or AU
time between groups of children.
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Table 2 Behavioral output data

Diagnosis Observation time Number of Activity Activity Unit time
(min:s) Units (min:s)

Autism
Total 15:50 710 20:01
Mean 1:58 89 2:30

Down syndrome
Total 15:43 472 24:07
Mean 1:58 59 3:01

Overall total 31:33 1182 44:08
Overall range 1:46–2:07 43–139 1:58–3:47
Overall mean 1:58 74 2:45

Note: Activity Units are behaviors that occur along a constant psychological direction from the
perspective of the child (Scott, 1980).
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Length of activity units
The length of AUs by diagnosis was examined descriptively and statistically.
The mean length of the AUs was 2 minutes 35 seconds, the median length
was 30 seconds, and the modal length was 15 seconds. Of the total 1182
AUs examined, 542 units of 15 seconds duration occurred, indicating a
high percentage of very short AUs, similar to findings from previous studies
of ecological data (Barker and Wright, 1955/1971; Dumke, 1986; Wright,
1967). The mean length of the AUs was 2 minutes 16 seconds for the
children with autism and 3 minutes 24 seconds for the children with Down
syndrome (t = –2.4, p = 0.03). Children with autism exhibited significantly
shorter AUs that were approximately 1 minute less in duration.

Number of overlapping activity units
Of the total AUs, 20 percent did not overlap at any point with any other
AU, about 50 percent overlapped with one other AU, and approximately 19
percent had two overlaps. Approximately 12 percent had more than two
overlaps. A t-test of proportional scores indicated that the children with
Down syndrome had significantly more overlapping units (mean of 2.0)
than the children with autism (mean of 1.3) (t = –2.85, p = 0.01).

Type of overlap
Of the total 1182 AUs, 20 percent were non-overlapping (a unit that did
not overlap with any other unit), 11 percent were enclosing (a larger unit
that had at least one other entire unit within itself), 55 percent were
enclosed (a smaller unit that was entirely within a larger unit), and 13
percent were interlinking (a unit that partially overlapped with another
unit). These findings are consistent with Wright’s (1967) findings that the
majority of units are enclosed. Although two analyses (enclosing and
enclosed) reached a value of p < 0.05 (see Table 3), the group differences
were non-significant when the Bonferroni correction was employed (p
required for significance = 0.0125).

Discussion

Executive functions, such as carrying out volitional, planned, goal-directed
behaviors and adjusting those behaviors with flexibility to environmental
demands, have been characterized as a primary cognitive impairment in
autism (Ozonoff and Jensen, 1999) and implicated in everyday problems
experienced by persons with autism (Hughes, 2001). This study investigated
whether there was an observable difference in the EFs of everyday actions of
children with autism and children with Down syndrome. Using ecological
psychology methods, a systematic examination of naturalistic patterns of
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behavior was conducted. The patterns of goal-directed behaviors called
activity units (AUs) were examined in terms of three criteria: length, amount
of overlap, and type of overlap. These are all developmental indicators of com-
plexity and maturity of goal-directed behaviors. Children with autism exhib-
ited AUs that were about half the length and half the amount of overlap
compared to those of children with Down syndrome. In Wright’s (1967)
ecological study of children who were typically developing and physically
disabled (of average cognitive ability), he found a significant direct corre-
lation between age and mean length of duration of units, showing that shorter
AUs are more frequent in younger children and longer AUs in older children.

Fewer overlapping AUs observed in autism reflect children’s relative
difficulty engaging in more than one activity at a time. Similar to the data
on developmental course of AU length, behavior that reflects varying inten-
tions is judged as related to developmental maturity. Wright (1967)
reported an increased connectedness among the behavioral units (i.e. more
overlapping units) of older children. Older children were more adept in
generating simultaneous goal-directed activities. Pierce et al. (1997)
demonstrated that children with autism have particular difficulty process-
ing simultaneous cues. In this study, children with autism were also less
able to produce behaviors of multiple intentions simultaneously, perhaps
emphasizing the relationship in simultaneous information processing and
flexibility in meeting task demands and problem solving.

