
et al. 2005), we did not find significant group differences

in behavioral effects of orienting.

For orienting, while behavior was similar between

groups, differences in the neurophysiological data deserve

further discussion. Greater activation for the validity

effect (and subcomponents of disengaging and moving/

engaging in key regions of the default-mode network

(DMN) (mid/posterior cingulate cortex, and pregenual

ACC, superior temporal gyrus, and angular gyrus) as well

as in regions of the task-positive network (TPN) (anterior

insular cortex, TPJ, IPL, and fusiform gyrus) for the

HC > ASD contrast may indicate more task-related effort

(decreased DMN, increased TPN) in the ASD group. This

greater task-related effort could imply a form of compen-

sation for behavioral performance in orienting. Inconsis-

tencies in orienting deficits may be attributable to at least

two major factors: (1) cerebellar and/or parietal abnor-

malities, not present in ASD patients in the present sam-

ple, are a likely contributor to orienting deficits

(Townsend et al. 1996a); (2) recent evidence suggests that
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Figure 4. Brain activation associated with flanker conflict effect in

healthy controls (HC) (A) and individuals with autism spectrum

disorders (ASD) (B) during the attention network test. The color was

scaled from t >2.51 to 5 for individual group maps. Behavioral

performances measured by error rate (C) and reaction time (RT) (D)

under congruent and incongruent conditions for the HC and ASD

groups. Error bars represent the standard error under each condition;

analyses of equality of the linear relationship between conflict effects

in error rate and ACC activation (E), and between conflict effects in

RT and ACC activation (F), in HC and ASD groups.

Table 3. Conflict-related activation in healthy controls.

Region

L /

R BA

MNI coordinates

Z Kx y z

Inferior parietal lobule1 R 7 26 �48 52 5.07 1679

Superior parietal lobule R 7 22 �62 58 4.29

Inferior parietal lobule R 40 36 �40 52 4.15

Inferior frontal/

orbitofrontal gyrus2
R 47 50 20 �4 4.73 611

Anterior insular cortex R 34 26 0 2.99

Inferior frontal/

orbitofrontal gyrus

R 47 36 24 �12 2.78

Inferior occipital gyrus L 19 �42 �68 �12 4.61 981

Cerebellum (Crus 1) L �36 �62 �28 3.75

Inferior occipital gyrus L �44 �82 �4 3.73

Superior occipital gyrus R 19 36 �76 8 4.19 195

Mid-occipital gyrus R 18 34 �84 6 3.65

Inferior occipital gyrus R 19 38 �84 �4 3.39

Anterior insular cortex2 L �34 18 �10 3.89 603

Anterior insular cortex L �42 16 �6 3.89

Anterior insular cortex L �34 22 �2 3.22

Anterior cingulate

cortex

R 32 4 16 46 3.89 1084

Anterior cingulate

cortex

R 24 4 22 34 3.63

Supplementary motor

area

L 6 �8 2 52 3.29

Precentral gyrus L 6 �30 �10 52 3.74 363

Precentral gyrus L 6 �26 �6 46 3.56

Precentral gyrus L 6 �34 �8 42 2.94

Superior frontal gyrus3 R 6 26 0 52 3.66 329

Precentral gyrus R 6 44 0 44 2.99

Precentral gyrus R 6 40 �2 52 2.61

Mid-occipital gyrus R 19 30 �66 34 3.65 189

Mid-frontal gyrus R 46 28 48 16 3.41 251

Mid-frontal gyrus R 46 30 52 26 3.38

Superior parietal lobule1 L 7 �26 �50 52 3.37 404

Precuneus L 5 �10 �56 58 3.35

Superior parietal lobule L 7 �24 �44 46 3.16

Inferior frontal gyrus R 44 54 14 32 3.19 218

Inferior frontal gyrus R 45 48 24 22 3.07

Precentral gyrus R 6 44 2 34 2.73

Postcentral gyrus L 2 �38 �34 42 3.10 189

Postcentral gyrus L 2 �36 �38 58 2.92

L/R, left/right; BA, Brodmann area; MNI, Montreal Neurological Insti-

tute.
1Area along and near the intraparietal sulcus.
2Frontoinsular cortex cluster.
3Frontal eye fields.
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orienting deficits in ASD may be more related to social

than nonsocial cues (Greene et al. 2011), a factor that

could explain the lack of orienting deficits in this study

(nonsocial cues were used), as well as inconsistencies in

the literature.

Our results also show significant behavioral deficits of

the executive control network in ASD relative to HC. Sig-

nificant group differences in conflict processing of execu-

tive control were associated with, as hypothesized,

abnormal ACC activation in ASD. However, unlike previ-

ous studies, we found an absence of ACC activation

rather than hypoactivation. In addition, higher error rates

were associated with the lack of activation in the ACC in

ASD. That is, dysfunction of the ACC resulted in a higher

error rate. Conflict-related ACC activation was negatively

correlated with the conflict effect measured in RT, sug-

gesting that ACC activation is related to efficiency of

resolving conflict. Furthermore, increased number of

symptoms in the domain of communication and language

was related to less efficient conflict processing. Overall,

these results indicate both behavioral and neural abnor-

malities in the executive control of attention in ASD and

a direct association with symptom domains in ASD.

