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Chapter 6
General Discussion
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General Discussion
The aim of this thesis was to elucidate structural and functional properties of neuronal 
networks in the association cortex of rodents and humans. We used the whisker system 
in awake, behaving rodents to study spatiotemporal spiking activity profiles of single 
neurons (Ch2,Ch3) and neuronal ensembles (Ch3,Ch4) during tactile sensory percep-
tion and active whisker motion. We further used a cognitive paradigm to probe mecha-
nisms employed by PPC during attentive behavior (Ch4). To validate the extrapolation 
of these results to the human brain, we contrasted structural and functional properties 
of human neurons with rodent neurons (Ch5). Our results provide detailed insights into 
information processing mechanisms employed by the association cortex during senso-
rimotor and cognitive control of whisker tactile behavior. Furthermore, we present struc-
tural features unique to human cortical neurons suggesting caution before extrapolating 
results obtained from common laboratory animals to human cortex. In short, this thesis 
puts forward multiple, previously unknown aspects about the organization of associa-
tion cortex and presents a framework in which organizational and functional principles 
of the association cortex microcircuit can be studied across species. 

Single cell resolution is essential to decode cortical networks
The large diversity of neuronal and non-neuronal cell types form the fundamental scaf-
fold that allows the brain to execute computational demands leading to a large repertoire 
of cognitive behaviors (Golgi 1989; Jessen 2004; Masland 2004; Narayanan et al. 2015; 
Zeisel et al. 2015). Understanding the architectural blue print of neuronal circuits is an 
effective strategy to decipher how the brain works. It could be argued even that reveal-
ing the functional properties of individual cell types and communication mechanisms 
utilized between specific groups of neurons is absolutely necessary to understand how 
neuronal networks control behavior (Mountcastle 1997; Markram 2006; Helmstaedter 
et al. 2007; Klausberger and Somogyi 2008; Oberlaender et al. 2011; Markram 2012; 
Oberlaender et al. 2012; Markram et al. 2015; Narayanan et al. 2015). 

Using a toolbox of different methods to study the organizational principles of associa-
tion cortex in rodent and human, we discovered layer-specific processing of sensori-
motor processing in rodent PPC. The layer-specificity of PPC function compares to 
primary somatosensory cortex (S1) in rat or cortical circuits in general (sensory, motor 
and prefrontal areas) which have been characterized by a layer-specific cytoarchitec-
ture and associated layer-specific functions (de Kock et al. 2007; O’Connor et al. 2010; 
Boudewijns et al. 2013; Narayanan et al. 2015).  We also revealed functional soma-
totopy in PPC where the representation of ventral to dorsal whiskers is structured along 
the lateral-medial axis. This somatotopical organization was suggested before, but only 
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based on anatomical (low-resolution) tracing studies and our single unit recordings thus 
for the first time show that somatosensory processing of individual whiskers maintains 
the segregation well-known for the trigemino-thalamo-cortical pathway.  PPC is also 
found to contribute towards multisensory processing (Olcese et al. 2013), so it is an 
appealing question to address how somatotopy for a single sensory modality compares 
to topographical organization while integrating additional sensory modalities, such as 
vision. Our results indicate that somatotopy for individual sensory modalities need to 
be mapped specifically after identifying preferred (and unpreferred) combinations of 
sensory stimuli at different locations in PPC, to study the full spectrum of multi-sensory 
integration. Additionally, our novel finding of somatotopy in rodent PPC could imply that 
human association cortex is also  characterized by topographical organization with sub-
areas displaying specific functional or structural organizational principles. In chapter 
5 (human association cortex), we carefully archive the origin of human tissue (typi-
cally gyrus temporalis medium (Brodmann area 21), occasionally gyrus temp. inferior or 
gyrus temp. superior), 2–6 cm posterior with respect to the temporal pole) but we cannot 
exclude that single-cell architecture varies across gyri or in the centimeter range within 
the gyrus temporalis medium. Based on the level of somatotopy within the small strip 
of rodent PPC (1.5 mm by 3.5mm), it is tempting to speculate on functional sub-areas 
of human association cortex, although the tools are currently missing to consistently 
study this at millimeter resolution. When our database of single-neuron reconstructions 
from human association cortex increases, we may be able to quantify area-specific 
morphology which can then be combined with functional mapping of temporal cortex 
sub-domains by the neurosurgeon prior to the resection procedure.

