“Neuroscience might help solve the early vs late selective attention debate”, critically discuss how neuroimaging studies have challenged traditional theories of attention.



In the field of neuroscience, the study of attention is a frequently debated topic. Leading to the development of many theories, the literature surrounding the early versus late selective attention debate has yielded contradicting findings. The purpose of this essay is to critically discuss how neuroimaging studies have challenged traditional theories of attention. This essay will begin by defining what is meant by the term attention and then discuss the Broadbent Filter Model (Broadbent, 1958), and the Late Selection Model (Deutsch & Deutsch, 1963), bringing in relevant, neuroimaging empirical evidence for critique; and then will finalise with a conclusion, proposing recommendations for future research. 

Often defined as the capacity to choose and prioritise relevant stimuli for selective processing (Chun et al., 2011; Desimone & Duncan, 1995), the study of attention from a neuroscience perspective has led to the development of several models of early and late selection. One popular early selection model of attention, known as a bottleneck theory, is the Broadbent Filter Model (Broadbent, 1958). According to the model, individuals are incapable of consciously attending to all of their sensory input at the same time (Broadbent, 1958). In further detail, the model states that information enters an infinite capacity sensory buffer, and then one message is chosen for further processing by entering a filter where it is accessed by short-term memory. The purpose of the filter is to ensure that the information-processing system is not overloaded, when information does not process through the filter, it is rejected, and the information is immediately lost (Broadbent, 1958). Broadbent (1958) conducted a split span experiment in order to investigate how individual's selectively attend to information. This included purposely overloading participants with stimuli, sending different messages to their right and left ears and are told to ignore messages from one of the ears, and are tested on whether they recall information they were told to unattended (Wood et al., 2000). Using the same experiment, Friedenberg and Silverman (2012) discovered that participants had a poor ability to recall information from the unattended channel but can accurately recall information from the attended channel, providing empirical evidence that supports Broadbent’s model. Challenging this, Wood et al. (2000) argued that results from split span experiments should be interpreted with caution as most people have a right ear advantage, meaning that messages presented to the right ear could more easily be attend to than the left ear, and thus could tamper with the results. to better understand the mechanisms of attention, many researchers have conducted neuroimaging animal experiments. A study conducted by Hernández-Peón et al. (1956) implanted bipolar electrodes (BPE) into the dorsal cochlear nucleus of cats to record activity in the auditory pathway. Using three different types of sensory modalities to attract the cats’ attention, results found that when the cats attended to sounds, activity in the cochlear nucleus was great and when ignoring the sounds, the amplitude of activity was low (Hernández-Peón et al., 1956). Although these findings do provide support for early selection theories of attention, they do have methodological limitations as the animals were allowed to move around during the experiment, suggesting that future researchers should look at conducting the experiment with human participants to minimizes the risk of unattended information being attended to (Hernández-Peón et al., 1956). In line with this, a study conducted by Dewson et al. (1966) discovered that excisions of the auditory cortex affected responses of the cochlear nucleus. Furthermore, Hillyard et al. (1973) investigated electrical signs of selective attention in the human brain and discovered that when individuals attended to a series of ton pips in one ear, the evoked potentials were substantially larger in comparison to evoked potentials from the ignored ear, again lending credence to early selection models. On the other hand, late selection model proposed by Deutsch and Deutsch (1963) suggest that all information is attended to and attention operates after information has been fully processed. Testing this, Gray and Wedderburn (1960) used a split-span experiment where participants were presented with a mixture of numbers and words in each ear. When recalling what they heard, participants recalled words first and then numbers, suggesting that stimuli is attended to based on the meaning, showing evidence of late selection (Gray & Wedderburn, 1960). Although there is empirical support for both early versus late selection, the mass of this support is minimal, suggesting that future researchers need to assess early versus late selection through the use of neuroimaging techniques in order to better understand the debate.

In response to the lack of neuroimaging evidence for both early and late selection, it has been proposed that the debate could be resolved through the role of perceptual load (Lavie, 1995). Perceptual load views information processing as an automatic procedure which has limited capacity but processes all information. Attending tasks which require a large amount of information processing could overwhelm the capacity and result in the individual having no perception of information that was unattended (Lavie et al., 2014). Neuroimaging studies have found that the degree of activity in the visual cortex associated to irrelevant information processing was dependent on the level of load in a related task (O’Connor et al., 2002; Tong et al., 1998), however a drawback is that these studies did not account for distracters on visual awareness. To address this, Rees et al. (1997) conducted a neuroimaging experiment that took motion-distractors into consideration during high load or low load tasks and discovered that high-load processing shortened the length of distraction, implying that perceptual load impacts awareness. 

