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Abstract

Cognitive Neuropsychology (CN) has had an immense impact on the understanding of the normal 

cognitive processes underlying reading, spelling, spoken language comprehension and production, 

spatial attention, memory, visual perception, and orchestration of actions, through detailed analysis 

of behavioral performance by neurologically impaired individuals. However, there are other 

domains of cognition and communication that have rarely been investigated with this approach. 

Many cognitive neuropsychologists have extended their work in language, perception, or attention 

by turning to functional neuroimaging or lesion-symptom mapping to identify the neural 

mechanisms underlying the cognitive mechanisms they have identified. Another approach to 

extending one’s research in CN is to apply the methodology to other cognitive functions. We 

briefly review the domains evaluated using methods of CN to develop cognitive architectures and 

computational models and the domains that have used functional neuroimaging and other brain 

mapping approaches in healthy controls to identify the neural substrates involved in cognitive 

tasks, over the past 20 years. We argue that in some domains, neuroimaging studies have preceded 

the careful analysis of the cognitive processes underlying tasks that are studied, with the 

consequence that results are difficult to interpret. We use this analysis as the basis for discussing 

opportunities for expanding the field.
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Early functional imaging studies using O-15 Positron Emission Tomography (PET) 

demonstrated that it is possible to identify areas of the brain where blood flow correlates 

with performance of some task. Some of the earliest studies of language, which did consider 

cognitive architectures of tasks like reading and naming, revealed areas of the brain that 

were activated in some tasks but not others (Petersen, Fox, Posner, Mintun, & Raichle, 1989; 

Petersen, Fox, Snyder, & Raichle, 1990; Posner, Petersen, Fox, & Raichle, 1988). These 
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studies indicated that prefrontal regions were preferentially activated during a variety of 

“semantic” tasks. While the studies may not have been accurate in identifying the role of 

prefrontal regions during these tasks, they were groundbreaking in showing that areas of the 

brain are differentially activated during certain types of cognitive processing. Since that 

time, there has been an explosion of studies evaluating brain regions where measures of 

activation (e.g. the BOLD effect in fMRI) are correlated with performance on a task 

(compared to another task or baseline). However, in some cases, studies have evaluated areas 

of activation correlated with task performance without careful consideration of what 

cognitive processes are involved in the task. We propose that it is premature to identify brain 

regions that are engaged during a task without understanding the nature of the processing 

responsible for the observed activation. That is, investigations of the neural mechanisms of a 

task with functional neuroimaging without consideration of the cognitive architecture of the 

task is like putting the cart before the horse. However, the lure of neuroimaging studies has 

drawn many investigators to develop more sophisticated and fine-tuned imaging of 

activation associated with cognitive tasks in place of the arguably more difficult task of 

developing architectures and computational models of the cognitive processes underlying the 

task being investigated.

Consider the overwhelming number of functional neuroimaging studies that have 

investigated the neural processes underlying empathy. For example, one meta-analysis of the 

brain regions involved in empathy (Fan, Duncan, de Greck, & Northoff, 2011) included 40 

fMRI investigations of the following tasks:

Tasks requiring participants to observe the sensory state or emotional state of others, with 

data analysis focused on a “specifically empathy-related context.”

Tasks requiring participants to share the emotional states of others and make inferences 

about the feelings of others.

Tasks requiring participants to imagine others’ feelings or evaluate emotions from the 

perspective of another.

Tasks requiring perception of emotional or sensory states of others, if activation correlated 

with measures of the participants’ empathy.

The meta-analysis identified a “core network” of brain regions where activation correlated 

with performance across all tasks and stimuli. The network included dorsal anterior 

cingulate cortex (ACC), anterior middle cingulate cortex (aMCC), supplementary motor area 

(SMA) and bilateral anterior insula (AI). Other meta-analyses have also yielded evidence 

that AI and ACC are engaged during tasks involving empathy (Gu et al., 2012; Lamm, 

Decety, & Singer, 2011). However, these same regions are engaged in a large number of 

other emotional and social tasks (Bush, Luu, & Posner, 2000), coding of task relevance 

(Downar, Crawley, Mikulis, & Davis, 2001), conflict monitoring (Botvinick, Nystrom, 