Single cell resolution is also crucial in the attempt to define a set of classified cell-types. 
In cortical research in rodents, a well-defined parameter space for excitatory (principle) 
pyramidal neurons is emerging with ~10 individual cell-types across layers (Harris and 
Shepherd 2015; Narayanan et al. 2015)  but for (GABAergic) interneurons, the crite-
ria for cell-type classifications and number of unique interneuron subtypes is currently 
topic of hot debate (Whittington and Traub 2003; Petilla Interneuron Nomenclature et al. 
2008; Kepecs and Fishell 2014; Tremblay et al. 2016). The cellular architecture of hu-
man brain is largely understudied, simply because it is  rare to find the critical expertise 
clustered within a single neurophysiology lab, including a neurosurgeon providing living 
human brain tissue, neurophysiologists for patch clamp recordings, single cell histology 
and finally, state-of-the-art 3-dimensional reconstructions of single-cell morphologies. 
Our database of n=91 morphologies is therefore unique and actually incomparable to 
previously attempts using Golgi stainings. The conceptual advance is therefore mainly 
in cross-comparison to mouse temporal cortex reconstructions from our own lab and not 
necessarily to previously published quantitative analyses on human cell types. The only 
available data is mostly qualitative (not quantitative) and typically does not go beyond 
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an anecdotal example. The large-scale collaborative efforts such as the B.R.A.I.N. pro-
ject, Human Brain Project as well as the Allen Brain Institute initiative to define human 
cell-types will without doubt contribute to breakthroughs in understanding the cellular 
building blocks in human and what is unique about these building blocks with respect to 
rodent and non-human primates (Lake et al. 2016).

PPC reliably represents whisker-guided behavior.
The PPC is a center for integrating sensory information and generating motor plans to 
drive appropriate behavior across species (Kolb and Walkey 1987; Chen, Lin, Barnes, 
et al. 1994; Chen, Lin, Green, et al. 1994; Andersen 1997; Andersen et al. 1997; Snyder 
et al. 1997, 1998; Fox et al. 2003; Nitz 2006; Cui and Andersen 2007; Reep and Corwin 
2009; Raposo et al. 2012; Raposo et al. 2014; Aflalo et al. 2015; Hanks et al. 2015; 
Pisupati et al. 2016). It is embedded in the somatosensory (whisker) system by strong 
reciprocal connectivity with sensory (S1) and motor regions (AGm) (Reep et al. 1994; 
Lee et al. 2011; Olsen and Witter 2016)(Wilber et al FrontNeuralCirc2014). Results from 
our study show representation of somatotopy to be limited to subthreshold activity and 
not observed in representation of suprathreshold activity. Similar coding principles were 
also shown previously for multi-sensory integration. Additionally, supra-threshold rep-
resentation of sensory information was disrupted by optogenetic activation specifically 
of  PV-positive interneurons (Olcese et al. 2013). Since PPC integrates multimodal sen-
sory inputs, suprathreshold activity resulting from integration of multisensory informa-
tion might be an efficient filtering mechanism to only represent salient features of multi-
sensory information. To fully understand the organizational principles of multi-sensory 
representation/integration in PPC, it will be essential to record across the 3-dimensional 
space of PPC during auditory and/or visual processing to reveal tonotopy, retinotopy 
and the overlap of the topography of different sensory modalities. Eventually, this strat-
egy will not only disentangle the information pathways adopted by individual sensory 
modalities but also the mechanisms utilized to integrate sensory information leading to 
a unified perception of the external world.

Integration in PPC of information streams does not only involve sensory modalities, but 
also the integration of motor with sensory information. One example is for instance from 
primate where PPC is found to build appropriate motor plans to successfully control 
arm movements (Cui and Andersen 2007; Andersen and Cui 2009). Such movements 
require fine hand-eye coordination and hence integration of sensory visual input with in-
ternally generated motor plans is critical and is coded in primate PPC (Andersen 1997; 
Andersen et al. 1997; Avillac et al. 2007; Cui and Andersen 2007). We found that effer-
ent copy (representing whisking behavior) was encoded differently across layers with 
superficial and deep layers responding with increase in spiking activity while middle lay-
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ers did not modulate significantly. It is not known whether related whisker motor areas 
have comparable coding strategies, but this information is fundamental to comprehend 
all aspects of active whisker use and to close the sensorimotor loop. 

