Literature review
Attention is known as the cognitive process of selectively concentrating on a specific aspect of information while simultaneously ignoring other perceivable information (Eyesneck & Keane, 2015). In psychology, attention is not one singular construct nor a fixed pattern that operates in a single way between cognitive modalities. Many psychologists define attention differently according to the situational context and modality on which they focus. However, throughout these different explanations, common attributes exist and create an overarching view of attention. These elements show attention as having a limited capacity of information processing (Shiffrin, 1988), meaning not all stimuli coming through our senses can be attended to simultaneously. Attention has also been described by cognitive psychologists as the allocation of limited cognitive processing resources to something of interest to an individual (Johnson, 2004). Therefore, limited capacity suggests that attention requires a level of focalisation and can be objective and subjective (Anderson, 2004).  
The ability to pay attention to specific thoughts in our heads and stimuli in our environments is very important in all aspects of life. Attention allows us to cope with the intrinsic capacity limitation of our brains and also facilitates stimulus detection, stimulus perception, thinking, memory, learning, recruitment of relevant processors and preparation for action (James, 1890). As there are so many stimuli coming from the environment, attention allows us to focus on what we perceive as important to us at any given time. This ability allowed early humans to see to it that our most basic needs are met and ensured survival. In present-day humans it allows us to navigate through environments which are becoming increasingly dense with stimuli through the modern busy way of life and undertake everyday tasks such as driving that captures high levels of an individual’s attentional and perceptual resources. These attentional and perceptual resources aid us in social interactions, travelling, learning, work, safety, health, and survival. Research in these areas helps us to understand the underlying psychological processes that enable us to utilize these abilities in these areas (Eyesneck & Keane, 2015). William James (1890) noted a distinction between passive and active modes of attention. Attention is said to be active when it is being controlled in a top-down way by an individual’s aims or beliefs and is said to be passive when controlled in a bottom-up way by external stimuli coming from the environment. Similarly, Corbetta and Shulman, (2002); Corbetta et al, (2008), argue that there are two networks of attention within the visual modality. One goal orientated or top-down network, influenced by expectations and current aims, whereas the other is stimuli orientated or a bottom-up network, which works when an unpredicted possibly significant stimuli appears in the environment. Different types of attention include sustained attention, this is the ability to focus on one specific task and avoid distractions for a long period. Research here allows us to study attentional mechanisms strengths and weaknesses. Focused attention requires processing one input at a time. This is studied commonly using the Stroop test (see for example, Stroop, 1935 and Kahneman et al, 2017) a method where participants are presented with two stimuli to the same sensory organ and asked to focus on only one of the stimuli suppressing inappropriate responses avoiding interference of distractor stimuli and plays a key role in deciphering cognitive abilities such as problem-solving and reasoning (Commodari, 2017 and; Sohlberg & Mather, 1989). 
 
Attention plays a major role in visual perception. Recent research involving attention mostly focusing on the visual modality and a phenomenon known as change blindness. Which strives to give an explanation of the effects focused attention has on perception within the visual modality. The visual modality is seen as the most important and complex sense for sensory input in the human mind as a large portion of the human cortex is dedicated to processing visual stimuli (Eyesneck & Keane, 2015). The phenomena termed as inattentional blindness was first coined by psychologists Arien Mack and Irvin Rock in 1998. They aimed to explain the relationship between attention and perception within the visual modality. The primary motivation behind their investigations fell before them as a weakness in previous literature. Research that came before used response times as a method for measuring the presence or absence of attention for perceptual processing abilities during visual load tasks (see, for example, Treisman & Gelade, 1980; and Elgy, et al., 1994). This according to Mach and Rock (1998) was not a valid measure of attention. During several studies on perception and attention, the pair found a significant number of participants (25% overall) failed to detect other stimuli appearing on a trial when they had been instructed to fixate on an X stimulus target with the unexpected stimuli appearing near the fixation point. They assumed that inattentional blindness occurred because participants were not attending to the unseen stimuli and this caused the inability to perceive its presence. These results indicate that the relationship between what is in one's visual field and perception is based much more on attention than was previously thought (Chabris & Simons, 1999). 
 
