Critically discuss how neuroimaging techniques have enhanced our understanding of social cognition

Social cognition is defined as the psychological processes involved in an individual’s social interactions (Frith, 2008). Antonucci (2018) add that social cognition involves processes which are responsible for perception, decision-making, and decoding other behaviours and intentions. The area of research is said to have thrived in recent years (Happé & Frith, 2014) and Slaughter et al., (2014) suggest that social cognition is essential throughout the lifespan. Impairments in social cognition are a main concern of researchers (Antonucci, 2018) and the DSM-5 lists social cognition as a main area of deficit in individuals with a range of neuropsychiatric, neurodevelopmental and neurodegenerative conditions (DSM-5; American Psychiatric Association, 2013). With regard to social cognition, neuroscience focuses on the areas in the brain which mediate processes of social interaction (Antonucci, 2018). Neuroscience research aims to explore these processes and mechanisms using neuroimaging techniques in neurotypical and atypical individuals (Happé & Frith, 2014). This essay will critically discuss how neuroimaging techniques have enhanced our understanding of social cognition.

One technique used to explore social cognition is the fMRI or functional magnetic resonance imaging (Logothetis, 2008). This technique is described as the backbone of neuroimaging in cognitive neuroscience and it measures haemodynamic changes after neural activity (Logothetis, 2008). Overwalllo et al., (2013) considered the role of the cerebellum in social cognition using a meta-analysis. Over 350 studies were included in the analysis and all studies used the fMRI as their neuroimaging technique. It was found that the cerebellum plays an essential role in social cognition especially in providing semantic and executive support. The study is praised for its large number of studies published over 12 years which increases the usefulness and generalisability of any findings (Gøtzsche, 2000). It is worth noting however that only studies concerning healthy individuals were considered which may have negatively impacted the validity of findings (Gøtzsche, 2000).

Redcay et al., (2010) also considered social cognition using the fMRI. The researchers imply that most fMRI research considers hypothetical or observed social interaction and to overcome this limitation they carried out face-to-face social interactions between the participant and researcher using a live video feed. Their aim was to identify brain areas involved in social cognition. Many areas were found to activate during the study including the ventral striatum, right superior temporal sulcus, right temporo-parietal junction, amygdala and the anterior angulate cortex. A good sample size was noted which increases the reliability of findings (Jeno et al., 2018). However, all individuals were healthy and from one area which decreases the overall generalisability. The authors note one further limitation as social exchanges were highly scripted which they note may have impacted the results (Redcay et al., 2010).

Krämer et al., (2009) set out to explore social cognition and empathy using an fMRI study. They examined which areas of the brain were activated when individuals felt empathy for others. They note increased hemodynamic responses in the superior temporal sulcus and the medial prefrontal cortex, suggesting that these areas are involved in social cognition related to empathy. The study was praised for including a control group which Pithon (2013) notes increases the validity of findings. The authors do note that as deception was involved in the study and participants were told to study images as part of a memory tasks they cannot confirm feelings of empathy. Tylén et al., (2012) found further support for the activation of the superior temporal sulcus in their fMRI study of 22 adults. They combined the use of an fMRI and eye-tracking software providing further support for the superior temporal sulcus being activated in social cognition. 

Gallagher and Frith (2003) suggest that functional neuroimaging techniques such as the fMRI have been crucial in understanding which areas of the brain are associated with theory of mind. They describe theory of mind as an individual’s ability to predict and explain other people’s behaviours with references to their desires and beliefs. This research is expanded on in Meyer et al., (2015) study which considered the mentalizing system function associated with theory of mind. Their fMRI study considered social cognition and social working memory. The medial frontoparietal system was found to be involved in social cognition. The academics argue that this finding improves our understanding of the mentalizing system function. The study is praised for its sample size of 25 individuals which is typical for neuroscientific studies (Redcay et al., 2010).

Social cognition was explored further in Kelley et al., (2002) fMRI study. Participants were required to make judgements about a range of topics across three conditions (case judgement, self-relevance and other relevance) in the scanner. When individuals made judgements relevant to them their anterior cingulate and left inferior frontal cortex was activated. Kelley et al., (2002) suggest that self-referential processing is dissociable from other semantic processing. The study is limited in its generalisability as it is outdated.

The studies discussed above improve our understanding of social cognition from a neuroscientific perspective using the neuroimaging technique an fMRI. It can be concluded that cerebellum dysfunction leads to detrimental effects on social function (Overwallo et al., 2013), and that the fMRI has improved our understanding of the mentalizing function (Meyer et al., 2015). Many other areas are said to be activated during social cognition including the ventral striatum, right superior temporal sulcus, right temporo-parietal junction, amygdala, medial prefrontal cortex and the anterior angulate cortex (Kelley et al., 2002; Krämer et al., 2009; Redcay et al., 2010; Tylén et al., 2012).

Limitations of individual studies have been noted however it is necessary to consider the strengths and limitations of the fMRI itself. The fMRI is considered to be a valid, non-invasive and increasingly available tool with a good capacity to display brain area activation (Logothetis, 2008). However, the technique measures a surrogate signal, cannot accurately distinguish between tasks in the same area and may confuse inhibition and excitement (Logothetis, 2008). Having said this, the fMRI is considered the best neuroimaging tool available for exploring brain function and it can be concluded that neuroimaging techniques have improved our understanding of social cognition.
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Critically discuss the impact of neuroscientific studies in enhancing our understanding of how a neuroactive drug (or drugs) might influence our behaviour. 