Fissell, Carter, & Cohen, 1999), and error detection (Carter et al., 1998). What sort of 

processing is taking place in these regions? Most studies have not attempted to isolate 

distinct cognitive processes underlying empathy, beyond two complex stages or components 

– emotional contagion and cognitive perspective-taking (Shamay-Tsoory, Aharon-Peretz, & 
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Perry, 2009). Each of these functions entails a number of separable processes. For example, 

emotional contagion requires recognizing facial expressions or affective prosody in another, 

as well as experiencing the emotion oneself. Cognitive perspective-taking requires attention 

and working memory, abstract reasoning, belief attribution, and suppression of one’s own 

perspective, at least some of which can be selectively impaired by brain damage (Rankin, 

Kramer, & Miller, 2005; Rankin et al., 2006; Samson, Apperly, Kathirgamanathan, & 

Humphreys, 2005; Samson, Apperly, & Humphreys, 2007). Do all of these processes engage 

the anterior insula and dorsal anterior cingulate? Few studies have identified areas of 

activation associated with separate component processes underlying emotional contagion or 

cognitive perspective-taking. Likewise very few investigators have attempted to identify 

neurologically impaired individuals with selective damage to a particular process underlying 

empathy ((Hillis, 2014), but see (Samson et al., 2007).

Here we identify the range of domains in which there has been an attempt to develop or 

refine a cognitive architecture through the methodology of cognitive neuropsychology (CN) 

– which we define as the study of neurologically impaired individuals to identify cognitive 

processes that can be selectively impaired. Because we have narrowly defined the approach 

of CN to identifying selective impairment of particular cognitive processes, we examine 

studies that have used the single case or case series approach. In parallel we evaluate the 

range of domains in which there has been an attempt to identify the neural regions or neural 

circuitry underlying specific tasks, using functional neuroimaging or other brain mapping 

techniques (e.g. electrophysiology) in healthy participants (what we will refer to as the 

methods of cognitive neuroscience, or CNS).1 The domains were roughly based on those 

listed by on the CN webpage, “Cognition is understood broadly to include the domains of 

perception, attention, planning, language, thinking, memory and action.” We further 

subdivided some of these domains (based only our intuitions about the domains investigated 

in the two journals). The topics are not at all meant to reflect an ontology of mental 

processes, and certainly they could have been categorized differently. We also recognize that 

the goals of the two methodologies are not dichotomous. Other authors have discussed how 

functional imaging (a CNS method) can be used to develop cognitive theory (e.g. see 

Humphreys & Price, 2001; Shallice, 2003).

We propose that a mismatch in the distribution across domains in the two journals indicates 

an opportunity for cognitive neuropsychologists to explore new domains – to identify 

dissociable cognitive processes underlying tasks like empathy and other “social cognition” 

tasks, decision-making, and various tasks of “executive function.” In most cases, these 

domains do not yet have adequately developed theories to be tested by the methods of CN. 

The theory could be developed by cognitive psychologists and evaluated in people with 

brain lesions (as in, for example, Caramazza & Hillis, 1989), or could be developed by 

cognitive neuropsychologists on the basis of patterns of impaired performance by brain 

injured patients (as in, for example, Samson et al., 2005, 2007). In either case, such an 

1.Here we refer to methods of CNS as those methods that are designed to identify neural circuitry or neural mechanisms that support 
cognitive processes or representations, such as functional neuroimaging. We have excluded (from statistical analyses, but have 
included in the Table) studies of lesion-symptom mapping, because these studies often involve methods of CN to evaluate specific 
cognitive processes that are impaired, but are designed to evaluate disruptions in neural circuitry and neural mechanisms that are 
responsible for those deficits.
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endeavor would provide the critical basis for neuroimaging and lesion studies to investigate 

neural regions or networks that support particular cognitive processes. By letting the horse 

pull the cart, we can develop a more coherent understanding of the how activity in, and 

interactions between, various parts of the brain support a wide range of cognitive tasks.