In addition to well-known PPC functions (sensorimotor coding, movement planning), 
PPC is also involved in spatial representation while traversing a path and also in gener-
ating world centric and egocentric reference frames, all necessary for navigation (Tor-
realba and Valdes 2008; Whitlock et al. 2008; Reep and Corwin 2009; Whitlock 2014; 
Wilber et al. 2014). The presence of whisking phase information in PPC discovered in 
our study could therefore be linked to coding of a whisking coordinate map (egocentric 
reference frame). Such a reference frame would be important to identify the location 
of whiskers corresponding to a world centric coordinate frame generated from multiple 
sensory inputs. Furthermore, such reference frames could also be used to build whisker 
motor plans with the computed coordinates from sensory inputs and communicate with 
other target regions involved in generating efferent copies (Harvey et al. 2012)/record> . 
Decoding such mechanisms would require experiments where rats would need to use 
a range of different whisking behaviors to complete a task or obtain rewards. Recording 
from PPC ensembles during such behavior can help delineate more fine aspects of mo-
tor processing including the presence of whisker reference frames and further establish 
the role of rodent PPC in spatial navigation. Furthermore, the presence of layer specific 
spiking activity during sensorimotor processing and differential phase tuning to whisking 
angles in superficial, middle and deep PPC layers indicate the need for circuit recon-
struction with single cell resolution to identify the distribution of cell types across layers 
and to link layer-specific activity to relevant cell-types involved. The weak correlation 
between behavioral paradigms and single cell coding however motivated us to switch 
from juxtasomal single unit to ensemble recordings with the significant disadvantage 
that single-cell identity cannot be obtained from ensemble recordings. It is probably pre-
ferred that functional studies in PPC are performed with ensemble recordings (silicon 
probes, tetrodes, 2-photon imaging) but that circuitry reconstruction is achieved through 
separate experiments. 

Interneurons, like pyramidal cells, are found to be distributed differently across layers 
with different types of interneurons exerting distinct control on pyramidal cells (Petilla 
Interneuron Nomenclature et al. 2008; Kepecs and Fishell 2014; Tremblay et al. 2016) 
. Layer-specific activity and differential tuning preference could very well be explained 
by contrasting sets of interneurons recruited in different layers during sensorimotor pro-
cessing in PPC (Lee et al. 2013). Furthermore, spectral analysis of local field potential 
along with cell specific spiking activity across layers can offer deep insights into phase 
locking of these neurons to different frequencies. Since interneurons are known to con-
tribute significantly in generating different frequencies in the brain (Cobb et al. 1995; 
Wang and Buzsaki 1996; Whittington and Traub 2003), probing into cell type specific in-
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teractions with various frequency spectra can help decode precise coding mechanisms 
in PPC during sensorimotor behaviors. One immediate application of these studies 
would be in advancing capabilities of neural prosthetics in sensorimotor control (Aflalo 
et al. 2015). By recording activity of individual cell types followed by deciphering the in-
formation processing mechanisms among neuronal networks in PPC during sensorimo-
tor behavior, data relevant to different aspects of motion and sensory processing can be 
isolated. Once activity from specific cell types and frequencies coding for sensorimotor 
behavior can be recognized, machine learning can be used to train algorithms specifi-
cally from these data sets to advanced neural prosthetic devices.  

Parietal association cortex is recruited during attentive processing 
of whisker sensorimotor behavior.
We provide evidence that PPC is involved in sensorimotor behavior (CH3) as well as in 
attention-related processing (CH4). In view of existing literature and the wide range of 
cognitive behaviors associated to PPC function, the question remains what the appro-
priate experimental setting is to study PPC function. For instance, PPC can be studied 
under simple conditions (isolated tactile processing, CH3) and under conditions of mod-
erate cognitive load (texture discrimination and attention, CH4). However, conditions of 
high cognitive load will be unexplored under these regimes and the PPC network may 
not be appreciated for its full cognitive capacity. With results obtained from our studies, 
we can strongly conclude  rodent PPC as a center for sensorimotor integration suggest-
ing PPC to function as a gateway, filtering relevant sensory data using cognitive mecha-
nisms like attention to build reference frames depending on environmental demand. 
Such reference frames could then be utilized to generate appropriate motor plans and 
communicate with downstream cortical and subcortical regions to drive behavior apt for 
survival or current need. 

