Biological and Cognitive Neuroscience (Exam – 04.05.2022)

This paper will include two individual essays in order to answer two of the chosen exam questions. Part 1 will critically discuss how neuroimaging studies have challenged traditional theories of attention. Part 2 will critically discuss how neuroimaging techniques have enhanced our understanding of social cognition. 


Part 1: critically discuss how neuroimaging studies have challenged traditional theories of attention.
Attention is one of the most researched areas in both cognitive psychology and cognitive neuroscience (Yu et al., 2022), and there has been a significant amount of behavioural research done on the subject of attention in cognitive psychology (Box-Steffensmeier et al., 2022). 
The importance of attention is arguably recognised by the fact it is one the most researched areas among these specific fields because it is what allows individuals to create memories by focusing on information (Haynes et al., 2022), and is a pivotal function of a person's everyday life (Niu et al., 2021).
Attention, from a neuroscience point of view (Perves, 2008), seems attention is a neurobiological function that allows humans and other animals to continually and dynamically select the most important stimuli so that greater neural processing resources can be directed to their analysis. This is supported by James (1980)'s early indication that the brain responds in a way that ignores another stimulus that could be available. In terms of the aims of neuroscience researchers, it appears they should concentrate on how attention influences and aids the detection, protection, and encoding of critical inputs, especially in accordance to those with signs and symptoms of schizophrenia (Barch & Smith, 2008). It seems that attention researchers can benefit from using transcranial electrical stimulation by being able to identify what computational algorithms enable specific effects, i.e., what is going on in the brain that enables this effect, and investigate what different patterns are going on in the brain for this effect, or whether there are different patterns occurring for the perception and encoding stages (Santarnecchi et al., 2015). Recent neuroscience development has employed simple neuroscience-based procedures such as mindfulness, in order to encourage positive mental health and academic performance among students throughout the coronavirus-19 pandemic (Tortella et al., 2021). Studies like this are important these factors play a role in allowing people to recover knowledge about upcoming occurrences and allow them easily generalise new experiences and make judgments, in order to build knowledge, which further endorses the later theories of attention (Lewis et al., 2018).  
[bookmark: _Hlk102046673]In terms of categories, one type of attention is voluntary attention, also known as endogenous attention (Zhang, 2019), which involves when a person intentionally pays attention, to information on a reading task or visual task (Zhang, 2019). This category of attention is often investigated by researchers to identify any neurological changes when a person is having difficulties with their voluntary attention that helps to create memories (Zhang, 2019). Exploring this area of attention is important because certain degenerative disorders, such as dementia-related conditions, impact memory decline (Zhang, 2019), and understanding the neurological changes can allow for early diagnosis, which is preferred for effective intervention within the field of psychology (Hall & Shaw, 2019). It could be argued that earlier theories of attention did not account for the exploring this area of attention is important because certain degenerative disorders impact memory (Morris, 2001). In contrast, considering research by Lindsay (2020) and León (2022), intentionally attending is not the only type of attention, as there is reflexive attention which is exogenous attention, where something captures an individual's attention. Although involuntary, it seems that certain parts of reflexive attention are within voluntary control and interact with voluntary attention (Lindsay, 2020). According to research, a better knowledge of reflexive attention aids in understanding how cognitive processes evolve and how the brain functions (Lindsay, 2020) which is considered important in order for psychologists to understand certain behaviours and states of mind (Hall & Shaw, 2019). Although researchers investigating exogenous attention would most likely prefer to use a physical trigger to see whether sudden-onset stimuli may be used as external attentional signals to boost sensitivity during a standard recognition memory test, there are ethical restraints (Guterstam et al., 2021). However, research indicates that neuroscientists studying attention may analyse events that have been previously unnoticed and may capture an individual's attention by salient stimuli (Anderson et al., 2014; Anderson, 2021). Cognitive neuroscience research indicates that inattentional blindness may be caused by a lack of either sensory or cognitive conspicuity, a decreased working memory capacity, and a greater mental burden (Galiana-Simal et al., 2020; Harms et al., 2021).