Methods:

Articles reporting experimental results from Issue 1-Volume 13, 1996 to Issue 5–6-Volume 

33, 2016 (20 years) from Cognitive Neuropsychology (CN) were systematically categorized 

into one of 23 cognitive domains based on the primary hypothesis. Articles reporting 

experimental results from Issue 1-Volume 8, 1997 to Issue 12-Volume 28, 2016 from the 

Journal of Cognitive Neuroscience (JOCN) were also categorized into one of these cognitive 

domains. Articles where the major cognitive domain of study could not be clearly identified 

or was unique to that article were not included. Within each journal, articles were then 

subdivided into those studying computational models and/or patients with neurological 

impairment and those studying healthy participants (most frequently with functional 

neuroimaging). Methodology, opinion, theoretical studies, reviews, and rebuttals without 

original experimental work were not included in the analysis. Disparities between the CN 

and CNS approaches in the percentage of articles devoted to each domain of cognition were 

tested with chi squared tests, using STATA version 12. That is, we created two by two tables 

for each domain, with the rows being the number of articles investigating that domain and 

the number of articles not investigating that domain, and the columns were CN using CN 

(case study or case series) approach and JOCN using CNS approach.

For the statistical analysis, we excluded studies of lesion-symptom mapping, because these 

studies often involve methods of CN to evaluate specific cognitive processes that are 

impaired in individuals, but are designed to evaluate disruptions in neural circuitry and 

neural mechanisms that are responsible for those deficits (i.e. they represent an overlap 

between CN and CNS). Studies in CN that used healthy controls were not included in the 

statistical analyses, because we were most interested in evaluating the predominant approach 

(single case/case series methods of CN versus brain mapping methods of CNS) to studying 

each domain. Thus, we excluded even studies of healthy individuals that investigated the 

effects of temporary lesions (e.g. transcranial magnetic stimulation or direct cortical 

stimulation) on cognition because most of these used “temporary lesions” to address 

questions about the role of specific brain regions rather than cognitive mechanisms. We also 

excluded from the statistical analysis papers in JOCN that included neurologically impaired 

subjects, because virtually all of these studies used methods of CN with or without lesion-

symptom mapping. However, the articles excluded from the statistical analyses are included 

in the table (columns 3 and 4).

Finally, articles in JOCN that studied domains of cognition rarely reported in CN were 

evaluated in more detail to elucidate the specific cognitive tasks that were investigated.
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Results

Significant incongruities in the types of cognition investigated with the methods of CN 

versus the methods of CNS were identified. When comparing studies of patients with 

neurological impairment in CN versus healthy individuals in JOCN (columns 2 and 5 in 

Table 1), reading (χ2= 169.07), spelling (χ2 =96.60), grammatical processing (χ2= 16.18), 

naming (χ2=75.52), face identification (χ2 = 25.59) and semantics (χ2= 48.02) were 

significantly over-represented in studies of patients in CN. In JOCN, studies on executive 

functioning (χ2= 41.04), social cognition (χ2 = 20.18), reward/motivation (χ2 =15.48), 

auditory processing (χ2= 26.19), learning (χ2 = 41.29), and sensorimotor representation 

(χ2 =13.06) in healthy participants were significantly over-represented compared to studies 

with neurologically impaired patients in CN.

In the domain of social cognition, there was a disproportionately low number of papers that 

used methods of CN. However, there were examples of how the cognitive 

neuropsychological approach can be applied to social cognition. In CN, patient studies of 

social cognition included participants with Williams syndrome, autism, and congenital 

prosopagnosia. For example, articles on social-perceptual abilities in individuals with 

Williams syndrome (Plesa Skwerer, Verbalis, Schofield, Faja, & Tager-Flusberg, 2006) and 

representation of others’ actions in those with autism (Sebanz, Knoblich, Stumpf, & Prinz, 

2005) both investigated theory of mind in neurodevelopmental disorders. In JOCN, topics 

such as empathy, social emotion processing, social memory, sociability and interpersonal 

competence, self-referential processing, and perception of status cues were common topics 

of investigation. Some studies in JOCN did use methods of CN, studying patients with 

lesions to the amygdala (Adolphs, Baron-Cohen, & Tranel, 2002) or ventromedial prefrontal 

cortex (Karafin, Tranel, & Adolphs, 2004), or with frontotemporal dementia, autism, or 

Williams syndrome (Njomboro, Deb, & Humphreys, 2008). These studies of neurologically 

impaired individuals in JOCN (like studies of healthy individuals in CN) were not included 

in our statistical analyses.