One of the best-known studies demonstrating inattentional blindness ‘The invisible gorilla test’ carried out by Christopher Chabris and Daniel Simons in 1999 invited 228 participants to watch a video clip of people passing a basketball between themselves. The observers were asked to count the number of passes made or the number of throw passes versus bounce passes made throughout the clip. Afterwards, the participants were asked if they noticed anything unusual happening during the clip. In most of the tests, approximately 50% of the observers reported seeing nothing out of the ordinary. But, during the clip, they had failed to notice a woman dressed as a gorilla make her way across the visual field stopping in the middle to thump her chest at the camera and carry on walking off the screen. The explanation derived from this experiment echoes the assumption made by Mack and Rock, that the failure to perceive the anomalies is attributed to failure to attend to it while engaged in the difficult task of counting passes of the ball (Eriksen et al., 1980). Additionally, the study was conducted again only this time participants were asked to count the number of passes between two separate groups differentiated by different colour t-shirts. One group wore black and the other wore white. The participants that counted the number of passes between the white shirt group noticed the gorilla less often than the participants that counted the passes between the black shirts. This indicated that the similarity between the unattended stimuli to the stimuli relevant to the completion of the task had a considerable impact on the occurrence of inattentional blindness and the relevance of stimuli to the person counting at the time. In this case the colour black (Chabris & Simons, 1999). 
 
Likewise, Corella (2008) also introduced supportive evidence with the conclusion of a meta-analysis which showed that distractor stimuli similar to relevant stimuli are more likely to capture attention than it would if it was different. This evidence lends support to the ecological validity of these studies. In a real-life context, individuals generally have expectations of what is likely to occur in each scenario whereas the unexpected stimuli in these clips were suggested to be completely irrelevant to the context of the situation. In the real world, we can make informed guesses as what to expect in a given situation and this could also have an impact on the reason individuals do not see the unexpected stimuli as it is not typical to the situation occurring (Becklen, 1983). Another criticism expresses concern over how participants were commonly told what to attend to during trials. It has been argued that the observer would have had no use for task-irrelevant information such as the gorilla walking across the screen to aid the completion of the task when counting white shirts or only counting passes. This it has been argued could account for the reason it is not attended to (Demmert et al., 2009). This work tells us how effective we are at selecting certain stimuli to others in our environment and what happens to unattended to stimuli.
 Divided attention involves processing multiple inputs commonly in response to current aims and goals and is studied similarly to selective attention differing in the instructions. Here participants are told to respond to all stimuli presented to them. The common assumption made by cognitive psychologists is that our brains have a limited capacity for processing information. Divided attention is the notion of being able to attend to more than one input at a time. Psychologists suggest that the brain's ability to process various amounts of information comes from a set amount of available resources that can be deployed in given situations to allow the completion of tasks. Kahneman’s limited capacity model (1973) suggests that the allocation of attentional resources to a task is commanded by a central processor. This central processor not only allocates attentional resources to a given task but also decides how much is needed for each task. The two key factors of the model are the allocation policy and the evaluation of demands on the limited capacity. This allocation is said to be influenced by what is achievable. Interference between tasks emerges if both tasks demand more resources than is available from the central pool of attentional resources. Many factors determine how much attentional capacity can be allocated and how much is needed for each task such as momentary intentions, enduring dispositions and evaluations on demands of capacity. Kahneman found attention and mental effort to be strongly correlated and arousal is said to increase processing resources. Higher levels of arousal were found to have led to a greater capacity. Kahneman gave a more flexible explanation of attention than focused attention theorist did. This theory suggests we can attend to more than one task at a time, particularly if we are skilled at it. However, the capacity model fails to explain how allocation decisions are made (Schneider and Shiffrin, 1977). Furthermore, Kahneman’s theory is argued to not provide any kind of objective measure on arousal levels effectiveness on increasing processing resources or a standard measure of processing resources regarding dual tasks interference predictability (Bruya et al., 2018). Divided attention is useful in today’s world as multitasking is a skill needed for busy lifestyles. Studying divided attention allows us to explore the capabilities and limitations of our attentional processing systems (Styles, 2006). 
 