Furthermore, research (Frischen et al., 2007; Pecchinenda et al., 2008; Battaglia et al., 2022) indicates that other ways in which attention can be explored are looking at gaze triggered shifts of attention, i.e., by observing a friend who suddenly looks to the right, as when this observation is conducted, the observer is often drawn then looking to the right (Ishikawa & Itakura, 2018). In a traditional cocktail party situation, one may focus and sustain attention as needed, listening to a single talker while disregarding surrounding noise (Cherry, 1953). From Cherry (1953)'s traditional study, it seems not only can a single voice be distinguished —say, that of a friend on the left—but they can also direct their gaze visually, avoiding the faces of individuals with whom they are not communicating. This phenomenon is often described in terms of an individual's capacity to construct and choose perceptual items within a complicated situation, in both vision and auditory (Cherry, 1953; Anderson et al., 2018). Although it seems these two processes are so intertwined that, they might be impractical to distinguish (Green, 2019). Additionally, it seems that failure to communicate in loud surroundings is often explained by errors in either object generation or selection (Firestone, 2020), which is arguably a significant contributing factor to schizophrenia if continuous (Palaniyappan & Venkatasubramania, 2022). Additionally, searching for a specific object in a visual setting with various stimuli is another technique to study attention via visual searches (Spence, 2021). Treisman and Gelade (1980) established the foundation for their Feature Integration Theory, which is considered a very important aspect of modern psychology and neuroscience as it seeks to explain how humans, as well as other organisms, integrate features of objects in the overall perception of visual senses (Reichenthal et al., 2020).
The idea of object-based attention began in the literature on vision as earlier research of attention by Treisman and Gelade (1980) and Feldman (2003) emphasised a large quantity of the topic area is focused on visual objects, which are constructed by grouping textures, shapes, and surfaces at ever bigger sizes (Treisman & Gelade, 1980; Francis & Thunell, 2022). Shinn-Cunningham (2008) this framework to describe auditory objects, which are generated when sound characteristics are clustered together and considered to come from the same source. Unlike visual objects, which are generated at many spatial scales, aural objects need qualities to be gathered throughout time. The local spectro-temporal structure of a mixture governs how sound energy is coupled to produce short-term objects such as syllables (Marinato, 2020). Furthermore, Frost et al. (2019) indicated these short-term items are then connected together based on similarities in higher-order features—for example, location, tone, or timbre—to build streams, such as words. Although, what comprises an item is not always obvious, nor are the regulations that govern its production (White, 2021).

White (2021) indicated that due to processing capacity limitations, not all items in a scene are always observed and as a result, there must be a system for deciding which things to attend to. It seems that considering the research by Shinn-Cunningham (2008) and Carlisle (2019), object selection is assumed to be influenced by two conflicting factors: top-down control and bottom-up salience. If a person understands which characteristics separate a target item from the mixture, they may use top-down control to voluntarily direct their attention (Carlisle, 2019). This research proposed that if individuals want to talk to someone on their left, they may choose their speech depending on this characteristic. However, bottom-up influences may interfere with the process, automatically attracting attention to a more prominent item, which was found in earlier research on the broken glass effect (Cherry, 1953). Therefore, object selection is assumed to be a biassed conflict between entering stimuli's intrinsic salience and top-down, deliberate concentration (Park & Kim, 2022). At a cocktail party, most people can easily speak with one another and this communication, however, breaks down when object generation or selection fails. This is occasionally the case for those who experience stimuli overload, which typically segregates sounds into a combination of difficult or impossible to hear (Marco et al., 2011) and frequently prohibits them from employing external focus on a specific stimulus (Pfeiffer et al., 2019). However, cochlear implants (CI) have been found to enhance the quality of life and auditory detection of people with hearing loss (Crathorne et al., 2012). This field has contributed to a better understanding of autism, which is associated with sensory overload, and those on the autistic spectrum may be overwhelmed by sensory overload (MacLennan et al., 2021; Galiana-Simal et al., 2020). Moreover, neuroscience and psychology researchers have established that the inability to analyse auditory situations adds to object selection failures since top-down control will not be successful in picking an item that cannot be distinguished from the other noises in the scene (Baron, 1986; MacLeod, 1991; Buschman & Miller, 2007; Anderson et al., 2018).