Mismatch signals are thought to be a central requirement in various models describing 
sensorimotor integration (Keller et al. 2012) in rodents and primates. A recent study 
in visual cortex of mice has shown presence of neurons displaying mismatch signals, 
similar to activity observed in our study (CH4) (Keller et al. 2012). Such mismatch sig-
nals are speculated to code for correction activity to regulate incoming sensor signals 
based on internally generated models . Results from our study in chapter 3 show that 
PPC is strongly involved in processing efferent copy information to drive whisker motor 
information. Theories describing sensorimotor integration indicate that additional inter-
nal models predicting sensory feedback information is generated within such regions 
(Wolpert et al. 1995). Predicted models can then be compared with actual sensory 
information perceived to measure extent of mismatch between expectation and real-
ity. Such mismatch signals can then be used to guide generation of appropriate motor 
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plans thereby constantly regulating feedback motor output (Wolpert et al. 1995). Our 
study showing motor, sensory and mismatch signals represented together in the same 
region further strengthens the role of rodent PPC in sensorimotor integration. Further-
more, similar error related signals are also found in rodent dorsomedial prefrontal cortex 
(dmPFC) which show activity immediately after an error response in a reward based 
training task (Narayanan et al. 2006; Narayanan and Laubach 2008). Such signals are 
found to be carrying retrospective working memory information, which can be used to 
correct behavioral performance in successive trials (Narayanan and Laubach 2008). 
Additionally, these signals are also found to exert top-down control on regions in mo-
tor cortex suggesting correction of motor output behavior from  dmPFC regulated by 
previous outcomes and internal demands (Narayanan and Laubach 2006). Both PPC 
and PFC are considered integral to  the fronto-parietal network, computing information 
associated with cognitive demands such as attention and decision making (Buschman 
and Miller 2007; Andersen and Cui 2009). Hence dynamic interaction between dmPFC 
and PPC might be crucial for processing top-down sensorimotor commands guided by 
sensory inputs and internally generated demands and will therefore have to be decoded 
to better understand cognitive control of behavior. 

To decipher computational principles employed by PPC based on anatomical connectiv-
ity, cell-type specific tracing studies or single-unit labeling can reveal specific afferent 
and efferent targets from PPC relevant for a specific behavior (Reep et al. 1994; Lee et 
al. 2011; Olsen and Witter 2016). For example, to study the fronto-parietal network’s role 
in  computing mismatch signals, retrograde labelling in vivo to identify frontal eye field 
(FEF) projecting neurons versus somatosensory or motor cortex projecting neurons 
from PPC followed by functional calcium imaging can further help dissociate the various 
cell types and coding systems employed during cognitively demanding behaviors (Chen 
et al. 2013). Additionally, recording from same units following training to discriminate 
between textures by associating rewards can further provide insights into how learning 
modulates activity among these cells types. Following response activity of the same 
units over time can be instrumental in understanding how learning and memory influ-
ence cell type coding mechanisms and network dynamics. Additionally, since reward-
based behavior is also present, decision making during sensorimotor tasks can also be 
examined in rodent PPC. Another approach to dissect cognitive coding mechanisms is 
by measuring behavior and neuronal activity in different projection cell types following 
silencing/enhancement of afferent targets such as lateral posterior regions of thalamus 
using optogenetic or chemical inhibition/activation. Such approaches can help scruti-
nize which pathways are involved in providing what aspects of information are required 
for either sensorimotor or cognitive processing. Furthermore, using similar experimental 
designs to record form mouse lines which label different subset of interneurons can 
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provide a more comprehensive understanding of the network interactions involved in 
cognitive control of sensorimotor behavior in rodent PPC.

Human brains are not scaled up rodent or monkey brains.
One essential goal in neuroscience is to understand the mechanisms governing human 
brain function, human cognitive abilities and human behavior. Considered the holy grail 
in this field, it holds potential to solve a multitude of problems, answer a whole range 
of questions and offer tremendous insights into some of the basic working mecha-
nisms of nature. Gaining significant knowledge underlying the fundamentals governing 
its working can help towards treating some of the prevalent debilitating neurological 
disorders (Markram 2012). Furthermore, it holds the key to decipher various biological 
computation mechanisms employed to code for complex physiological functions such 
as speech, bipedal locomotion, dexterity, human vision, pain and so on. Additionally, it 
is the only source through which the basic principles controlling human cognition can be 
studied. Advancement in all of these fields will not only add to neuroscience or biological 
sciences, but will be beneficial to a wide range of scientific and technological progress.