Overall, it is clear to see that the literature surrounding the early versus late attention debate has mixed findings. Neuroimaging has provided empirical support for early selection, demonstrating that attention to information eliminates unattended information (Hernández-Peón et al., 1956); and has also provided empirical evidence for late selection, showing that attention to stimuli is based on the meaning of the information (Gray & Wedderburn, 1960). However, some methodological limitations and lack of neuroimaging studies with human participants suggest the need for future research to assess early versus late selection through the use of neuroimaging with human participants, in order to determine whether a whole approach, such as the Perceptual Load Theory could resolve the early versus late selection debate. 
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Critically discuss the role of neuroscience in our furthering developing understanding of memory.


Evidence suggests that over the years, neuroscience has further advanced our knowledge of memory. Leading to the identification of a memory structure within the brain, the literature surrounding memory has generated varied findings. The purpose of this essay is to critically discuss the role of neuroscience in relation to further developing our understanding of memory. This essay will firstly define what is meant by the term memory, and then describe how neuroscience has developed this understanding. Relevant empirical evidence will be drawn upon for critique and will conclude with recommendations for future research. 

In recent years, there has been an increasing interest in biological and cognitive neuroscience and because of this, it has enhanced our understanding of memory (Ofen et al., 2019). Defined as the ability to encode, sore and retrieve information regarding past experiences (Squire, 2009), neuroscience has played an important role in unravelling details of individual differences in memory performance like working memory capacity (Schneider & Ornstein, 2015) and memory development (Ofen et al., 2016). An early study conducted by Scoville and Milner (1957) discovered that bilateral medial temporal lobe excisions can alleviate epilepsy however, the patient did endure difficulties making new memories and retrieving some past memories. These findings were one of the first to display that memory is a distinct function (Scoville & Milner, 1957). One popular method for assessing memory-related brain activations is through the use of functional MRI’s (fMRI) (Spaniol et al., 2009). Research has shown that different parts of the brain like the prefrontal cortex and the medial temporal lobes are activated when a person is using their memory (Brewer et al., 1998; Schacter & Wagner, 1999). 

In order to assess memory development, researchers tend to compare age-related differences through functional imaging in order to identify the structure of stable or declining memory (Small, 2001). Although the use of an fMRI to assess memory related brain activities has been shown to yield credible findings (Kim, 2011); it has been criticised as it cannot track sub-second processes which occur in memory function (Ofen et al., 2019). Instead, other techniques such as eye tracking and non-invasive electrophysiology (EEG/MEG) are preferred (Eckstein et al., 2017; Werkle-Bergner et al., 2006) as they can measure the brain in real time. A study conducted by Dickerson et al. (2004) investigated the role of the temporal lobe in memory performance through the use of an fMRI and discovered that greater activation in within the parahippocampal region is associated with greater cognitive impairment, suggesting that fMRI scans are useful for clinicians in the diagnosis and assessment of the severity of Alzheimer’s Disease (Dickerson et al., 2004). In contrast a study conducted by Machulda et al. (2003) who also used an fMRI study discovered a decreased medial temporal lobe activation in both patients with Alzheimer’s and low cognitive impairment and compared to the healthy participants those with either Alzheimer's or low cognitive impairment had low activation in the parahippocampal gyrus and hippocampus, suggesting that clinicians should look out for low activation in the medial temporal lobe region when assessing patients with Alzheimer’s in order to identify worsening changes (Machulda et al., 2003). The variances in results suggest the need for future longitudinal study to assess medial temporal lobe activation in healthy subjects and patients when performing memory tasks in order to benefit both clinicians in the diagnosis of cognitive impairment illnesses such as Alzheimer’s but also for researchers wishing to duplicate the studies. However, as fMRIs were relatively new at the time of the study, it does lend credence to the results and highlights the importance of contemporary research to identify the best method for assessing memory function (Glover, 2011).

Overall, looking at the literature it is clear to see that neuroscience has played an important role in understanding and enhancing our knowledge of memory. Neuroscientific research has shown that memory is a distinct function which activates many different parts of the brain. Neuroimaging studies have shown the usefulness of their techniques, which is beneficial for clinicians; however, contradicting findings highlight the importance for future research to identify the most reliable method for assessing memory function in order to yield credible findings for the healthcare system and the research field. Lastly, this essay did not explore memory theories from a neuroscientific viewpoint, which might have been useful to do so in order to determine the extent to which neuroscience has further advanced our understanding of memory. 
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