The neurological response to spatially indicated stimuli shows evidence of both top-down and bottom-up mechanisms. For instance, Posner and Petersen's (1980)'s early imaging investigations established distinct brain networks considered to underpin visual attention, especially among those with Balintnt syndrome (Hood et al., 1988; Prince & Brown, 2022). Sustained activation of a dorsal frontoparietal network, encompassing the superior parietal cortex and frontal eye fields (Bourgeois et l., 2020), is often found in fMRI during spatially cued visual attention tasks (Petersen & Posner, 2012). Moreover, Prince and Brown (2022) indicated when a target location is miscued and a spatial attention transition is required, a ventral reorienting network that comprises the frontal cortex and the temporoparietal junction (TPJ) is engaged. The researchers also proposed that this network is often connected with bottom-up attention because it seems to disrupt the activity of the orienting network, and is inhibited when top-down attention is prominent, which is further endorsed by earlier research (van Moorselaar & Slagter, 2020). Research indicates that during auditory spatial attention tests, both networks act identically, however, the dorsal orienting network is not only engaged during spatial auditory activities, but it is more active than when other elements, such as pitch, are attended to (Menon & D’Esposito, 2022).
Electroencephalography (EEG) is a type of neuroscience procedure that has been widely researched for attentional regulation of brain response, often via the investigation of event-related potentials (ERPs) and oscillatory power (Piai et al., 2012; Ku et al., 2022). These two measures are divided into two categories: evoked activity and induced activity. While evoked activity is assumed to be phase-locked to the commencement of a single event, namely the onset of a visual or auditory object, induced activity is thought to represent continuous brain processes that may or may not be related to any particular object (Tanaka & Miyakoshi, 2019; Hramov et al., 2021). Nonetheless, data shows that these measurements fluctuate with attentional focus (Turnbull et al., 2019), indicating an individual's capacity to attend to items based on their spatial placement (Bundesen, 1990), which endorses Lavie et al. (2004)'s Load Theory of selective attention and cognitive control.
Evoked activity, which is often quantified with ERPs, indicates ensemble neuronal firing that is phase-limited to the start of a stimulus (Woodman, 2010). This response is often separated using trial averaging, which averages out all non-phase-limited activity (Woodman, 2010; Zivony & Lamy, 2021). The magnitude of the ERP's first negative component (N1) is widely utilised as an indicator of attention to both auditory and visual inputs (Woodman, 2010). For instance, early research by Hillyard and Anllo-Vento (1998) found that when individuals were cued to listen to one of three isochronous melodies, for example, the N1 response in frontocentral electrodes was enhanced at the onsets of notes in the cued location compared to when the identical stimuli were overlooked. Similarly, increased N1s are reported in parieto-occipital channels contralateral to cued stimulus sites in visual selective attention tasks, and similar findings were reported in later research (Kwasa, 2021). While the EEG representation of visual ERPs is inherently spatial (stimuli are represented in sensors contralateral to their location in the visual field), determining the direction of attention to auditory stimuli using ERPs necessitates knowledge of the timing of object presentations at each location (Galiana-Simal et al., 2020). Nevertheless, ERP analysis gives a reliable measure of top-down control during auditory and visual selective attention, as demonstrated in findings by (Matusz et al., 2019). In contrast to evoked activity, induced activity is not phase-limited to a specific stimulus, albeit alterations may be time-restricted to stimulus onsets. In most cases, induced activity is seen in oscillatory power in a certain frequency range, with alpha-band activity (8-14 Hz) being commonly thought to be involved in sensory suppression (de Vries et al., 2020). During visuospatial selective attention tasks, alpha strength rises in parieto-occipital areas encoding distracting stimuli (Wöstmann et al., 2019), (i.e., ipsilateral to stimuli in the attended location). Similarly, when auditory tasks in which individuals are cued to listen to one of two spatially separated speech streams, a similar behaviour happens (Alavash et al., 2021). Findings by Schmidt et al. (2014) and Terashima et al. (2021) provide evidence that comparable neural processes functioning in modality-general brain networks underpin spatially, auditory, and visual selective attention. Likewise, alpha power decreases have also been found in parieto-occipital areas indicating to-be-attended visual stimuli, specifically contralateral to stimuli in the attended location (Banerjee et al., 2011; Capotosto et al., 2015; Barne et al., 2020). As a result, Noonan et al. (2018) and Foster and Awh (2019) propose that alpha oscillations constitute a gating mechanism for top-down attention, suppressing distractors while allowing for direct representation. Though studies indicate that further research is required, as these metrics have the potential to give top-down regulation of spatial attention markers in addition to those supplied by evoked activity (Itthipuripat et al., 2019; Lu et al., 2021; Matusz et al., 2019). 