Brain disorders are among the most traumatizing dysfunctions in the human body re-
sulting in significant deterioration in quality of life (Lehman 1983; Pelletier et al. 2002). 
Obtaining a thorough understanding of the mechanisms governing the normal brain 
followed by identifying those malfunctioning in the diseased brain is critical to develop 
any kind of interventions. While gaining knowledge at the elemental level is greatly 
limited in the human brain, most research toward this direction is often limited to other 
mammals such as rodents and monkeys (Henry et al. 1998; Kordower et al. 2000; 
Nagahara et al. 2009). Research using these models have offered vital information 
on normal functioning mechanisms in the mammalian brain. Our study on rodents, for 
example, has helped advanced our knowledge on motor control mechanisms in the 
brain. Such knowledge can be used to decipher the reasons for the malfunctioning in 
motor disorders such as Parkinson’s disease. Specifically, our results showing a strong 
involvement of parietal association areas and the differential coding mechanism across 
layers can offer better insights into the dysfunctions present in the parietal regions of 
human cortex with motor disorders. For extrapolating such results to human cortex, it is 
essential that human brains follow scaled up principles of rodent brains. Findings from 
our reconstructions of single human neurons show that this is not necessarily the case. 
At the level of dendritic architecture, human neurons are significantly more complex 
with supralinear increase in  dendritic length than what would otherwise be expected 
(Mohan et al. 2015). Furthermore, passive functional properties influenced by dendritic 
architecture is also substantially different in human neurons compared to rodents (Mo-
han et al. 2015). Though findings from rodent research can offer immense knowledge 
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on basic principles governing mammalian brain and be utilized to infer possible reasons 
for many of the neurological disease, it cannot be applied directly to explain the cause 
in human brain. Single cell dendritic architecture from human cortex can be instrumental 
in understanding few diseases that show deterioration in structure such as Alzheimer’s 
and intellectual disability (Baloyannis 2009; Levenga and Willemsen 2012).  Performing 
similar reconstructions at single cell resolution on tissue from Alzheimer’s patients and 
contrasting them with reconstructions from our study can offer in-depth knowledge on 
the extent to which dendritic architecture influences (or is influenced) in these condi-
tions. Additionally, comparing layer specific modifications in dendritic architecture with 
normal tissue, similar to those obtained in our study, can help identify if these diseases 
degrade specific layers in the brain. This can then be utilized primarily to decode dis-
ease mechanisms and further guide targeted interventions.

Understanding normal brain mechanism is also required to decode the underlying infor-
mation pathway and computations used to control everyday human behavior. A range 
of physiological factors have contributed substantially to our evolutionary path giving 
us unique capabilities. Some of these include dexterity of our limbs essential for han-
dling tools, range of verbal sounds to develop language, color vision to perceive the 
world as needed for our survival and so on (Nathans 1999; Bramble and Lieberman 
2004; Arbib et al. 2008). As mentioned earlier, due to limitations in probing the human 
brain, extensive research to understand these mechanisms are usually conducted on 
our close evolutionary relative, the rhesus monkey. With organs of action, vision and 
speech strikingly similar to humans, studies on these models have been highly instru-
mental in offering in-depth knowledge on how primate brains control such complex be-
havioral mechanisms. Investigations on primates led to some of the primary discoveries 
into the role of parietal association cortex in motor planning and spatial representation to 
guide arm movements (Andersen 1997; Andersen et al. 1997; Cui and Andersen 2007; 
Andersen and Cui 2009). In fact, early research in rodent PPC was heavily influenced 
by outcomes from primate parietal association (PtA) regions (Kolb and Walkey 1987). 
Similar results to our findings on sensorimotor integration in rodent PPC have previously 
been shown in primate PtA (Gail and Andersen 2006). While rodent models can be use-
ful tools to deconstruct information pathways in controlling behavior, specifically due to 
genetic toolboxes, they lack the behavioral measurements capable in primate models. 
However, even in primate models, one of the key requirements to understand neuronal 
networks involved in controlling such complex phenomenon is to study how single neu-
ron structure-function dynamics influence computation principles (Mainen and Sejnow-
ski 1996; Mountcastle 1997; Markram 2006; Helmstaedter et al. 2007; Markram 2012). 
While investigations have provided significant knowledge at single neuron resolution in 
the monkey cortex (Tsodyks et al. 1999; Joshi and Hawken 2006), just like with rodent 
neurons, it is essential that principles governing monkey neurons be applicable to hu-
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man neurons. Our study shows that structurally, human neurons in the association 
regions are significantly larger than monkey neurons. How much functional change will 
this structural variation influence, specifically between monkey and human neurons, 
is yet to be established. However, primate brain research has helped build technology 
contributing directly to human benefit. One such example is in neural prosthetics, where 
in functional studies assisted by in-vivo recordings in monkeys have resulted in few 
clinical applications involving human control of robotic arms from direct brain recordings 
(Musallam et al. 2004; Nuyujukian et al. 2011). Detailed analysis on the influence of 
structure on function in rodent, monkeys and human neurons, supported by rodent and 
monkey sensorimotor research, can significantly accelerate applications from findings 
in rodent and monkeys and be utilized directly on human oriented technologies.