The significant ACC deficit during conflict processing

may represent a fundamental deficit in ASD. This study

shows abnormal (in fact, absent) ACC activation in ASD

relative to HC in the anterior rostral cingulate zone

(RCZa), a “cognitive” region of the ACC. Reduced

metabolism (Haznedar et al. 1997) and reduced frac-

tional anisotropy in white matter underlying the ACC

(indicating abnormal microstructural integrity of the

white matter) in ASD (Thakkar et al. 2008), and new

evidence from our recent magnetic resonance spectros-

copy study of the attentional networks in ASD showing

lower glutamate/glutamine concentration in the right

ACC (Bernardi et al. 2011), may explain this absence of

ACC activation during conflict processing. Previous stud-

ies on ASD have also shown hypoactivation in the RCZa

for conflict processing to response shifts (Shafritz et al.

2008), social–cognitive stimuli (Dichter and Belger 2007)

and response inhibition (Kana et al. 2007), and reduced

discrimination between errors and correct responses in a

subregion defined as an affective division of the ACC

(Bush et al. 2000). Higher error rates are typically related

to greater ACC activation for conflict monitoring. While

we found a negative correlation between ACC activation

and error rates in the ASD group, there was no such

correlation in the HC group. We speculate that

decreased ACC activity is associated with low awareness

(which is also associated with more errors), particularly

in individuals with ASD.

The ACC, coupled with other brain areas such as the

anterior insular cortex, plays a major role in executive

control of attention (Bush et al. 2000; Posner and Fan

2008), response selection, preparation, execution (Frith

et al. 1991), and emotion (Bush et al. 2000). Lack of con-

trol may lead to deficits in reciprocal social interaction,

communication and language, and repetitive, stereotyped

activity, as well as other behaviors commonly associated

with autism. The current finding of an intact frontopari-

etal network in conflict processing in ASD distinguishes

the ACC from the frontoparietal network, consistent with

recent work by other groups (e.g., Dosenbach et al. 2008).

It has been suggested that the ACC is involved in rapid

information processing, whereas the frontoparietal

Table 4. Conflict-related activation in individuals with ASD.

Region

L /

R BA

MNI coordinates

Z Kx y z

Anterior insular cortex2 R 32 16 4 4.59 807

Inferior frontal/

orbitofrontal gyrus

R 47 42 22 �12 3.41

Mid-occipital gyrus R 19 34 �84 2 3.83 177

Inferior frontal gyrus R 44 52 10 30 3.63 400

Inferior frontal gyrus R 44 38 8 32 3.05

Inferior frontal gyrus R 44 46 26 30 2.95

Mid-occipital gyrus L 19 �24 �64 32 3.61 1063

Superior parietal lobule1 L 7 �28 �52 58 3.40

Inferior parietal lobule L 40 �32 �52 42 3.37

Anterior insular cortex2 L �32 26 2 3.37 187

Anterior insular cortex L �32 16 8 3.14

Inferior parietal lobule1 R 40 32 �50 44 3.10 788

Inferior parietal lobule R 19 30 �62 32 3.09

Superior parietal lobule R 7 30 �62 58 2.84

Precentral gyrus L 6 �44 0 26 3.06 145

Precentral gyrus L 44 �50 6 32 2.80

ASD, autism spectrum disorder; L/R, left/right; BA, Brodmann area;

MNI, Montreal Neurological Institute.
1Area along and near the intraparietal sulcus.
2Frontoinsular cortex cluster.
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network underpins more deliberate, adaptive control (Garavan

et al. 2002; Kana et al. 2007; Dosenbach et al. 2008). Defi-

cits in attentional domains may manifest when there is a

requirement for rapid executive control during conditions

involving high demands on information processing.

Although alterations in ACC activity are not specific to

ASD, the heterogeneity of autistic symptoms may be

related to ASD-specific abnormalities in structural and

functional connectivity of the ACC with other brain

structures and networks interacting with different cogni-

tive domains. One recent study has shown that ASD is

associated with deficits in the frontoparietal network,

related to executive control (Solomon et al. 2009). How-

ever, current results indicate that the deficit is more local-

ized; between-group differences in other regions such as

the frontoparietal network and the anterior insular cortex

were not significant. Further examination of the present

attentional network deficits in ASD relative to other neu-

rodevelopmental and psychiatric disorders will be neces-

sary to test the specificity of the present patterns.

Although deficits in the MFG and caudate are tentative,

given few studies specifically examining these regions

relating to alerting, the ACC abnormality may constitute

a fundamental deficit which is related to other cognitive

domains. Knowledge of deficits in alerting and executive

control could be used to facilitate new adjunctive inter-

ventions for individuals with ASD, thus satisfying an

important initiative to develop ASD-specific neurobehav-

ioral domains.
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