Part 2: Critically discuss how neuroimaging techniques have enhanced our understanding of social cognition.

Social cognition is the process through which humans absorb, recall, and use knowledge in social circumstances to explain and anticipate their own and others' behaviour (Boyd et al., 2021). However, there are two distinct forms of unconscious social cognition: (i) the unconsciousness of the impacts on judgement and behaviour, and (ii) the unconsciousness of the mental processes, namely attitudes and emotions, that give rise to such judgements and behaviours (Gee, 2021). Because of its function in associating value, either positive or negative, with individual things and groups of objects, the amygdala is engaged in social cognition (Gee, 2021). This system applies to both humans and events. In cognitive neuroscience, functional magnetic resonance imaging (fMRI) is increasingly utilised to search for variations in brain activity that correspond with certain cognitive processes (Labek et al., 2016; Boyd et al., 2021). Specifically, trauma is a relatively recent aspect to research in neuroscience to look at how brain injury might impact social cognition and social behaviour (McDonald, 2013; Boyd et al., 2021), particularly the key question raised recently when it comes to the neuroscience research in this area, why / how do lesions impaired social abilities but spare complex, or sometimes even simple cognitive abilities. Therefore, the current paper will critically discuss how techniques of neuroimaging have enhanced an understanding of social cognition.

[bookmark: _Hlk102053839]The discipline of social neuroscience is rapidly expanding, and it is exposing a considerable measure of the brain systems that underlie social cognition, human behaviour, and social pathologies (Gee, 2021). However, the history of this profession reveals an overemphasis on the usefulness of grey matter, with a disdain for white matter. Students are trained to recognise sulcal–gyral landmarks that designate grey matter areas, but white matter structures are often overlooked (Boyd et al., 2021).
[bookmark: _Hlk102052807]The accident of Phineas Gage (1848) showed psychologists that various areas of the brain play distinct roles in different processes. Psychologists and neuroscientists have provided the classic with what the frontal cortex performs in terms of personality by examining Gage (1848)'s frontal lobe injury (Mchale, 2022). He was a railroad worker, who was unfortunate in receiving an iron rod blasted through the front of his skull, causing serious damage to the left side of his prefrontal cortex (PFC), situated directly above the orbits near his eyes (May et al., 2022). Despite Gage (1848)'s, what psychologists have classed as an extraordinary physical and intellectual recovery (Harlow, 1868; May et al., 2022), it is possible that Gage's frontal lobe recovery may have been influenced by brain plasticity (Macmillan, 2002). Although Harlow (1868) put forward there were noticeable changes in his demeanour, also noticed by his co-workers who said that the previously pleasant and hardworking male turned openly anti-social and his personality drastically altered, Damasio (2006) and Diamantis (2019) argued that Gage's personality transformation was not as significant as some accounts had led scholars to believe, according to verified evidence from others who knew Gage at the time. Anecdotal evidence is subjective in nature (Lyubomirsky & Lepper, 1999), but despite that, this was arguably the first time that an association was considered between a certain type of brain injury and how that manifested in a  change of personality (Szczepanski & Knight, 2014). Gage's personality alteration has been supported by cognitive neuroscience research throughout the recent years, showing how damage to this area may produce significant changes in personality by eliciting unpleasant emotional responses and increasing levels of aggression and irritability (Naylor et al., 2017). 