Factors far more consequential than physiological features in driving human evolu-
tion are present considerably in the cognitive domain, computed primarily by the hu-
man brain. Extensive research to find factors particular to human brain have compared 
across species for properties such as encephalization quotient, neuronal density, brain 
mass etc. and yet did not find any factor unique to human cortex (Azevedo et al. 2009; 
Herculano-Houzel 2009). While our study shows human neurons to be architecturally 
more complex, other investigations reveal human cortex to possess as many neurons 
as would be expected from a linearly scaled up primate cortex (Azevedo et al. 2009; 
Herculano-Houzel 2009). Humans are considered cognitively superior to all other spe-
cies and hence identifying factors particular to human brains is instrumental to explain 
the underlying reasons for our cognitive capability (Defelipe 2011). To this end, human 
neurons possessing unique architectural features while retaining expected neuronal 
density suggest increased dendritic complexity to be an important contributing factor to 
our developed cognitive capabilities. Along with monkeys and rodents, our study indi-
cates human neurons to be substantially larger than those of many other species such 
as siberian tiger, clouded leopard and elephants (Johnson et al. 2016). Additionally, 
more complex dendritic architecture is found to improve information processing capa-
bilities of a neuron (Jaffe and Carnevale 1999; Koch and Segev 2000) . Supporting this, 
functional studies on human cortical neurons from our lab show human pyramidal neu-
rons indeed compute information substantially better than rodent neurons (Testa-Silva 
et al. 2014; Eyal et al. 2016).  These reports show human pyramidal neurons are able 
to transfer information between synapses more efficiently with increased speed and 
bandwidth along with distinct principles governing communication principles such as 
LTP,LTD and STDP compared to rodents (Testa-Silva et al. 2010; Verhoog et al. 2013; 
Testa-Silva et al. 2014). Furthermore, direct measurements of membrane properties 
show human neurons also possess distinct membrane capacitance value than what is 
‘universally accepted’, also resulting in improved information transfer capabilities in hu-
man neurons (Eyal et al. 2016). Together, understanding structure-function dynamics at 
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single cell resolution with comprehensive insight into the principles governing neuronal 
computation might just hold the key to the answer of what makes us human.

Conclusion
The association cortices are among the most enigmatic and least understood regions in 
the brain. They are involved in a myriad of functions ranging from simple sensorimotor 
processing to complex cognitive mechanisms including decision-making, planning, at-
tention and memory. This thesis is an attempt to offer conceptual advance into some of 
the structural and functional properties of the association cortex from rodents to human. 
In chapter 2 we describe the in vivo juxtasomal recording and filling technique, which al-
lows to study structure-function relationship of single neurons in anaesthetized and be-
having animals. In chapter 3 we investigated the role of rodent posterior parietal cortex 
in processing whisker sensorimotor information. We show PPC is strongly involved in 
integrating sensory and motor information associated with whisker tactile behavior. Ex-
afferent input form whiskers is represented somatotopically across PPC and additional-
ly both ex-afferent and efferent copy is computed differentially across layers, indicative 
of functional architecture within the cortical column. Furthermore, during free whisking, 
superficial and deep layers units are preferentially tuned to whisker protraction and mid-
dle layers to retraction. In chapter 4 we studied how cognitive control of sensorimotor 
behavior is processed in rodent PPC. We found subsets of neurons displaying mis-
match signals indicating coding of attention related mechanisms in PPC. Additionally 
we found neurons that were able to discriminate between multiple textures and another 
subset responding to multimodal stimuli of both audition and touch. This indicates that 
PPC encodes both sensory (bottom-up) and attentional processes (top-down). In chap-
ter 5 of this thesis we show human neurons are structurally more complex than both 
mouse and monkey neurons resulting in unique functional properties. We therefore put 
forward several new hypotheses on information processing mechanisms in human as-
sociation cortex, including dendritic filtering and/or regenerative properties. Together, 
these results offer substantial insights into the structural and functional properties of the 
association cortex ranging from rodents to human. This can be used as a framework to 
further dissect the network dynamics employed by association cortices in collaboration 
with other regions of the brain in controlling sensorimotor and cognitive behavior.
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