Executive functioning was highly over-represented in JOCN compared to CN (Figure 1). 

Nevertheless, there were some studies of disruptions in executive function in neurologically 

impaired patients published in CN. These studies investigated topics such as selection 

equivocation and working memory (Morris, Miotto, Feigenbaum, Bullock, & Polkey, 1997), 

task switching (Kumada & Humphreys, 2006), and conflict adaptation (Funes, Lupiáñez, & 

Humphreys, 2010)2. There were also notable papers in JOCN that used the approach of CN 

to investigate disruptions in cognitive control (e.g. (Di Pellegrino, Ciaramelli, & Làdavas, 

2007); working memory (e.g. (Müller, Machado, & Knight, 2002); and predictive judgments 

(Gomez-Beldarrain, Harries, Garcia-Monco, Ballus, & Grafman, 2004).

One of the greatest disparities between CN and JOCN was noted in the domain of reward-

related cognition. There were no studies in CN (using CN methods or otherwise) where the 

research focused on reward processing. In contrast, in JOCN reward-related topics included 

2.It may be worth noting that a large proportion of studies using case study methodolgy of CN to investigate social cognition, 
decision-making (including reward/motivation), and “executive function” were published by the late Glyn Humphreys and his 
colleagues.

Agis and Hillis Page 5

Cogn Neuropsychol. Author manuscript; available in PMC 2018 October 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



effects of reward expectation on cognition; reward valence; risk-taking; sensitivity to reward; 

and reward information coding. There were a few papers in JOCN using the methods of CN 

to study reward and decision-making, including papers on reward-related reversal learning 

after lesions in dorsolateral prefrontal or orbitofrontal cortex (Hornak et al., 2004) and 

evaluation of delayed rewards in individuals with ADHD compared to controls (Fassbender 

et al., 2014).

There were seven articles related to auditory domains of cognition in CN, and all of these 

articles focused on music processing. These studies included patients with congenital amusia 

(e.g. (Phillips-Silver, Toiviainen, Gosselin, & Peretz, 2013) and right hemisphere damage 

(e.g. (Schön, Lorber, Spacal, & Semenza, 2004). Although music was a common focus of 

auditory processing research in JOCN, articles on auditory attention, auditory priming, 

auditory working memory, and auditory discrimination were also sources of investigation in 

JOCN. Again there were a few papers using the approach of CN that were published in 

JOCN, including a study of enhanced pitch sensitivity in autism (Bonnel et al., 2003) and a 

study of neglect of auditory objects after right hemisphere lesions (Cusack, Carlyon, & 

Robertson, 2000).

Although many memory studies were published in CN, studies focused on the cognitive 

mechanisms underlying the process of learning per se were rarely published in CN. In 

JOCN, neuroplasticity, visuomotor learning, priming, reinforcement learning, language 

learning, and observational learning were all sources of investigation in healthy individuals. 

There were also a handful of studies applying methods of CN to investigate specific 

impairments in learning published in JOCN. Examples include studies of probabilistic 

learning and reversal associated with basal ganglia and hippocampal lesions (Shohamy, 

Myers, Hopkins, Sage, & Gluck, 2009) and startle habituation in Parkinson Disease (Chen et 

al., 2016).

Some cognitive tasks within the language domain (reading, grammatical processing, 

naming, and spelling) were overrepresented in CN compared JOCN. Studies of semantics 

were also published mostly in CN, including studies of category specific semantics (e.g. 

dissociations in recognition between living versus non-living things). Finally, investigations 

of identification of faces and facial expressions were more frequently published in CN than 

in JOCN. However, a few studies of the impaired cognitive mechanisms underlying 

congenital prosopagnosia appeared in JOCN (Bentin, DeGutis, D’Esposito, & Robertson, 

2007).