Since Harlow's (1868)'s detailed interpretation, recent neuroscientific studies have emphasised that computational reconstructions based on Gage (1848)'s skull fractures have pinpointed the injured PFC areas, which are now linked to autonomic, social, and emotional control (Beauregard, 2007; Šimić et al., 2021). This is an important area within this field because these variables have a significant role in regulating attention, impulse inhibition, prospective memory, and cognitive flexibility (Markus, 1977; Beauregard, 2007; Šimić et al., 2021). Overall, Gage (1848)'s case study is interesting to both neuroscientists and psychologists because it gave the first hint that frontal lobe damage might impair cognition and concern for others (May et al., 2022). Harlow (1868)'s earlier findings have prompted many specialists to suggest that neurological injury may play a role in recidivistic and violent criminal behaviour.
In a more comtepmpory society, research has supported the concept that the human PFC, in evolutionary change, is what makes individuals rational, intellectual, and moral beings (Mobbs et al., 2009; Yama, 2020). With its extensive history and theoretical significance to social behaviour, the PFC was one of the first to be examined in violent and anti-social societies. Specifically, several research on individuals with focal frontal lobe damage, have validated Harlow's case (Yu et al., 2020).
Grafman et al. (1996) discovered that higher aggressive/violent scale ratings were most significantly related to similarly localised PFC lesions in a sample of 279 Vietnam War veterans in one of the biggest investigations of individuals with brain injury to date (Raymont et al., 2011). Higher scores, on the other hand, were largely connected with verbal aggressiveness and less so with physical aggression, which corresponds to Harlow's findings of Gage (1848). Considering the criteria of Patrikelis et al. (2019), these investigations, together with clinical data, have led many to believe that PFC injury causes acquired sociopathy or pseudopsychopathy (McHale, 2022).
Raine et al. (2000) reported that individuals with anti-social personality disorder (APD) showed an 11 per cent loss in PFC grey matter when compared to the controlled variable using noninvasive structural brain imaging. Considering the criteria of Thoma et al. (2013), it seems that APD among the participants is a consequence of grey matter degeneration affecting their cognitive capacity by losing control of fine motor abilities and lowering their autonomic arousal in response to social stimuli. Matter decreases were also connected to decreased autonomic arousal in response to social stressors, specifically as Stress reduction correlates with structural changes in the amygdala (Frith, 2009), as well as seen by a decrease in the heart rate. Studies of aggressive patients and pathological liars found similar declines, specifically among aggression and deviance among adolescents (Costello & Angold, 2016). Although, Bludau et al. (2016) indicated that such morphological and volumetric aberrations may or may not be linked to behaviour. 
There should be more connections between anatomy and function in brain imaging, according to theory (Koechlin & Summerfield, 2007; Park & Friston, 2013). Specifically, by the use of positron emission tomography scanning, neuroscientists have found lower resting regional cerebral blood flow in the frontal lobes of aggressive persons and convicted offenders (Sun et al., 2022). Furthermore, it seems the orbital and medial PFCs of healthy persons are less responsive to evoked anger and imagined violent offences (Sun et al., 2022). These results indicated that a reduction in the recruitment of the PFC's inhibition processes causes impulsive aggressive behaviour (Puiu et al., 2018).
According to early research by Bowlby (1969), a person's sense of self, feeling of relatedness, and ability to control emotions and mentalize are all shaped by their early experiences with attachment and relational interactions. Bowlby (1969) referred to these as internal working models (IWM) and proposed that humans are born with a capacity for intersubjectivity and empathy that allow them to internalise both positive and negative interpersonal encounters. 
Earlier (Cassidy & Mohr, 2001) and more contemporaneous (Horowitz, 2018; Mucci, 2018; Schore, 2019) research indicates that traumatic experiences, particularly attachment trauma and early relational adverse experiences, not only promote dissociation and psychopathology, causing a vertical disconnection in the mind-brain-body system, but also elicit impulsivity, lack of effortful control, emotional dysregulation, and the use of immature defences, all of which the well-regarded (Rohan et al., 2019) 5th edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) criteria (American Psychiatric Association (APA), 2013) describe as indications and symptoms of maladaptive personality characteristics, such as those associated with personality disorders (PBD). Furthermore, research postulates that psychopathologies constituted as persistent abuse and dysfunctional families are often exacerbated by an early trauma-induced loss of limbic-orbital-frontal connections (Dye, 2018; Tiwari & Gonzalez 2018). The previous studies encourage the traditional notion that being exposed to attachment events activated a brain network that is recruited to reflect one's own and others' mental states. Findings specifically by Dye (2018) are consistent with attachment theory, which claims that the capacity to appropriately receive and analyse social cues from the attachment figure is crucial for successfully behaving in attachment relationships, giving security and closeness to the attachment figure.
