
HPS395: Cognitive Neuroscience 

Topic 1: Introduction to cognitive neuroscience 

1. What “cognitive neuroscience” is and its relationship with the brain. 
• Cognitive Neuroscience is a bridging discipline between cognitive psychology and biological 

psychology and neuroscience.  

• Its ultimate aim is to provide a brain-based account of cognition. 

2. Outline the evolution of human brain size with reference to the encephalization 

quotient (EQ).  
• Ratio of actual brain size to expected brain size    

• Average mammal = cat 1.0    

• Cerebral cortex shows the most dramatic increase in size as brain gets larger 

3. Identify some of the reasons why the human brain has enlarged with evolution. 
• The human brain evolved rapidly in size in the last 1.5 million years, tripling in volume over 

this time.  

• Most of this increase in size (especially in comparison to our primate relatives) was in terms 

of neocortex.  

• This suggests that an important factor in human survival was the acquisition and 

development of complex behaviours.  

• What sorts of behaviours were particularly important in this respect?  

– To answer this question it is useful to compare human brains with those of non-

human primates.  

• The human brain is particularly notable for  

– its large size relative to body weight 

– presence of extensive cortical regions devoted to language processing 

– large frontal lobes 

– large motor regions for controlling the hands and fingers.  

• This is consistent with the proposition that the factors of primary importance for our recent 

evolution were: 

– communication, 

– cognitive abilities and social skills, and (iii) fine movements required for tool creation 

and manipulation. 



• The reference explores the environmental pressures that influenced the evolution of the 

human brain and the major neuroanatomical landmarks that characterised this 

development. 

4. Outline the historical evolution of cognitive neuroscience, with focus on 3 main 

areas: philosophical approaches; (2) scientific approaches; and (3) the birth of modern 

day cognitive neuroscience. 
Philosophical approaches 

• Philosophers as well as scientists have long been interested in how the brain can create our 

cognitions – higher mental processes such as thinking, perceiving, and speaking. 

• Philosophically, the question is how can a physical substance (brain/body) give rise to 

mental experiences? This is the “mind-body problem.” 

• “Dualism” argues that mind and body are separate substances (e.g., Descartes), “dualaspect 

theory” that mind and body are two levels of explanation of the same thing (e.g.,like wave–

particle duality), and “reductionism” attempts to explain the mind solely in terms of 

physical/biological theory. 

Scientific approaches 

• Scientific approaches have ranged from early accounts of phrenology, where different parts 

of the cortex are seen to serve different functions 

• These differences in personality traits manifest in differences in cortical size and bumps on 

the skull, to the more modern notion of “functional specialisation.”  

• The latter asserts that different regions of the brain serve different functions but uses 

modern empirical methods to ascertain the different functions 

• It does not assume that each region has one function or each function has a discrete location 

(unlike phrenology) 

• It does assume some degree of specialization of neurons in particular regions. 

Birth of modern day cognitive neuroscience 

• It is advances in modern imaging technology that has provided the driving force for modern 

day cognitive neuroscience.  

• These involve methods using transcranial stimulation across the skull 

- e.g., transcranial magnetic stimulation (TMS) 

• Electrophysiological methods which record the electrical properties of neurons 

- e.g., EEG.  



• Functional imaging methods which record physiological changes associated with blood 

supply to the brain, 

- e.g., PET and fMRI 

5. Discuss if cognitive mind-based concepts can be understood independent of the 

brain itself. 
• Cognitive psychology developed substantially from earlier information processing models 

where analogies are often drawn between computer software (mind) and hardware (brain). 

• And these models attempted to develop coherent and testable theories of cognition that 

made no direct reference to the brain.  

• But modern approaches highlight that the brain does provide causal constraints on the 

nature of cognition (they are not truly independent) 

– e.g., why is visual word recognition achieved by parallel rather than a serial search? 

6. Discuss whether cognitive mind-based concepts have a role to play in cognitive 

neuroscience. 
• Functional imaging and other advances in cognitive neuroscience do require the insights 

from cognitive psychology to frame appropriate research questions and avoid the simplicity 

of the earlier phrenology. 

Topic 2 - Measuring the Brain in Cognitive Neuroscience 

Electroencephalography (EEG)  
• Records electrical signals generated by the brain through electrodes placed on different 

points on the scalp.  

• Changes in electrical signal are conducted instantaneously to the scalp 

• When populations of neurons are active in synchrony they produce an electric field that can 

be detected at the scalp (EEG).  

• Main techniques used are: 

- Single-cell recordings 

➢ Electrode(s) placed in or near a neuron (invasive) 

➢ Measure number of action potentials per second 

➢ Records (but does not stimulate) neural activity 

➢ May respond to conceptual properties (e.g., averted gaze) despite physical 

differences 

- Event-related potentials (ERP) 

➢ Electrode(s) placed on the skull 