A third indicator of AU complexity was the type of AU overlap. Children
with autism tended to have more enclosing AUs (the AU contained within
it at least one other entire AU) and fewer enclosed AUs (the AU itself is
completely contained within at least one other entire AU) than their 
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Table 3 Mean percentages of AUs in type of categories by diagnosisa

Type of overlap Diagnosis T-test*
Autism Down syndrome

M SD M SD

Isolated: AU occurred without any overlap 0.23 0.09 0.13 0.09 2.03
Enclosing: AU contained at least one entire 

other AU within it 0.13 0.04 0.08 0.04 2.74
Interlinking: AU occurred at least partially 

during the course of another AU 0.10 0.06 0.13 0.09 –0.83
Enclosed: AU itself is completely contained 

within at least one entire other AU 0.51 0.10 0.64 0.08 –2.71
Interrupted: AU is discontinuous 0.00 0.01 0.01 0.01 –1.27

a Calculated as a % of each child’s total N of AUs.
* No differences significant.
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counterparts with Down syndrome. Wright (1967) found a negative corre-
lation between the number of enclosing units (larger units made up of
smaller units) and age. That is, ‘the behavior of the older children occurred
in fewer but longer segments [represented by enclosing units], which
means that older children managed to maintain goal-directed actions with
greater persistence in the face of potentially interrupting action units’
(1967, p. 12). He also found a positive correlation between enclosed units
and age. When older children engaged in a second (although simultaneous)
activity, they were able to do so while still maintaining in progress at least
some behaviors toward the first goal. The behavioral patterns of the
children with autism in this study were less complex. Compared to the
results from Wright’s (1967) study that younger children behave in a more
sequential manner, engage in one activity at a time, shift frequently from
one activity to another, and persist in a given activity for a relatively short
time, findings from the present study suggest that the children with autism
behave structurally as if they were more developmentally immature than
would be expected, based on their chronological and mental age.

These structural differences shed new information on subtle aspects of
disordered development in autism and may reflect quantitative and quali-
tative differences in behavior mediated by EFs. The inabilities to have
flexible control of attention, to inhibit competing stimuli in order to
complete goal-directed behavior, and to keep a plan in mind and carry out
the plan, reflect the patterns of behavior described by parents and teachers
(Rogers, 1998) and found in this study. The findings of shorter and fewer
overlapping AUs suggest that children with autism have difficulty persist-
ing in goal-directed behaviors and engaging in more than one activity at a
time, a skill requiring flexibility in attention, working memory, and ability
to persist in goal-directed behaviors. A word of caution is that the AUs do
not directly test underlying cognitive functions such as attention and
working memory and should be viewed as inferences.

Educational implications
The types of EF problems described above are often reflective of everyday
challenges described by parents, educators, and clinicians working with
individuals with autism. Although little research on interventions of EFs
and autism is available, Ozonoff (1998) provides detailed descriptions of
treatment approaches largely based on other disabilities. Interventions
include medication and external structuring, as well as cognitive-behavioral
and flexibility training approaches. One particular approach, external struc-
turing, has been theoretically linked to EF and autism (Mesibov et al., 1994;
Rogers, 1998). Such an approach includes the use of activity schedules
(McClannahan and Krantz, 1997). Although activity schedules were
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designed to promote independence by decreasing the likelihood of
children’s prompt dependency on adults, activity schedules also promote
maintenance of goal-directed behavior by supporting working memory
and organization. In a multiple baseline study of four boys with autism,
MacDuff et al. (1993) applied a graduated guidance approach to teach the
use of a photographic activity schedule which resulted in sustained activity
engagement. The picture stimuli appeared to serve as an ‘executive’ planner
by helping the boys persist in goal-directed activities. More research,
however, is needed on the use and outcomes of various types of external
structuring procedures that may help compensate problems of EF.

Children with autism and intellectual impairment, who are often
excluded from laboratory research studies owing to the cognitive and
language requirements of neuropsychological tests, were represented in the
present study. The generalizability, however, of these findings is unknown
as children with autism who have typical language or cognitive skills were
not included. Further research on the specificity of these findings is needed
in order to increase understanding of specific EF patterns in autism as
reflected in everyday behaviors.

Conclusion

Executive function is thought to be an important concept in examining the
regulation of an individual’s behavior, particularly with individuals with
autism. Ecological methods called chronologs were used to examine some
aspects of EF within a child’s natural habitat. The chronologs were analyzed
via activity units – goal-directed, naturally occurring segments of behavior
– which provided a useful analog for three aspects of EF described by
Barkley (2000). Children with autism, when compared with those with
Down syndrome, showed shorter AUs, fewer overlapping AUs, and less
complex AUs. Together, these findings were interpreted as suggesting that
children with autism demonstrate, in their natural habitats, some of the
deficits in EF that have also been seen in laboratory-experimental studies,
e.g. less ability than their age peers to carry out goal-directed behavior over
time, less resistance to distraction, and less complex behavior. There are
significant educational implications of these findings. Next research steps
would be to map ecological natural behaviors onto neuropsychological test
results.
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