Discussion

This brief review demonstrates that there is a mismatch in the domains of cognition that 

have been studied through the methods of CN (defined here as single case studies or case 

series of individuals with brain damage) and those that have been studied by the brain 

mapping methods of CNS. There has been an overwhelming emphasis on language, 

semantics, and face identification in CN single case/case series studies and a 

disproportionate emphasis on social cognition, decision-making (including reward/

motivation), learning, and “executive function” in CNS brain mapping studies. This 
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difference may be understandable because the latter domains seem to consist of tasks that 

are less clearly decomposable into distinct cognitive processes (based on the computational 

demands or selective deficits after brain damage). But it is not the case that domains of 

social cognition, decision-making, learning, and executive function are less affected by 

neurological disease. Finding patients with selective deficits in these domains may require 

evaluating patients with neurodegenerative disease (e.g. frontotemporal dementia), 

developmental disorders (autism, Williams syndrome), and traumatic brain injury, as well as 

patients with right hemisphere stroke. In fact, there have been many studies of theory of 

mind and some aspects of social cognition in individuals with developmental disorders like 

autism (cf Shu, Lung, Tien, & Chen, 2001; Travis & Sigman, 1998 for reviews) and 

Williams syndrome (cf Martens, Wilson, & Reutens, 2008 for review), published mostly in 

other journals. Likewise, there are many neuropsychological group studies of executive 

dysfunction in people with diffuse neurological diseases like dementia (Barba, Nedjam, & 

Dubois, 1999) and traumatic brain injury (Duncan, R., Johnson, M., Swales, C., Freer, J., 

1997), as well as focal injury (Burgess, Veitch, de Lacy Costello, & Shallice, 2000), the 

majority of which are published in other journals (cf Duke & Kaszniak, 2000; Hill, 2004 for 

reviews). But single case studies could be carried out in individuals with focal brain damage 

and provide complementary evidence to refine the architectures in these domains.

The absence of focal lesions in some of these conditions might make it difficult to draw 

conclusions about the region of the brain responsible for the deficit, but would not preclude 

or even weaken the ability to draw inferences about what cognitive processes can be 

selectively impaired by brain damage. Studies of patients with impaired social cognition, for 

example, could provide evidence for the distinct cognitive processes underlying tasks such 

as recognition of affective prosody (Wright et al., 2015), recognition of emotional facial 

expression (Philippi, Mehta, Grabowski, Adolphs, & Rudrauf, 2009), affective empathy 

(Hillis, 2014; Samson, Apperly, Chiavarino, & Humphreys, 2004), and so on.

One explanation for the difference in domains investigated using CN single cases/case series 

methods versus CNS brain mapping methods is that the two approaches are simply more 

suitable for some processing domains than others. Single-case studies and case series are 

best conducted in domains where patterns of performance across tasks characterize and 

quantify each patient’s deficit, such that deficits can be contrasted (see Shallice, 2015 for 

detailed discussion). Nevertheless, some investigators have tackled the challenging task of 

examining selective deficits to component processes in brain damaged patients in the domain 

of executive function using the single case study approach (e.g. (Kumada & Humphreys, 

2006).

In some domains, such as memory and object recognition, there has been a great deal of 

work using both methods of CN and CNS. In these domains, functional neuroimaging 

studies have identified neurocircuitry that supports discrete cognitive processes. Even in 

domains that have been studied more using CN methods, there have been excellent instances 

of combining both methods. Thus, for example, there are investigations of neural activation 

associated with discrete cognitive processes underlying reading (McCandliss, Cohen, & 

Dehaene, 2003), spelling (Purcell, Turkeltaub, Eden, & Rapp, 2011; Rapp & Dufor, 2011), 

naming (Kemeny et al., 2006), as well as studies of lesions associated with specific cognitive 
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processes underlying reading (Rapcsak et al., 2009), spelling (Rapp, Purcell, Hillis, Capasso, 

& Miceli, 2016), and naming (DeLeon et al., 2007). We submit that these studies have been 

possible because of the decades of work developing a cognitive architecture of these tasks, 

in part using contrasting patterns of performance in brain damaged patients. We propose that 

to keep CN vital and impactful it is essential to expand the domains of investigation. It is 

difficult work, and may require studying populations of neurologically impaired individuals 

that have not been commonly studied by cognitive neuropsychologists, including patients 

with behavioral variant frontotemporal dementia, autism, and schizophrenia (to investigate 

the cognitive processes underlying specific social cognition tasks).

