Critically evaluate how drug and alcohol consumption can influence performance on cognitive tasks

A drug is a chemical substance, natural or synthetic that produces physiological, structural or functional changes when taken into the body (World Health Organization, 1994). Drugs can be used for the treatment of disease, maintenance of a condition, or taken recreationally. The term drug encompasses substances such as the caffeine in a morning coffee, the nicotine in a cigarette and the alcohol in an evening glass of wine, such legal drugs are consumed by many people daily. It is crucial to understand the effects that drug consumption has on cognitive processes in order to develop appropriate legislation to regulate safe substance use. A key example of this is the setting of a legal safe blood alcohol limit when operating a vehicle, currently set at 80mg/100ml blood in the United Kingdom (UK Government, 2019). In this essay, the effects of alcohol and caffeine consumption on the cognitive tasks of perception, attention and memory will be considered. 

Alcohol (ethanol) is one of the most widely consumed drugs globally, often taken for the purposes of unwinding or enjoying an evening (Weissenborn & Duka, 2003). In common with other central nervous system depressant drugs, alcohol consumption is well documented to impair multiple attentional and memory processes through reducing accuracy, slowing reaction times, and impairing memory formation (Benson, Tiplady & Scholey, 2019; Clifasefi, Takaringi & Bergman, 2006; Leitz, Morgan, Bizby, Rendell & Curran, 2009; Aseffi & Garry, 2003). Alcohol consumption is also associated with an increase in risk seeking behaviours, often paired with an impairment of one’s ability to assess their own performance, resulting in an individual becoming ‘poorly calibrated’ (Flanagan et al., 1983), which has been observed cognitively through a speed accuracy trade off (SATO; Mackay, Tiplady & Scholey, 2002). 

Caffeine is the most widely consumed psychoactive stimulant globally, found naturally in many foods and beverages, primarily tea and coffee (Heckman, Weil & DeMaja, 2010). Caffeine is universally understood to have positive effects on vigilance and attention (Brunye, Mahoney, Leiberman, Giles & Taylor, 2010; Brunye, Mahoney, Lieberman & Taylor, 2010), resulting in consumption with the intention to increase wakefulness (Smith, 2013). The positive effects of caffeine on performance result from caffeine’s ability to block the inhibitory process of endogenous adenosine (Smits, Bokema, DeAbreat, Then & VantLare, 1986), resulting in an increase in the release of dopamine, norepinephrine and glutamate (Okada, Mizuno & Kaneke, 1996). 

The consumption of a drug can have both physiological and psychological effects, it is critical to be able to differentiate between physiological responses, and psychological (placebo) responses in relation to the dependent variable of interest. The balanced placebo design (BPD; Rosenow & Marlatt, 1981), involving four test conditions; told drug-consumed drug, told drug-consumed placebo, told placebo-consumed drug, told placebo-consumed placebo, was designed in order to allow clear differentiation between placebo and physiological effects. Through the utilisation of such a design on alcohol studies, physiologically alcohol has been found to increase instances of inattentional blindness(Clifasefi, Takaringi & Bergman, 2006), working memory processes (Benson, Tiplady & Scholey, 2019), performance judgements (Tiplady, Franklin & Scholey, 2004) and a number of other cognitive functions. The psychological response to the belief that one has consumed alcohol appears to primarily effect social behaviours, with no impact on cognitive functions (Aseffi & Garry, 2003). It has been suggested that as a result of these findings, a partial BPD design can be used when investigating drug consumption on cognitive performance. 

Issues of perception and attention are closely related, both playing a critical role within cognitive functioning and serving as a pre-requisite for many cognitive processes, including memory. There remains considerable debate as to the exact cognitive processes that underly focused attentional processes between those holding early selection views (Broadbent, 1958; Treisman, 1964) and those holding late selection views (Deutsch and Deutsch, 1963; Duncan, 1980). Considerable research has taken place regarding attentional processes over four decades, however, as a result of the discrepant evidence and complexity of the mechanisms, a resolution is yet to be found. In response to the discrepant findings, Lavie (1995) proposed a hybrid model of early and late attention, considering the processes alongside perceptual load, which introduces working memory to the equation. Perceptual load theory suggests that if a task exhausts perceptual capacity, then unexpected stimuli will be missed to as there are no resources left to process them, whereas with a less demanding task, spare capacity is available to attend to peripheral stimuli. This load dependent processing is believed to be coupled with a cognitive control mechanism that maintains attentional direction towards a primary stimulus in situations requiring low working memory load (Lavie, Hirst, Fockert & Viding, 2004; Murphy, Groeger & Greene, 2016). 

