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Abstract
High perceptual load in the visual modality is known to affect the detection capability of stimuli in the auditory modality during high and low visual load search tasks with a tone presented and detection rates measured (e.g. Raveh & Lavie, 2015). However, the question remains unclear to whether different presentations of the auditory stimuli presented, in this studies case, measuring detection rates of a gradual tone change during high visual load search tasks, would lead to the same effect. This investigation has established that high visual load search tasks led to a reduction in individuals abilities to detect a gradual tone change during a dual-task performance in a healthy sample of forty participants. The findings show more correct responses were recorded in the low visual load and change tone trials than the high visual load and change tone trials. This suggests that auditory stimuli detection accuracy for a change in tone was affected more in the high visual load trials compared to the low visual load trials. Therefore, in addition to previous literature, this work shows support for the phenomena of load-induced deafness and gives supportive findings for shared attentional resources among the visual and auditory modalities.


Chapter 1- Literature review
Attention is known as the cognitive process of selectively concentrating on a specific aspect of information while simultaneously ignoring other perceivable information (Allport, 1980; Anderson, 2005; 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 (Styles, 2006). These elements show attention as having a limited capacity of information processing (Shiffrin & Schneider, 1977), meaning not all stimuli coming through our senses can be attended to simultaneously. Attention is characterized by cognitive psychologists as the allocation of limited cognitive processing resources to something of interest to an individual (Johnson & Proctor, 2004). Therefore, limited capacity suggests that attention requires a level of focalisation and can be objective and subjective (Bishop et al., 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 limitations of our brains and also facilitates stimulus detection, stimulus perception, thinking, memory, learning, recruitment of relevant processors and preparation for action (James et al., 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 (Marois & Ivanoff, 2005). 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, which 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) and Corbetta et al. (2008) 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) and Bressler 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 stimulus appears in the environment. Different degrees of attention include sustained attention, this explains how one can 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 commonly studied using the Stroop test (see, for example, Stroop, 1935) 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 and avoiding interference of distractor stimuli. This aids researchers in deciphering cognitive abilities including problem-solving and reasoning (Sohlberg & Mather, 1989; Commodari, 2017; Kahneman et al., 2017). 

Attentional processing abilities are said to direct visual perception. Recent research involving attention, mostly focusing on the visual modality and a phenomenon known as change blindness strives to explain 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 (Murphy & Murphy, 2018). The phenomena dubbed as “inattentional blindness” was first termed by psychologists Arien Mack and Irvin Rock in 1998. Their goal was to give an explanation to the link 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), for recent example (see, Most et al., 2005). 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 findings have shown the relationship between ones visual field and perception is reliant on attention much more than was formerly believed (Chabris & Simons, 1999). 

Subsequently, one most famous study validating inattentional blindness “The invisible gorilla test” was conducted by Christopher Chabris and Daniel Simons in 1999. They invited 228 participants to watch a video clip of individuals passing a ball between themselves. The participants were asked to record the number of times the ball had been passed or the number of throw passes versus bounce passes made throughout the clip. Afterwards, the participants were asked to denote weather they had noticed anything odd happening during the video clip. The findings showed about 50% of the observers failed to notice anything odd occurring during the clip, yet, this 50% of participants had been unsuccessful in noticing a lady in fancy dress, 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 inability to perceive an unexpected stimulus is said to be a consequence of engagement in a difficult task, in this case, counting passes of the ball and the inability to attend to the anomalies is as a result of the difficulty of this task upon the processing system (Eriksen et al., 1980). Additionally, the study was conducted again, only this time participants were tasked with denoting the amount of passes made between two separate groups that were distinguished by different colour t-shirts. One group were given black tops to wear and the other were given white tops to wear. 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 shirt group. This indicated that the similarity between the unattended to stimuli (Gorilla) and the stimuli relevant to the completion of the task (indicated shirt colour passes) had a considerable impact of inattentional blindness occurring due to the relevance of all the stimuli presented to the person counting at the time. In this case the colour black (Chabris & Simons, 1999). 