Limitations of our review include the fact that we only searched two journals for studies 

using each method. We recognize that studies using CN methods are published also in many 

other journals of cognition, language, psychology, aphasia, clinical neurology, and 

neuroscience. Likewise, studies using CNS methods are published in journals of 

neuroimaging, neurology, neuroscience, and so on. Nevertheless, we selected these two 

journals as representative of the respective approaches (as we have defined them). Another 

limitation is that it was not always possible to definitively classify articles into specific 

domains. Finally, we cannot rule out that the differences in types of studies published in 

each journal are influenced by preferences of the editorial board or the reviewers. It is also 

likely that authors tend to submit work to a journal that has published previous papers on the 

topic of their manuscript. These weaknesses were partially mitigated by excluding papers in 

CN that employed methods of CNS (as we defined it) and papers in JOCN that employed 

methods of CN from our statistical analyses.

Despite its limitations, this brief review underscores the need to develop cognitive 

architectures of a wide range of tasks. Brain mapping techniques such as functional imaging, 

if properly designed, can provide insights into the architecture of cognitive tasks (see 

Henson, 2005; Shallice & Cooper, 2011), although only a small percentage have been 

designed to inform cognitive theory (Tressoldi, Sella, Coltheart, and Umilta, 2012). Studies 

that examine activation or lesions associated with tasks, without considering or testing an 

architecture that specifies the underlying representations and processes of the task being 

investigated, are often premature. Thus, we believe there is an opportunity for cognitive 

neuropsychologists to use case studies or case series of brain damaged patients to develop 

and test cognitive theory in a broader range of processing domains.
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Figure 1. 
Pie charts showing the distributions of papers across domains, for papers in CN (using CN 

methods; top) and papers in JOCN (using CNS methods; bottom)
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Table 1.

Distribution of Articles Across Domains of Research in each Journal

Cognitive Neuropsychology (n=621) Cognitive Neuroscience (n=2455)

Topic Neurological Impairment Healthy Individuals Neurological Impairment Healthy Individuals

Reading 102 (16.4%) * 1 (0.2%) 8 (0.3%) 72 (2.9%)

Spelling 27 (4.4%) * 0 (0%) 0 (0%) 2 (0.1%)

Word Comprehension 25 (4.0%) 1 (0.2%) 2 (0.1%) 57 (2.3%)

Grammatical Processing 26 (4.2%) * 0 (0%) 9 (0.4%) 39 (1.6%)

Sentence Processing 18 (2.9%) 0 (0%) 8 (0.3%) 77 (3.1%)

Naming 35 (5.6%) * 0 (0%) 6 (0.2%) 16 (0.7%)

General Language 20 (3.2%) 2 (0.3%) 9 (0.4%) 65 (2.7%)

Face Identification 44 (7.1%) * 14 (2.3%) 9 (0.4%) 69 (2.8%)

Vision 33 (5.3%) 3 (0.5%) 46 (1.9%) 235 (9.6%)

Semantics 40 (6.4%) * 1 (0.2%) 9 (0.4%) 38 (1.6%)

Object Representation 20 (3.2%) 2 (0.3%) 6 (0.2%) 76 (3.1%)

Body Representation 13 (2.1%) 2 (0.3%) 3 (0.1%) 20 (0.8%)

Mathematical Processing 17 (2.7%) 1 (0.2%) 2 (0.1%) 41 (1.7%)

Attention 10 (1.6%) 3 (0.5%) 6 (0.2%) 95 (3.9%)

Memory 69 (11.1%) 7 (1.1%) 25 (1.0%) 263 (10.7%)

Spatial Cognition 33 (5.3%) 3 (0.5%) 20 (0.8%) 80 (3.3%)

Auditory Processing 7 (1.1%) 0 (0%) 11 (0.5%) 153 (6.2%) *

Executive Function 8 (1.3%) 0 (0%) 18 (0.7%) 224 (9.1%) *

Learning 0 (0%) 2 (0.3%) 19 (0.8%) 155 (6.3%) *

Sensorimotor Representation 19 (3.1%) 4 (0.6%) 16 (0.7%) 173 (7.1%) *

Emotion 4 (0.6%) 0 (0%) 9 (0.4%) 71 (2.9%)

Reward/Motivation 0 (0%) 0 (0%) 8 (0.3%) 60 (2.4%) *

Social Cognition 4 (0.6%) 1 (0.2%) 16 (0.7%) 109 (4.4%) *
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