Clifasefi, Takaringi and Bergman (2006) investigated the effects of alcohol consumption on inattentional blindness in order to investigate whether visual errors occur more frequently when intoxicated. The study utilised a 2X2 BPD experimental design, with forty seven participants, half of which received a vodka tonic beverage calculated in line with participant body mass to achieve a blood alcohol level of 40mg/100ml with the other half consuming a tonic beverage with a vodka soaked lime in order to appear alcoholic. Participants were required to abstain from alcohol for 12 hours prior to participation and breathalysed to ensure compliance. Participants observed Simons and Chabris (1999) gorilla clip, in which two teams of people, half wearing white, and half black t-shirts passing a ball to one another, participants were instructed to count the number of times that the ball was passed by the players wearing white. However, the researchers were interested in whether participants identified the gorilla that appears in the middle of the clip. The results found a moderate effect of intoxication, with 18% of intoxicated subjects detected the gorilla, compared to 46% of sober subjects. No effect was found on detection rates in the placebo group, providing support for the suggestion of Aseffi and Garry (2003) that social, not cognitive functions are affected by alcohol placebos. 

A key limitation of this study, as identified by Harvey, Bayless and Hyams (2018) was that no measure of primary task accuracy was recorded (number of ball passes), only detection of the gorilla. In order to explore accuracy, and investigate the impact of perceptual load, they developed a similar study, using a modified version of the Simons and Chabris (1999) clip, known as the monkey business illusion (Simons, 2010). The modified clip includes the additional unexpected stimulus events of a player leaving, and a curtain changing colour. Perceptual load manipulation occurs through asking players to count the number of passes made by the team wearing white t-shirts (easy) or counting the number of aerial and bounce passes made by the players (hard). One hundred and four participants were recruited at a student’s union bar, with those giving consent being taken to a quiet room and breathalysed prior to completing the study. Harley, Bayliss and Hyams (2018) results found that participants in the easy condition showed higher pass count accuracy (92.98%) than those in the hard condition (82.68%). Alcohol intoxication was a significant predictor of attentional blindness (accounting for 13% of task variance). The hard task condition had a significantly adverse effect on performance (high perceptual load), interestingly this effect was independent of alcohol intoxication. 
There are several methodological differences in the above studies. Clifasefi, Takaringi and Begman (2006) utilized a controlled experimental study, with a BPD design allowing analysis of placebo and alcohol conditions, there was strict control of alcohol dosage and a monitored abstinence period prior to participation. Harvey, Bayless and Hyams (2018) conducted a field study, recruiting participants leaving a student bar, resulting in reduced control and no placebo comparison, however allowed for measurements of performance on a spectrum of alcohol doses in a more naturalistic setting. Despite their methodological differences, both studies found that consumption of alcohol (not placebo) was found to increase instances of inattentional blindness. A finding that can be explained in part through alcohol myopia theory (Josephs and Steele, 1990), which suggests that when individuals are intoxicated, they focus on immediate, central cues over peripheral information. This theory has also been applied to social behaviours such as the decision to drink and drive as the short-term goal of getting home quickly is more salient than the potential consequences of the action (Ginkola, Josephs, Parrott & Duke, 2010). 

However, the Harvey Bayless and Hyams (2018) study’s result from the high perceptual load condition finding no effect of alcohol on performance can not be explained by alcohol myopia theory. Mind wandering, a process of the control failure hypothesis suggests that if a tasks demands exceed an individual’s cognitive capacity a lapse of attentional control may occur, resulting in participants attention shifting from the primary task, thus increasing the likelihood of identifying unexpected stimuli (Feng, D’Mello & Graesser, 2013). Also, when considering the cognitive load theory (Lavie 1999) the cognitive capacity demanded by the task may have been so great, that the consumption of alcohol could not further worsen performance at the given dosage. 

[bookmark: _GoBack]According to the attentional network theory (ANT; Posner & Peterson, 1990; Posner & Rothbart, 2007), the attentional system can be divided into three subsystems that perform different but interrelated functions; alerting, orienting, and executive control. The alerting system achieves and maintains an alert state, associated with activation in the frontal and parietal regions of the right hemisphere. The orienting system involves the selection of information from a sensory input, associated with areas of the frontal and parietal lobes. Executive control serves to resolve conflict among responses, activating midline frontal areas and the lateral prefrontal cortex (Fan & Posner, 2004). 
Brunye, Mahoney, Leiberman and Taylor (2010) conducted a double-blind, within participant repeated measures design study, utilising the Attention Network Test, developed by Fan, McCandliss, Fosella, Flombaum and Posner (2002) to test each of the three elements of the attentional network, alongside a brief mood introspection scale (BMIS) across six sessions (including an intake and practice session). The findings of the BMIS identified a significant increase in participants ratings of how lively, peppy and jittery they felt, with a significant decrease in ratings of drowsiness, tiredness and calmness. The ANT results identified that higher doses of caffeine enhanced alerting systems, executive control was also improved dose dependently with the greatest improvements observed in doses of 200mg or higher. Increased caffeine intake led to a reduction in the orienteering function which is contrary to expectation. 
One explanation offered for this finding is that as caffeine consumption increases arousal, and aroused participants are less likely to rely on spatial cues as their focus is more global (Brunye, Mahoney & Taylor, 2010) the difference between cue congruent and cue incongruent trials is not a valid measure of orienteering ability, as the cues are not being used to aid target detection (Fan & Posner, 2004). Alongside improvements to attention and working memory, caffeine consumption has been found to enhance memory consolidation in humans when consumed after the completion of an object studying task, similarly to the findings of Brunye, Mahoney and Tayor (2010) a dose of at least 200mg was required to observe this benefit (Borota, Murray, Keceli, Chang, Watabe, Ly & Yussa, 2014). 

