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The role subcortical structures in cognition has been dis-
cussed for well over a century. In spite of the lingering con-
sideration of the cerebellum and basal ganglia largely as 
structures with exclusively motor functions, consideration 
that they might participate in cognition has a lengthy history. 
Although in modern medicine, interest in cerebellar impact 
on intelligence can be traced to Malacarne’s (1776) work 
(Schmahmann, 2019; Zanatta et al., 2018), the idea that the 
size of the cerebellum is related to a person’s intelligence 
can be traced back to the ancient Greek physician Erasis-
tratus (Zanatta, 2018). When Wallesch and Papagno (1988) 
reviewed the early literature about subcortical functions in 
language, they noted involvement of the following three 
luminaries. The first, Broadbent (1872), believed that the 
motor acts via which words are expressed occur in the basal 
ganglia. Wernicke (1874) expressed the belief that lesion of 
the left putamen and globus pallidus caused aphasia due to 
convergence of frontal projections there. Marie (1906) also 
believed subcortical structures to be involved in language.

Similarly, the thalamus was long believed to be a relay 
for information from the periphery to the brain (Sherman & 
Guillery, 2006). Nonetheless, it is notable that in 1959, Penfield 
and Roberts wrote about a case of thalamic aphasia and specu-
lated that the thalamus might play an integrative role in lan-
guage. Intra-operative stimulation of thalamic nuclei also was 
shown to interrupt naming or even to evoke spoken language 
in some cases (see Crosson, 1984, for a review). However, the 
serious consideration of the thalamic functions in language 
awaited the invention and widespread utilization of the com-
puterized (x-ray) tomography scan and later magnetic reso-
nance imaging (MRI), then functional MRI (fMRI). The role 
of the thalamus in memory had a somewhat different course. 

Although Gamper (1928) thought the mammillary bodies 
played a role in memory, it was the work of Victor et al. (1971) 
that invoked a role for the midline thalamus in memory, based 
on their autopsies of alcoholic Korsakoff’s patients. Unlike  
language, though, work on the thalamus and memory could be 
carried on in animal models (e.g., Aggleton, 1986; Bachevalier 
et al., 1985; Mishkin, 1982).

Aided by the advent of three-dimensional structural neu-
roimaging, interest in the cognitive functions of subcortical 
structures began to build over the last several years of the 
twentieth century. In parallel, the growing interest in cogni-
tive brain system theories overshadowed older localization 
approaches to brain functions. Over the past two decades or 
so, a growing body of research has emerged in the cogni-
tive neuroscience literature on the role subcortical structures 
play in the brain’s cognitive systems. This literature has been 
undergirded by several trends and is the main focus of arti-
cles in this special section.

One important trend involves the maturation of functional 
MRI as a tool for mapping cognitive functions onto brain 
systems as well as diffusion weighted MRI tractography for 
mapping connectivity between components of those func-
tional systems. It has become common in this literature to 
see activity changes in the cerebellum, basal ganglia, and 
thalamus. However, frequently the literature is not designed 
to address the functions of these subcortical structures, mak-
ing it difficult to interpret in that regard. The Clark et al. 
(2021) paper on the cerebellum in this special section dis-
cusses this difficulty in the context of their review. These 
authors explore how the cerebellum modulates cognitive 
functions, using attention deficit hyperactivity disorder and 
cerebellar tumors as models. Yet, the authors note the need 
for development of studies designed specifically to address 
how the cerebellum fits into brain systems to accomplish 
this modulation.

Further, this imaging literature often does not make dis-
tinctions between the various functional subunits within 
the subcortical structures, making it difficult to determine 
to which networks the subcortical activity implicates. In 
this special section, for example, Savage et al. (2021) focus 
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specifically on the anterior, medial, and midline thalamus 
and the role of these structures in learning and memory, as 
well as in flexible adaptation. They focus on animal models 
of alcohol-use disorder that are carefully tailored to paral-
lel this human disorder and to gain insight into its nature. 
Hence, the findings reviewed by these authors are critical to 
developing a detailed understanding of anterior, medial, and 
midline thalamic damage and its consequences in alcohol-
use disorders.

Spurred by the growing availability of computers in 
the latter part of the twentieth century, parallel distributed 
processing (PDP) emerged as a highly influential form of 
computational neural network modeling. The develop-
ment of this kind of modeling has been seen as bridging 
the gap between cognitive science and neuroscience and 
provided a means for constructing task-performing models 
(Kriegeskorte & Douglas, 2018). In his work for the current 
collection of papers, Nadeau (2021) analyzed the role of the 
basal ganglia and thalamus in language through the lenses 
of parallel distributed processing principles and of evolu-
tion. Although he provided an in-depth analysis of the basal 
ganglia functions, his eventual assessment is that the basal 
ganglia play only a limited role in language. On the other 
hand, he concludes that there multiple potential roles for the 
thalamus in this uniquely human function.

Interest in the question of domain specific vs. domain 
general cognitive processes has increased in the cognitive 
neuroscience literature of the past couple of decades. In their 
review of the role of corticostriatal functions in language, 
Copland et al. (2021) took a rather different, but potentially 
complementary approach to that of Nadeau (2021). The 
former authors reviewed a large body of literature on the 
topic and concluded that the impact of the basal ganglia on 
language functions falls under the rubric of domain general 
processes. Specifically, they surmised that corticostriatal 
loops serve to respond to “uncertainty and conflict which 
demands selection, sequencing, and cognitive control.”

A final recent trend represented in this special section on 
subcortical functions, is the major advances made in the defi-
nition of cortico-thalamo-cortical circuits and the physiol-
ogy of the neurons comprising them. As in the Savage et al. 
(2021) paper, these discoveries rely on animal models. Yet, in 
his paper, Crosson (2021) uses these data to describe a poten-
tial role for these circuits in selection of words for spoken 
language, a uniquely human function. He incorporates a more 
limited subset of parallel distributed processing principles 
into his model than Nadeau (2021) discusses in his paper. 
Crosson posits an interplay between cortico-thalamo-cortical  
and cortico-cortical circuits that allows for the sculpting 
of iterative semantic-lexical processes resulting in relevant 
and optimal word choice during spoken language. Essen-
tially, cortico-thalamo-cortical circuits are hypothesized 
to undergird this recurrent process with a stable semantic 

representation while cortico-cortical circuitry converts a 
semantic concept to lexical choices.

In summary, this special section for Neuropsychology 
Review discusses how cerebellar, basal ganglia, and thalamic 
structures participate in cognitive processes such as execu-
tive functions, memory, and language. The authors have 
provided up-to-date reviews with provocative hypotheses 
about the roles subcortical structures play in cognitive pro-
cesses. We hope that readers will see both convergences and 
divergences between the conclusions reached by the various 
articles in this special section, which should provide rich 
fodder for experimental hypotheses to drive future concep-
tualization and research.
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