
 

 

 

 

 

 
 

Understanding the cortical areas involved in face perception through 

human brain mapping and functional neuroimaging 
 

 

 

 

 

 

 

 

 

Candidate No. 200 

PSY4320: Research Methods in Cognitive Neuropsychology 

University of Oslo, Spring 2013 



  Candidate No. 200 

PSY4320 (Research Methods in Cognitive Neuropsychology), Spring 2013 

 

 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  Candidate No. 200 

PSY4320 (Research Methods in Cognitive Neuropsychology), Spring 2013 

 

 3 

Abstract 

Cortical areas for face perception and face-selective neural responses in humans have been 

widely examined through history, and for a long time it has been known that the neural 

mechanisms of face recognition involve a network of brain regions in which the fusiform gyrus 

in the occipital lobe is a crucial component. This paper attempt to describe different 

neuroscientific methods in the field of cognitive neuroscience used to explore the cortical areas 

involved in face perception. The different brain mapping techniques and functional 

neuroimaging methods discussed will mainly be lesion studies and single-cell recordings, 

magnetoencephalography (MEG) and electroencephalograpy (EEG), and functional magnetic 

resonance imaging (fMRI). Three different studies from three different time periods will be 

presented, showing a development of a multimodal approach producing ever more detailed 

information from unique methods regarding the underlying cortical network, and thereby 

revealing the causal role of specific cortical sites for face perception. The paper concludes that 

the future of neuroscience most probably will present even stronger and more sophisticated tools 

regarding brain structure and function, than what we see today, which will allow future students 

in the field of cognitive neuroscience to address and investigate questions of psychology in new 

and exciting ways.  
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1.0. Introduction 

Cognitive neuroscience is the scientific study of the mind and brain in an academic field 

concerned with the biological substrates underlying cognition. It has a particular focus on the 

neural substrates of mental processes, and attempts to answer the questions of how psychological 

and cognitive functions are produced by the brain. Different methods and techniques are being 

used in the research of brain mapping, where the attempt is to specify in as much detail as 

possible the localization of different functions in the human brain; lesion studies and single-cell 

recordings, positron emission tomography (PET), magnetoencephalography (MEG) and 

electroencephalograpy (EEG), functional magnetic resonance imaging (fMRI), among others. 

Each of the different methods and techniques has its own safety considerations and characteristic 

limitations in terms of spatial and temporal resolutions, and the research in new and different 

methods is largely driven by the need for new developments of non-invasive technologies with 

increasing spatial and temporal resolutions. I will in this article present an overview of the 

different tools in the field of cognitive neuroscience, with a focus on how neuroscience has 

discovered the cortical areas for face perception. At the end I will look at three different studies 

investigating the neural substrates involved in the perception of faces.  

 

Historically, people with lesions caused by disease or trauma has provided the oldest data 

for suggesting localization of function in the human brain. The most famous individuals are 

maybe Phineas Gage and H.M., being vital case studies for the function of the frontal lobes and 

parietal lobes (Purves et al., 2008). And in the same way, evidence concerning the 

neurobiological basis of face perception comes from studies of people with lesions to regions in 

occipito-temporal visual cortex. The neural mechanisms of face recognition involve a network of 

brain regions in which the fusiform gyrus (FG) is a crucial component. Damage to the FG can 

cause impairments in perceiving or naming faces, which often leads to a disorder called 

prosopagnosia, in which the person becomes unable to recognize and identify the faces of 

familiar individuals, despite normal vision and intellect (Barton, 2008). Similarly, direct cortical 

stimulation is a technique to map different brain functions, in which one produces temporary 

‘lesions’, and stimulation of the FG produces temporary episodes of prosopagnosia in the subject 

(Allison et al., 1994). Correspondingly, intracranial recordings reveal stronger FG activations to 

faces compared with nonface stimuli (Allison, Puce, Spencer & McCarthy, 1999) 
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2.0 Methods 

Direct cortical stimulation and intracranial recordings requires open brain surgery and is, 

therefore, highly invasive. But there are other less invasive techniques for mapping cortical 

activity in healthy human subjects that do not involve surgery. Non-invasive technologies that 

will be presented in this paper are first EEG and MEG, which map the electrical activity of the 

brain. And later MRI, which map the physiological or metabolic changes that arise in the brain. 

The different technologies will be presented in three different studies at the end of the paper.  

