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ECAP6004 – BIOLOGICAL AND COGNITIVE NEUROSCIENCE

ONLINE EXAMINATION


1.Critically discuss the impact of neuroscientific studies in enhancing our understanding how a neuroactive drug (or drugs) might influence our behaviour. 

One of the key challenges to 20th century science is how the brain works, and in turn how drugs affect its performance and behaviour. There have been many advances in neuroscience, pharmacology, psychology and genetic studies which have enabled amazing insights into brain function (normal and impeded) along with the effects of psychoactive drug both enhancing and causing impairment. With staggering advances over the past 30 years, we have seen identification of the receptors (the site of stimulus at molecular level) of many of the ‘commonplace’ addictive drugs and mapping of those receptors to specific area of the brain, adding to the vast portfolio of know information already known to us.
  Our brains is the most complex organ in the human body and is responsible for the regulation of all of our bodies basic functions, interpreting all of our daily experiences and shaping our behaviour. The many billions of neurons (brain cells) contained in our rain are organised into numerous networks and circuits which all interlink with one another. Each neuron acts as a switch controlling the flow of information, releasing a neurotransmitter into the synapse (gap) between it and the next cell when it wants to send a message. This flow of information causes changes in the next cell and so on. However the use of neuroactive drugs can greatly affect the way our neurons send and receive and even process messages, causing some neurons to activate artificially or to inhibit their neural activation and in some cases may lead to abnormal message being sent.  
Neuroscience research has demonstrated that we start to learning as our brain processes information. Whilst the principles of how we process information apply generally, we have long understood that every one of us has a unique genetic coding which has an influence over our genetic predisposition for information processing, that is which of our hemispheres, lobes, and senses might be dominant for any given individual. Science has revealed to us that our neurological design is an intricate combination of brain function made up of sensory preferences, intelligence rationality and emotion. Neuroscience research enables us to improve our understanding of human development as it permits us to study the nervous system from the earliest stages of human development right through our lifetimes, helping us understand  key cognitive processes and  executive functions such as  attention, memory, language and  literacy.   

The use of neuroimaging techniques then to study brain function and how it is affected by disease or other factors such as drug use is essential for our continued understanding of this complex organ and for the treatment of life limiting diseases.  Recent research has significantly enhanced our present understanding of brain function and processes along with  the underlying neural functions, how we process and store information, and how observable behaviour and learning and is impacted by neural plasticity.
Studies like Goldstein’s, 2011 review (where he investigated prominent functional neuroimaging studies for the preceding decade) have been invaluable in enhancing our understanding of how drug use causes disruption to the Pre-Frontal Cortex (PFC).
Goldstein’s investigations to better understand dysfunction of PFC in addiction, proposed that disruption to the PFC could lead to ‘a syndrome of impaired response inhibition and salience attribution (iRISA) in addiction.’ His work encompassed several imaging studies, Positron Emission Tomography (PET) and functional MRI (fMRI) of PFC function in relation to drug addiction combining the findings with his iRISA model.  His iRISA model proposed that the syndrome is characterised by excessive salience, drug-related cues combined with a decreased sensitivity to non-drug reinforcers. 
The use of imaging studies enabled Goldstein to investigate the role of the PFC activity in iRISA in relation for direct effects of drug/drug cues, then alternative rewards and finally inhibitory control and executive function. Goldstein’s findings gave some scientific acknowledgement to a pattern of general PFC dysfunction in individuals suffering from drug-addiction. Widespread PFC activation was demonstrated on the scan images when individuals were presented with drug-related cues. Conversely this was replaced by PFC hypoactivity and poor task performance when the individual was presented with cognitive or emotional challenges (when not stimulated). His investigations concluded that the PFC roles most affected by use of neuroactive drugs include self-control, essentially an inability to prevent actions to engage in   negative actions resulting in outcomes such as, relapse/repetitive drug use. 
Retrospectively Goldstein noted in his summing up of findings that PFC dysfunction could well precede drug use, but irrespective of causality, the neuroimaging studies identified specific biomarkers of note that with further investigation could be targeted for intervention purposes.  Notably Goldstein’s study was claimed to be the first systematic evaluation of the neuropsychological mechanisms of the PFC that are the commonly assumed causes of addiction behaviour.  
As the last region of the brain to reach maturity, teens can be particularly susceptible to imbalances in the brains subtle chemistry (NIDA., 2022) leading to changing in behaviour. Disruptions in the circuits in the limbic region can lead to a lack of high order executive function (regulating salience attribution, self-control and awareness) and lead to disadvantageous compulsive reward seeking behaviours (such as more drug taking). Neuroimaging techniques have allowed us to observe reductions in D2 receptors in regular (chronic) drug users. (Alchol, Cocaine, Heroin and methamphetamine (Volkow et al., 2001). .The findings of DiChiara, 1998 and Nestler, 2005 concur these finding where administration and withdrawal of opiate’s and other  psychoactive drugs lead to changes in dopamine function in experimental animals. Goldstein’s works explained that most drugs (associated with drug abuse) work by increasing dopamine thereby directly causing a euphoric reaction, the surges of dopamine in turn encouraging a repeat of the behaviour.  
 Of course, research like Goldstein’s is ethically difficult to re-enact – using drug-taking individuals has very strong ethical considerations. However, technology is ever evolving and newer neuroimaging techniques increase our knowledge and understanding of the neurobiological responses of our body day by day. For example, there is  now evidence that shows that most addictive drugs act on a ‘common brain system. ’  This has already given rise to several neurobiological theories of addiction,  currently being investigated. 
Whilst euphoria/ the pleasure effect is still largely unexplained, studies over the  decade following Goldstein’s publication now believe that dopamine’s role is more related to reinforcement than euphoria directly. The NIDA 2022 paper, explains that when we experience a pleasurable experience our brains basal ganglia (our ‘reward circuit’)  signals with a burst of dopamine which in turn causes changes in neural connectivity, making repetition of the pleasurable experience easier each time it occurs, initiating repetitive behaviour/ formation of habits rather than directly producing the feeling of ‘euphoria/pleasure’ itself. Using neural imaging allows us to observe changes in brain activity and monitor it whilst varied tests are completed and reactions monitored, and in doing so update our historic findings accordingly. In this instance,  scientists now believe through neuroimaging studies, that euphoria is actually the results of the body’s natural endorphins – our natural opioids and other neurotransmitters in our reward circuit. 
Similarly neuroimaging can be used as a tool to monitor the brains ability to recover, where it be from a long standing abstinence from drugs or to monitor damage after a stroke or illness. (The Journal of Neuroscience, 21(23):9414-9418. 2001)
If one were to criticise Goldstein’s research in hindsight, it might be to say that for a comprehensive picture/study, all lobes in both hemispheres should be observed for a robust report.  Observing multiple people with similar deficits as he did, allows deductions to be made form overlapping results from areas of impairment, but there is still a case for individual case studies in unique cases to add to the cognitive neuroscience findings. 
In many instances, neuroscience merely confirms ‘scientifically’ what pedagogy already knew and practised. That is no bad thing, having confirmation in a neuroscientific form is a reassuring factor. In order to fully identify brain changes relating to addiction, mental disorder, or any other vulnerability, the full range of imaging technologies positron emission topography (PET), functional magnetic resonance imaging (fMRI) must be exploited. A call for a more multidisciplinary combination of these services alongside genetic research and experimental medicine is seen as the future for real progress for addiction and mental illness and brain function abnormalities.   
 As such neuroscience is a critical part of our continued development in understanding the human brain. We have learned that the brain is ever learning, having unlimited learning capabilities and the further development of neurological equipment the possibilities are endless. 
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4.“Neuroscience might help solve the early vs late selective attention debate”, critically discuss how neuroimaging studies have challenged traditional theories of attention.
 