Furthermore, to better understand how humans' different cognitive representations are linked to the human brain's self–other processing, Courtney and Meyer (2020) maintained it is pivotal to understand how the human brain is connected.  It has been argued that it is only via fostering self-other interactions within the framework of attachment that a child's brain areas involved in self and social development that can acquire the ability to control cognitive and emotional states throughout the early stages of development (Farroni et al., 2022), which is supportive of Vygotsky (1934)'s early Sociocultural Theory of Cognitive Development (Penuel & Wertsch, 1995). From a neuroscience perspective, it seems  5-year-old children who have had more maternal touch experiences have increased connectivity in the right dorsomedial part of their prefrontal cortex (Blakemore, 2012), which may have a positive effect on social brain development (Blakemore, 2012; Andrews et al., 2021). Inversely, supportive of Piaget's Cognitive Development Theory (Wadsworth, 1971), research (Alderson-Day & Fernyhough, 2015) indicates that substantial hindrances in personal growth can often occur when individuals are deprived of such educational encounters.
Although it seems there are many more places where a person's predisposition to engage in anti-social behaviour might be influenced as a result of a brain injury (Eysenck, 1997). Human brain imaging and lesion studies have shown that the amygdala has a role in the theory of mind, aggression, and the ability to recognise fear and grief in faces (Sander et al., 2003; Mobbs et al., 2009).
According to the violence inhibition paradigm, when individuals are violent toward others, both sad and frightening facial signals act as important inhibitors. Studies show that those with a history of aggressive behaviour have reduced facial emotion perception, which indicates this may be connected to amygdala dysfunction (Halperin, 2015). Low expression of the enzyme MAOA, which catabolizes monoamines, including serotonin (5-HT) and has been connected to an increased predisposition for reactive aggression in abused children (Blum et al., 2014), which has recently been shown to be associated with amygdala volume alterations and hyperactivity (Halperin, 2015).Functional magnetic resonance imaging (fMRI) has been employed in recent research to investigate the neuroscience of attachment in humans and has supported fMRI as a possible neuroimaging probe for assessing social cognition/mentalising associated with attachment in healthy and pathological individuals. For instance, Labek et al. (2016) used fMRI to characterise the unique neural substrates engaged by exposure to attachment vs. non-attachment scenarios and discovered that among 25 healthy participants of an Austrian university, exposure to attachment situations engaged a brain network that recruited to participants to reflect on their own and others' mental state, which was expected when considering Bowlby (1969)'s Attachment Theory. Using George and West (2012)'s Adult Attachment Projective Picture System, Labek et al. (2016) compared healthy variables to showcase that a similar inference may be made with anterior insula activations, which are more overtly related to emotional concepts. Considering the criteria of Nee (2019), Labek et al. (2016)'s sample size was adequate for a reliable fMRI task-based study to support the findings. Similarly, considering that Austria and Germany share relations in terms of culture and language (REF), their use of the German Version of the Centre for Epidemiologic Studies Depression Scale seemed an adequate methodology choice (Missinne & Brake, 2012), which arguably validates Labek et al. (2016)'s results. Additionally, the scale is considered to have good factorial validity and stability across ages in a German population-based sample (Radloff, 2012), which further validates Labek et al. (2016)'s results. Furthermore, a major characteristic of personality disorder, according to Labek et al. (2016)'s study, is the ability to identify oneself and others in terms of mental processes. Labek et al. (2016) endorsed using fMRI tests that activate brain regions associated with self and empathy characteristics to assess the functional type of personality disorders despite the fact that attachment theory and implicit characterizations of others are important theoretically and empirically issues that reflect the increasing recognition of the importance of personality functioning.
Cruciani et al. (2021) indicated that the limbic and CMS regions are fundamentally engaged in the setting of attachment and have an influence on self-other related processes. The brain correlates of attachment trauma, such as borderline personality disorder, have been the subject of several investigations.
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