[bookmark: _GoBack]Attention does not solely play a role in or rely on the visual modality. Often our auditory modality has various amounts of competing stimuli vying for attention. The cocktail party problem (Cherry, 1953) is the phenomena of being in a room full of people with various conversations and being able to filter out all the chatter and listen to one conversation. Cherry presented participants with two separate audio messages to each ear and instructed them to only attend to one message. Cherry found that listeners used segregation to attend to the desired message through physical characteristics such as sex of the speaker, voice intensity and voice location. Furthermore, when Cherry presented two separate messages in the same voice to listeners, they found it extremely hard to separate the messages. This study has shown evidence supporting an early selection of processing (Wood et al., 1995). Early selection model sees our auditory modality as having a bottleneck processing mechanism which regulates the brains limited-capacity processing and suggests what is selected to be attended to is consistent with our current goals and expectations. Arguing that all stimuli coming through the auditory modality is selected early on from its physical features and all other stimuli are stored temporarily in a second buffer and rejected if not attended to relatively quickly. It is also argued that this bottleneck or filter is designed to prevent the information-processing system from becoming overloaded regardless of early or late selection within processing (Broadbent, 1958). Competing theories suggest the way we decide what to attend to relies on either late or early selection when processing auditory stimuli. Furthermore, the perceptual load theory (Lavie, 1995, 2005) argues that if a current task puts a high demand on attention (high perceptual load), the processing of task-irrelevant stimuli can be hindered. Findings also suggest when the perceptual load in the current task is high, attentional capacity is exhausted and early selection occurs (Lavie 2001). However, theorists favouring late selection argue that all stimuli input is processed. They argue that the most important or relevant stimuli influences a response (Deutsch & Deutsch, 1963). Additionally, Bentin et al. (1995) presented participants with different words to each ear and instructed them to attend to only words in either the left or right ear. It was observed that some semantic processing of all stimuli does occur although less to the unattended stimuli. Following this, evidence from more recent studies also supports the idea that unattended stimuli undergo some form of processing. Jeon et al. (2014) found the processing of unattended messages is often enhanced if the listener has a predetermined interest in the stimuli. Also, if the message has a special significance to us like our name (Moray, 1959 and Kahneman, 1973). Also, these results seem to correspond with the findings that suggest relevant stimuli is more likely to be recorded by participants then irrelevant stimuli during exposer of both to the visual modality on trials in change blindness (see for example; Chabris and Simons, 1999).
 
Further suggestions put forward in line with this view known as Multiple resource theory (Wickens, 1984) proposes that individuals do not have a single information processing resource, but numerous different ports of resources that can be accessed concurrently. Depending on the nature of the task, these resources may process information chronologically if the different tasks require the same pool of resources or can be processed simultaneously if the task demands different resources. Wickens aim to explain and predict levels of interference in dual-task performance between tasks performed through different or same modalities resulted in an account for the mechanisms responsible for the variation in allocation of resources which cause interference during dual-task performance. The model has four dimensions of information processing, perceptual modalities (visual or auditory), visual channels with two aspects of processing (focal and ambient) processing codes which distinguish between analogue/ spatial processing and categorical/ symbolic processing (Wickens, 1984). This research focuses on three elements for predicting dual-task interference: (1) the total demand for resources, (2) the similarity between the two occurring tasks, and (3) the resource allocation policy. This allocation of resources to competing modalities has been found to affect performance of one or both occurring tasks (Sarno & Wickens, 1995; Wickens et al., 2019). Also, it has been argued that the greater the resources needed to support the response to one task in one modality (visual) the greater the interference with the second task in a second modality (auditory) (Kahneman, 1973; Wickens, 1984; Lavie et al., 2001). However, it has also been suggested that two tasks that require different modalities will not compete for attentional resources and therefore will not be the subject of interference (Wickens, 2002). Furthermore, Wahn and Konig (2017) argue when two tasks are reliant on shared attentional resources performance on one or both tasks are affected, on the contrary, if attentional resources are distinct, then performing two tasks simultaneously should not lead to a decrease in performance compared to performance on each task individually. further evidence by Alais et al., (2006) found that tasks operating within the same sensory modality interfered with each other whereas, tasks distinct to two separate modalities was largely unaffected when being performed simultaneously. Additionally, when participants were presented with two different letters one visual and one spoken it was found when they were asked to report either the spoken or the visual letter or both that majority of the participants were equally good. This suggests that attentional resources are different for both the visual and auditory modalities when two tasks are performed concurrently (Smith et al., 2003).  
 