At its most basic, Attention may be described as an overall level of alertness. Also described as the ability to select which contents of our awareness we would like to analyse in detail and act upon.  A highly flexible construct, attention is deployed to best serve its organisms  behavioural goals, or indeed its internal goals, looking for a specific face in a crowd, or in reaction to our environment, such as reacting to an alarm. Empirical research has shown us that when we focus our attention, the electrical activity of the brains neocortex changes.  Individual neurons start to respond to the stimuli on our senses in different ways, firing out of sync with one another. In order to investigate the brains activity during attention deployment, functional neuroimaging techniques such as Electroencephalogram (EEG), Magnetoencephalography (MEG) or most commonly Functional Magnetic Resonance Imaging (fMRI) and may be used.  
Successful cognitive functioning relies heavily on an individuals ability to select and then process a small proportion of the information registered by our senses and to ignore the rest. This is known as selective attention. Widely studied using various methodologies, including behavioural experiments, neuroimaging studies, electrophysiological and computational modelling.
Supporters of early selective attention (Broadbent, 1958) advocate that the locus of selection occurs during the early stages of processing. As such unattended stimuli are not processed.  An example of the model of early selection is the ‘Cocktail Part Effect’ proposed by  E. C. Cherry. Conducted to analyse selective attention, the cocktail party effect is a phenomenon that references our ability to selectively hear or to selectively attend our attention to one specific stimuli by filtering our other (often numerous) distractions. 
In contrast,  late-selection theorists (Deutsch and Deutsch, 1963) purports that within sensory limits, all stimuli are processed to the same level of analysis (both attended and unattended). Once all of the stimulus have been processed semantically, only then the most important stimuli is selected for further processing.  
Early selection was the preferred choice for most theorists and gained the most empirical support (Cherry, 1953; Moray, 1959; Neisser, 1969) – that is until the late 70’s when newer research seemed to favour the later selection theorys (Eriksen & Eriksen, 1974)
Over time it has been accepted that the locus of selection is infact flexible (Chun and Wolfe, 2000; Luck and Hillyard, 2000; Luck and Vecera, 2002). Perceptual load theory (PLT) was proposed as a compromise between the early and late theories of selective attention  and  instead proposes that awareness is  dependent on the availability of ‘limited-capacity’ attention selecting early when load perception is high and late when load is low, neural evidence does seem to support this.  Torralbo & Beck ( 2008) theorized that PLT affect distractor interference by means of  a Top-Down biasing signal (thought to be the result of neural competition).     fMRI studies have shown that  when simultaneous presentation  of stimuli occurs in a the visual field, the object recognition pathway and the cortical representations interact  causing a mutual suppression of images. (Beck & Kastner, 2005; Kastner, De Weerd, Desimone, & Ungerleider, 1998). Most of the evidence discussed in Murphys 2016 study related to ‘visuo-spatial’ attention demonstrating that attentional selection occurs  very early in visual pathways. 
 perceptual load as a result of auditory stimuli was also observed  (e.g., Sabri et al., 2013). Both fMRI and EEG were further used to analyse neural responses during a dichotic-listening experiment for comparative purposes. In an fMRI study  of gamers investigating attentional recruitment, moving distractors were found to have less affect/ create less activation in the middle temporal complex (brain area relating to motion sensitivity) than the same results in non gamers, implying a desensitisation effect  (Bavelier, Achtman, Mani, & Föcker, 2012). 

Although it has only been available for a relatively short time,  slightly more than a decade, fMRI has hugely  contributed to our understanding of attention with recent studies being instrumental in identifiying a newwork od regions involved in attention control . 
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