  

2.1. Electroencephalography (EEG) and Magnetoencephalography (MEG) 

Two technologies for non-invasively recording the electrical activity of the human brain are EEG 

and MEG, both exceptionally safe and with millisecond temporal resolution. Both methods can 

be used to measure electrical activity in the brain continuously, or to obtain repeated reactions to 

a fixed type of stimulus, e.g. faces. The results are then often averaged; “event-related potentials'' 

(ERP) from EEG and “event-related fields'' (ERF) from MEG, which is used in brain mapping 

research. The history of EEG is extensive and was first used on humans in 1929, involving the 

use of sensors on the scalp to measure the electrical activity within the brain, produced through 

neuronal activity. Frequencies picked up the EEG are linked with cortical activity including 

cognitive processes (Swartz & Goldensohn, 1998). MEG, on the other hand, is a much more 

recent development, based on the technology of superconducting, quantum interference devices 

(SQUIDs) (Clarke, 1994). SQUIDs pick up tiny magnetic field gradients, which are used to 

detect the magnetic field gradients generated outside the skull by cortical currents. The main 

differences between MEG and EEG, in practical terms, are the financial cost. MEG machines are 

much more expensive and, therefore, not as available to psychological researchers as EEG. On 

the other hand, EEG can be cumbersome to use because of the need to attach many electrodes to 

the scalp. The limitations of both EEG and MEG are the poor volumetric spatial resolution; since 

they can only measure signals from outside the surface of the head they are most sensitive to a 

particular set of post-synaptic potentials, generated in the superficial layers of the cortex. Areas 

deeper in the cortex, or deeper structures within the brain, have far less contribution to the EEG 

and MEG signal (Allison, Puce, Spencer & McCarthy, 1999). And as we will see in later in this 

paper, the primary way to solve this issue is by combining EEG and MEG data with volumetric 

anatomical and functional data, largely from MRI.  
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2.2. functional Magnetic Resonance Imaging (fMRI) 

The introduction of functional Magnetic Resonance Imaging (fMRI) has in principal replaced 

other technologies, as e.g. positron emission tomography (PET) as the primary tool for 

volumetric functional neuroimaging. The basic physical principle essential for magnetic 

resonance imaging (MRI) is nuclear magnetic resonance (NMR), in which various magnetic 

fields generate the NMR signal from the hydrogen nuclei of water molecules in the body. The 

different magnetic fields are used to obtain distinguishable NMR signals from various positions 

in the three-dimensional space of the brain, creating a volumetric image of the brain; the MRI. 

Temporal and intensity pattern of the various electromagnetic sources and sensors used in the 

MRI device creates a “pulse sequence”, which can be used to generate images that indicate the 

hemodynamic changes associated with neural activation; the fMRI. With the NMR signal, images 

of the brain can be composed extremely fast, but a consideration is a trade-off between imaging 

time, spatial resolution, and signal-to-noise in MRI. With fMRI one actually uses two different 

techniques for studying the hemodynamics changes; which is the changes in blood flow and the 

changes in venous oxygenation level that follow neural activity, linked with neural activation. 

The first technique looks at blood flow directly, where fast-flowing blood generally found in the 

larger arteries and changes in flow rate across images collected at different times, indicating 

nearby neural activity. By choosing a flow rate, with slower arterial rates indicating smaller 

vessels presumably closer to the site of neural activity, one may be able to increase the spatial 

specificity of the activation. The second technique focuses on the decrease in oxygen utilization, 

despite the substantial increase in blood flow after neural activity. The decrease in oxygen 

utilization leads to a decrease in the concentration of deoxygenated hemoglobin in the venous 

blood, which is paramagnetic, which further leads to a decrease in the local distortion of the 

magnetic field. These changes are referred to as the blood oxygen level dependent (BOLD) 

effect, and represent the main mechanism used for detecting the hemodynamic changes induced 

by neural activity in fMRI-based research (Huettel, Song & McCarthy, 2001).  