Research into the effects of drugs and cognition are impacted by the current landscape of drugs in use. Mckay, Tiplday and Scholey (2002) identified that caffeine may have an antagonistic effect on ethanol in some aspects of performance, however, limited causal conclusions were drawn due to several methodological difficulties. In a study further investigating the combined effects of alcohol and highly caffeinated energy drinks on attentional and working memory performance (Benson, Tiplady & Scholey, 2019). Twenty-four regular caffeine and alcohol consumers participated within the study. Prior to participation all were required to abstain from alcohol and caffeine, BAC levels were recorded prior to participation to ensure compliance. A double-blind, placebo-controlled crossover design (BPS) was utilized in which the alcohol conditions received 0.6g/kg of body weight (achieving a BAC of 0.05%), the energy drink conditions received a 250ml can of red bull (containing 80mg caffeine). The conditions were as follows: alcohol/no caffeine (ALC), alcohol/caffeine (AMED), no alcohol/no caffeine (PLA) and no alcohol/caffeine (ED). The placebo energy drink was produced by Red bull as a caffeine free alternative appearing and tasting like the caffeinated version, the alcohol placebo included a vodka-soaked lime in order to appear authentic. Accuracy and response time scores were recorded on a cognitive battery test at three time points (45, 90 and 180 minutes) including attentional measures of number pairs, visual search and four choice reaction time tasks alongside the working memory measures of memory scanning, serial sevens, digit symbol matching, reaction time and visuospatial tasks.  

A main effect of time was identified, on several outcomes. A main effect of ALC, where alcohol consumption resulted in increased error rates was found in all elements of the cognitive battery test. Within the visual search task, at the 45-minute time point significantly more errors occurred in the AMED condition compared to the ALC, PLA and ED, no effect on reaction time was identified. Within the working memory measures, a main effect of ED, where energy drink consumption resulted in fewer errors was identified within the memory scanning and digit-symbol matching tasks. At the 45-minute time point of the digit-symbol matching task fewer errors were identified in the AMED compared to the ALC and PLA condition. At the 180-minute time point, more errors were made in the ED compared to the PLA condition, this finding suggests a post caffeine consumption drop in performance occurs, which can be detrimental to performance when compared to the placebo condition.   

The hypothesis that the tasks would be enhanced by energy drink consumption, reducing the detrimental effects of alcohol consumption in most tests was not supported. The finding that the AMED condition performed worse than all other conditions within the visual search task suggests that the neural mechanisms of caffeine and alcohol antagonism when consumed together are more complex than those targeted by alcohol or caffeine consumption alone. Alcohol consumption produced an expected SATO shift (see Jennings, Wood & Lawrence, 1976), increasing error rates on all attentional measures, with little effect on reaction times. 

The theories and studies discussed highlight the detrimental cognitive effects of alcohol consumption in reducing perceptual and attentional capacity. When considering the increase in inattentional blindness (Clifasefi, Takaringi & Bergman, 2006; Harvey, Bayliss and Hyams, 2018), the increased error rate in attentional tasks, poor performance on working memory tasks alongside the observed SATO resulting from alcohol consumption (Benson, Tiplady & Scholey, 2019). It is no surprise that individuals under the influence of alcohol are considerably more likely to be involved in a road traffic collision as a result of their reduced cognitive capacity. When considering these findings in line with alcohol myopia theory (Josephs & Steele, 1990) and cognitive load theory (Lavie, 1995) the consumption of alcohol reduces one’s cognitive resources. When driving a vehicle this may mean that one’s cognitive resources are exhausted by controlling the vehicle, resulting in a lack of attentional and perceptual capacity available to identify secondary information, such as a pedestrian or another vehicle, increasing the likelihood of involvement in a vehicle collision. Also, an intoxicated individual is more likely to focus on short term goals, with little consideration of longer-term consequences, and as demonstrated by the SATO, in order to maintain speed of response, response accuracy falls, again increasing the risk of a road traffic collision. The above findings call into question, if significant impairments in cognitive function are observed when BAL reaches 40mg/100ml and 60mg/100ml, should the legal driving limit in the UK be set so highly at 80mg/100ml.  The finding that peripheral information is recall is impaired is also relevant for forensic and criminal setting in order to interpret the accuracy of statements made by intoxicated witnesses (Bayless & Harvey, 2017),  it allows understanding that primary event recall is likely to be accurate however peripheral details may be lacking. 

Alcohol and other drugs affect human performance on a number of cognitive tasks, this essay has briefly considered some of the ways in which alcohol can be detrimental to attentional performance (Clifasefi, Takaringi & Bergman, 2006), some of the attentional performance benefits of caffeine consumption (Brunye, Mahoney, Leiberman & Taylor, 2010), and the interaction effect that occurs between attentional and memory systems when alcohol and caffeine are consumed together (Benson, Tiplady & Scholey, 2019). There is no simple answer to the question of how drugs affect cognitive performance, as a result of the intricacy of the human physiology and the complexity of cognitive functioning. 
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