Many researchers have explored drugs and their use from a neuroscientific perspective including the use of caffeine, marijuana, alcohol and nicotine. Kopplestaetter et al., (2007) explored the effect of caffeine on verbal working memory. Participants were placed in an fMRI and were given a verbal working memory task to complete. Fifteen individuals were included in the study which is considered a medium sample size and may have affected the generalisability of findings (Hackshaw, 2008). A placebo group was included in the study which Pithon (2013) argues increases the reliability of findings. The use of caffeine was seen to cause increased activation in the bilateral medial frontopolar cortex. Kopplestaetter et al., (2007) suggest that caffeine modulates neurone activity. Some limitations of the fMRI as an imaging technique are worth noting including that the fMRI measures surrogate signals and may confuse inhibition and excitation (Logothetis, 2008).

Mulderink et al., (2002) also explored the effects of caffeine on the brain using an fMRI. The generalisability of any findings are limited as all participants were university students at a single university (Jeno et al., 2018). However, the academics used a control group which Pithon (2013) notes increases the reliability and validity of findings. Caffeine was found to decrease cerebral perfusion and was labelled a cerebral vasoconstrictor. Mulderink et al., (2002) argue that caffeine has the potential to become an fMRI contrast booster as those with higher blood caffeine levels presented with improved image resolution. The authors note some limitations of their study including that they failed to measure baseline caffeine levels and that weight was not taken into account. They explain that weight may have altered the effect of the caffeine leading to some variability in responses.

Serra-Grabulosa et al., (2010) add to the literature on caffeine by exploring sustained attention, glucose and caffeine using an fMRI. Hackshaw (2008) praises the good sample size of 40 for increasing the reliability of findings. Participants were placed in an fMRI and were given a continuous performance task to measure sustained attention. All individuals had similar performance but for those with higher levels of caffeine and glucose they displayed with a decreased activation in the bilateral left and parietal prefrontal cortex. The authors conclude that glucose and caffeine must increase the efficiency of an individual’s attentional system. Serra-Grabulosa et al., (2010) do emphasise that their results are preliminary and that larger longitudinal studies are necessary. They note low generalisability due to all participants being healthy and young and that their between-subjects design may have caused variability in findings.

In addition to caffeine some academics have explored marijuana. Schweinsburg et al., (2010) explored marijuana use in individuals aged 15-18 using an fMRI. The study included three groups, recent users (those who had taken marijuana within the last 9 days), abstinent users (those who had refrained from using for 28 days or more) and a control group which increases the reliability of findings (Pithon, 2013). Individuals were given a spatial working memory task in the scanner. All participants performed similarly but users had greater activation of the bilateral insula and left and medial superior prefrontal cortices. The academics argue that marijuana users may have disrupted neural connections leading to the brain responding in a compensatory way. Many limitations of this study have been noted including its cross-sectional nature, small sample size and that the majority of users were also heavy drinkers.

Smith et al., (2010) explored marijuana use in young adults in their study which included participants aged 19-21. Visuospatial working memory was explored using a visuospatial working memory task completed in an fMRI scanner. Marijuana users presented with greater activation in their middle and inferior frontal gyri. These areas are not commonly associated with visuospatial working memory tasks leading the authors to believe that the brain initiates compensatory measures as a result of marijuana use. They add that marijuana leads to altered neurone function and that although compensatory measures can be observed deficits may still be present in the real-world. These findings are supported by Schweinsburg et al., (2010) research which was discussed earlier. The study is praised for its control group (Pithon, 2013) but is limited as the fMRI may have confused inhibition and excitation (Logothetis, 2008).

Levin et al., (1998) used an fMRI to explore the effect of alcohol on the brain. The use of the fMRI is praised for being non-invasive and an excellent tool for exploring brain activation (Logothetis, 2008). A progressive reduction in response was found with alcohol use and the effects of alcohol were seen to be increased in the right hemisphere of the brain. Levin et al., (1998) concludes that alcohol’s cerebral effects can be effectively studied using neuroimaging techniques.

Calhoun et al., (2003) also explored the effects of alcohol. They examined alcohol intoxication and visual perception using an fMRI. Both local and global effects on the brain were found with intoxication and the precentral regions of the brain were activated. The academics note that their research is limited as only an fMRI was used, they add that using multiple neuroimaging techniques would have improved the reliability of their findings.

Kenny and Markov (2006) conducted an animal study exploring the drug nicotine and its effect on brain sensitivity. Self-administered intravenous nicotine was administered during 1 hour or 12 hour daily sessions. Reward thresholds were intermittently assessed. Nicotine was seen to increase brain reward system sensitivity and the excitation caused by nicotine continued for more than 36 days after nicotine consumption had ceased. This effect was seen to be unique to nicotine. The study is praised for following animal research guidelines. However, Bracken (2009) note that animal studies may be inappropriate for indicating human responses. They add that animal studies tend to have small participant groups and are generally poorly analysed, conducted and designed.

The above academics have each explored how neuroimaging techniques add to our understanding of drug use. Caffeine was seen to modulate neurone activity (Kopplestaetter et al., 2007), increase the efficiency of the attentional system (Serra-Grabulosa et al., 2010) and has potential as an fMRI contrast booster (Mulderik et al., 2002). Neural connections were found to be disrupted with marijuana use across both studies (Schweinsburg et al., 2010; Smith et al., 2010). The use of alcohol had local and global effects (Calhoun et al., 2003) and resulted in progressive response reduction (Levin et al., 1998). Kenny and Markov (2006) explored nicotine and found increased brain reward system sensitivity with the drug. Neuroscientific studies have had a large impact on the research into drugs and how they affect behaviour.
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