 

Compared to e.g. PET, the advantage of using fMRI is that it does not require the use of 

ionising radiation, which means that it is possible to collect a vast amount of data, covering a 

wide range of experimental tasks, from a single subject. Furthermore, the spatial resolution of 

fMRI is significantly better than that of PET, from 8 mm3 and down to as small as 1 mm3. An 
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additional advantage of using fMRI compared to PET is the dramatic increase in the effective 

temporal resolution. Even though the temporal resolution is not likely to come close to those 

technologies that are based on the electromagnetic signals from neurons (e.g., EEG and MEG), 

the increase in temporal resolution is very important for improving the flexibility and power of 

experimental design. Another advantage with the fMRI technology is that one can perform both 

spaced single trial designs and rapid single trial designs where several types of stimuli can be 

presented repeatedly in whatever order the experimenter desires. The data from each type of 

stimulus can then be averaged together, giving a volumetric imaging tool that is reminiscent of 

the ERPs of electrically based techniques as EEG and MEG, hence the name “event-related 

fMRI''. In addition, it is possible to analyze the hemodynamic response in single trials by 

averaging across similar trial types (Purves et al., 2008). 

 

Even though fMRI is a powerful and flexible tool, it still has some limitations and 

experimental weaknesses. In general terms, MRI is an exceptionally safe technology, but it is at 

the same time not without risks. The most obvious risk might be claustrophobia, since most 

participants find the physical confinement of the MRI uncomfortable and might lead to panic. 

The large magnet it self presents a risk with possibly disastrous consequences if a careless or 

untrained individual brings a ferromagnetic object into the room, since these objects will become 

attracted to the scanner as possible projectiles (Huettel, Song & McCarthy, 2001). There are other 

challenges more linked to functional MRI, one being the high-speed imaging parameters used in 

fMRI studies generating a great deal of acoustic noise. Even though subjects normally use 

protective earplugs and headphones to protect their ears, the danger is real. Without proper fitted 

protection, temporary hearing loss could result from an extended fMRI study (Huettel, Song & 

McCarthy, 2001). In addition, the acoustic noise is a limitation for conducting some kinds of 

auditory experiments. Even though the radio-frequency magnetic field oscillations used to 

generate the MR signal are non-ionising, they do generate internal body heat and can influence 

biological tissue. A related concern is the strong, and rapidly switching magnetic field gradients 

that are used during imaging. Since the human body is a conductor, gradient switching can 

generate small electrical currents inducing direct electrical stimulation, having the potential to 

stimulate nerves and muscles, or to alter the functions of implanted medical devices. Protocols 

are usually followed to prevent using parameters that will exceed safe limits.  
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There are practical limitations in fMRI-based experiments, in addition to safety 

considerations. One essential part is the limitations of reporting data as a collection of activated 

voxels. The concern here is the selected “threshold”, the consequences of increasing statistical 

power of the tools, and the interpretation of the “most active” voxels across a small set of 

stimulus classes. The size, shape, and number of activated areas will be dramatically changed by 

the choices made during the experiment, and the detected brain areas activated in a given task 

might therefore be limited to the brain areas that happen to exceed some arbitrary, practical 

threshold for detection by a current MRI machine. If the same experiment would be performed on 

both a 1,5T machine and a 4T machine, the same experiment and the same data analysis using the 

same statistical threshold would activate corresponding larger or smaller areas. Furthermore, the 

size of the activated region is much greater in the averaged data, mostly because of the increased 

number of subjects, which makes it more powerful in detecting statistically significant 

activations. Thousands of images are collected over a typical 1-2 hour scanning session to create 

high spatial resolution images, and these images need to be aligned – but the high spatial 

resolution might be partially lessened by subject movement. Even though there are motion-

detection and motion-correction algorithms that can be applied to the image data afterwards, the 

correction algorithms is optimal if there is minimal motion to begin with. To prevent movement 

of the subject's head as much as possible, there has been developed of a number of techniques; 

from face masks to bite bars and plaster head moulds, but simply asking the subject to relax and 

using soft pads to wedge the head in place is still probably the most used technique (Huettel, 

Song & McCarthy, 2001). 

 

3.0 Experimental design 

Face perception, which is considered one of the most complex and demanding visual processes, 

is argued to be special in part that it is different from object perception. Ishai, Ungerleider, 

Martin, Schouten and Haxby (1999) presented data in an fMRI study involving the visual 

presentation of three categories of objects: house, faces, and chairs. The fusiform and temporal 

gyri responded maximally to each of these stimulus classes, which are broad areas for which 

there is statistically significant activation. And in this area the activation is strongest to one of the 

three stimuli, in comparison to the other two, which could be interpreted that they had outlined 

the ‘face-area’, ‘chair area’ and ‘house-area’ of cortex. But looking at the data, it is obvious that 
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the vast majority of voxels that are maximally responsive to one of these stimulus classes also are 

statistically significantly responsive for the other two as well. Ishai et al. (1999) concluded that 

the results indicate that the given representation is not restricted to a region that responds 

maximally to faces (or objects), but rather is distributed across a broader expanse of cortex. 