A recent study suggests that high perceptual load causes inattentional blindness and deafness in drivers. By assessing the effects of perceptual load on driver awareness during a simulated driving task Murphy and Greene (2018) conducted two experiments on the effect perceptual load has on the visual modality and the auditory modality. They developed a visual gap perception task. Which involved a simulated straight route driving task with cars parked on either side of the road, which participants had to quickly assess whether they would be able to drive through the gap or divert around the cars. The high load condition gaps were slightly too small or just big enough whereas the low load condition gaps where obviously big enough or too small for the drivers to get through. The researchers then added a critical trial in both high and low load conditions where an unexpected object was presented alongside the parked vehicles. This object was a pedestrian. Assessment of the participant's awareness of the unexpected object appeared immediately after the completion of the critical trial. The findings showed that when under high perceptual load conditions participants were less likely to report the unexpected object than under low perceptual load conditions. The participants were also more likely to make inaccurate judgments about the size of the gaps presented under the high load condition compared to the low load conditions. The second experiment conducted involved a more traditional load experiment search task using coloured cars instead of letters. The participants were instructed to look for a red Mercedes among a row of silver cars in the low load condition and again look for a red Mercedes among a row of different model red cars in the high load condition. During the search, task participants were presented with either visual or auditory information which was either relevant or irrelevant to driving. The visual relevant trial was an oncoming car swerving into the driver's lane and non-relevant was a cartoon billboard. The audio relevant trial was a sound of car wheels screeching and non-relevant was the sound of a bell. The results indicated that there was a significant effect on driver awareness during both the visual and auditory stimuli presentations. Both modalities involved a greater effect on driver awareness in the high perceptual load conditions. Relativity amongst stimuli in both tasks during high load showed no significant difference in awareness, therefore, previous literature arguing relativities influence on attention could be seen as contradictory. In summary, the evidence suggests that perceptual load has a significant effect on individuals processing capacity during the dual-task performance when the perceptual load is high (Murphy et al., 2015). 
 
Recently Raveh and Lavie (2014) reported four experiments that established that high perceptual load (visual) led to reduced detection sensitivity in hearing. In their study, participants were requested to detect a tone that was presented during the performance of a visual search task. The findings suggest that audio detection was consistently reduced in the high visual load condition compared to the low load condition calling into question whether attentional resources have separate pools or whether they are taken form the same pool and are modalities distinct when allocation of attention is required. The previous studies findings provide a valid explanation for the occurrence of inattentional blindness and deafness across perceptual and attentional tasks while also supplying a wealth of different methods to explore the phenomena. Creating real-world simulations of a common but dangerous task such as driving shows the importance of researching this avenue to promote public awareness of our processing abilities and promote a safety-conscious attitude towards driving (Murphy et al., 2015).
 
 In summary, studies investigating whether there are distinct pools of attentional resources for each sensory modality or whether resources are shared across modalities produce partially inconsistent conclusions. In addition to these studies, it is proposed here that further research using a traditional letter search task to explore the impact of visual load on tone change accuracy would give additional support for the impact of visual load on an unexpected audio stimulus presented. Therefore, this research aims to examine whether high visual load can effect the ability to detect a gradual tone change and it is proposed here that during a high visual load task participants will be less likely to detect a gradual tone change compared to their ability to detect the tone change during a low visual load task. This will be achieved by presenting participants with 40 visual letter search trials. Twenty will be high load, where the target letter will be surrounded by many different letters that look similar to the target, and 20 low loads, where the target letter will be surrounded by only four of the same letter in each trial that is very distinct to the target letter. The target letter will only be present in half of the trials in both the high and low visual load conditions. During each of the visual letter search trials, a tone will simultaneously be played, which on half of the high visual load trials will remain constant and on the other half, it will change. The same will be the case for the low visual trials (on half of them the tone will remain constant, while on the other half it will change). The participant's task is to respond when they see the target letter and denote whether or not the tone changed. As most unexpected stimuli are presented momentarily and a response time recorded within the search task and finding are supported (see for detail, Pashler, 1994). This proposed research differs in that the participant will be given a certain amount of time to view the visual load tasks whilst responding to the target letter and further asked to express whether the target letter was present through a simple yes or no option on the screen immediately following each trial to allow the time needed for the tone change to happen. Following this, the participants will then be presented with a similar yes or no option to signify whether they heard the tone change or not.
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