 

Deffke et al. (2007) also wanted to investigate the areas in the brain for perceiving and 

recognizing faces. They used EEG and MEG to detect the corresponding N170 and M170 

response, which is a 170-ms electrophysiological processing stage considered to be an important 

computational step related to configural face encoding and to the identification of faces. Several 

other studies have localized the cortical sources underlying N170 and M170 to the fusiform gyri 

or to the fusiform guri and additional structures such as the lingual gyri, while other studies have 

found entirely different sources such as the lateral occipitotemporal cortex or the superior 

temporal sulci. The reason for the diversity of results in localization studies of the N170 and the 

M170 is unclear, but Deffke et al. (2007) hypothesized that critical factors may be task and 

stimulus as well as recording techniques. The aim of their study was to compare on a single 

subject and on a group level the neuronal sources of face processing in the 170-ms latency range 

as measured by EEG and MEG in a simultaneous recording, in relation to the dipolar sources 

underlying N170 and M170. In addition to EEG and MEG, where they used Independent 

Component Analysis (ICA) to remove noise and improve data quality, vertical and horizontal 

electrooculograms (EOG) were recorded. Additionally, individual structural MR brain images 

were projected onto the dipole locations. To ensure the robustness of the localizations, the 

experiment was repeated after 3 months with the same participants. The equivalent current 

dipoles (ECD) corresponding to N170 and M170 were localized in the middle to posterior 

fusiform gyri for both the single subjects and the group, and the same dipole locations and 

orientations were confirmed in the individual MR images. Deffke et al. (2007) describes the 

possible explanations for the high quality of the co-localization of the cortical areas for face 

perception being several different neuroscientific methods, a high number of trials, a predominant 

activation of the fusiform gyrus by the task used and sufficient noise reduction by the use of ICA.  

 

Parvizi et al. (2012) used an multimodal approach of EEG, electrocorticography (ECoG), 

high-resolution fMRI, and electrical brain stimulation (EBS) to perturb its function, to directly 



  Candidate No. 200 

PSY4320 (Research Methods in Cognitive Neuropsychology), Spring 2013 

 

 10 

investigate the causal role of face-selective neural responses of the FG in face perception. By 

using intracranial electrodes in the subject’s cortex and by defining fMRI activations using high-

resolution voxels, they precisely colocalized the sites of EBS with both fMRI and 

electrophysiological data. They used a block design experiment in which images of faces and 

different objects were shown, and the subject reported face-specific perceptual deficits only when 

images of faces and an electrical charge was delivered through two electrodes overlapping with 

posterior and mid fusiform face-selective regions, but not during sham stimulations of the same 

electrodes – thereby providing a causal link between localized functional subsets of the FG and 

face perception. In addition to intracranial electrodes, EEG and ECoG responses on the FG were 

monitored during all sessions, and the spatial localization of face-selective responses showed a 

striking anatomical correspondence with face-selectivity measured with fMRI.  

 

4.0 Conclusion 

In the future of neuroscience we will most probably see stronger and more sophisticated tools 

investigating brain structure and function, than what we see today. This will allow us to address 

and investigate questions of psychology in new and different ways, as fMRI in its time changed 

neuroscience. And as we have seen in the three different examples mentioned above, a 

development of a multimodal approach yielding detailed information about underlying networks 

providing precise information from unique methods, will most likely help us to understand the 

causal role of specific cortical sites for face perception. This historical and methodological 

journey exemplifies the kinds of joint contributions diverse methods and design of experiments 

can make to cognitive neuroscience. Cognitive psychology, which is the science of mind, and 

neuroscience, which is the science of the brain, are two disciplines that has emerged to 

understand the human mind as a set of functions carried out by the brain. Until now, the 

overwhelming collection of data has led us toward an understanding of brain organization, rather 

than understanding human behavior. New discoveries regarding human brain function based on 

neuroimaging experiments will most probably give us relevant information for the study and 

understanding of behavior. We must assume that when brain organization is sufficiently well 

understood, combined with behavioral tasks, cognitive neuroscience will lead to an increased 

understanding of human behavior. 
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