Likewise, Corbetta et al. (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 regardless of what shirts were passing the ball. This it has been argued could account for the reason it is not attended to (Buetti et al., 2014; Memmert 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 deal with multiple forms of input at a time without feeling like you are losing focus of any aspects of the incoming stimuli. 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 (Ghazanfar & Schroeder, 2006; Ten Oever et al., 2016; Froehlich et al., 2010; Wahn & König, 2017). Kahneman’s limited capacity model (1973) suggests that the allocation of attentional resources to a task is commanded by a central processor. The central processor is responsible for the allocation of attentional resources to a given task and also decides how much available resources is needed for a task. The two key factors of the model are the assessment of demands on the limited capacity and the allocation policy. 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. There are multiple determinants directing the allocation of attentional capacity needed for a given task, such as momentary intentions, enduring dispositions and evaluations on demands of capacity. Kahneman (1973) 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 explained attention to operate with more flexibility 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). 

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 statements to each ear and directed them to attend to only one statement. 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 administered two separate statements in the same tone of voice to listeners, they found it extremely hard to separate the messages. This study has shown evidence supporting a view of early selection of processing (Wood et al., 1995). The 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, Perceptual load theory (Lavie, 1995, 2005; Lavie & Dalton, 2014). argues that if a given 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 given task is high, attentional capacity becomes over-stretched 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 influence 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 to stimuli undergo some form of processing. Jeon et al. (2015) 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; Kahneman, 1973). Furthermore, these results seem to correspond with the findings that suggest relevant stimuli is more probable to be recorded by participants then irrelevant stimuli during exposure of both to the visual modality on trials in change blindness (see, for example, Chabris & Simons, 1999).

Further suggestions put forward in line with this view, known as Multiple resource theory (Wickens, 1991) proposes that individuals do not operate from one singular source of information processing mechanism, but numerous different ports of resources that can be accessed concurrently. Depending on the requirements of given tasks, these resources may conduct information processing chronologically if the resources needed to support the tasks are requiring the same pool of resources or may be processed simultaneously if the tasks are requiring separate resource pools. Wickens aimed to explain and predict levels of interference in dual-task performances between tasks performed through different or the same modalities which resulted in a description of the process accountable for the variation in allocation of resources which cause interference during dual-task performance. The model has four elements 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, 1991). 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 the performance of one or both occurring tasks (Wickens, 2008; 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, 1991; 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 König (2017) also argue that when two tasks are reliant on shared attentional resources performance on one or both tasks would be affected as the resources needed are not enough to support both of the tasks concurrently, on the contrary, if attentional resources are distinct, then performing two tasks simultaneously should not show a reduced performance on either task compared to the 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, a study where participants were exposed to two different letters at the same time, one visual and one spoken, found that when they were asked to denote either the spoken or the visual letter or both letters, the majority of the participants were equally good at this task. 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 et al. (2017) conducted two experiments accessing the effects perceptual load has on the visual modality and the auditory modality. They developed a visual gap perception task. This involved a simulated straight route driving task with cars parked on both sides of the street, which participants had to calculate promptly if they would be able to drive through the gap or have to divert around the cars. The high load trials gaps were either just too small or just big enough whereas the low load trials 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 elements, whereby an unanticipated item was displayed amongst the parked cars. This item was a pedestrian. Assessment of the participant's awareness of the unexpected item appeared immediately after the completion of the critical trial. The findings showed that when under high perceptual load trials individuals reported the unexpected item less often than when under low perceptual load trials. The participants were also more likely to make inaccurate judgments about the size of the gaps presented under the high load trials compared to the low load trials. The second experiment conducted involved a more traditional load experiment search task using coloured cars instead of letters. The participants were instructed to find a red Mercedes among a line of silver cars in the low load condition and again find a red Mercedes amongst a line of different model red cars in the high load condition. During the search task participants were exposed to 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 the non-relevant trial was a cartoon billboard. The auditory relevant trial was a sound of car wheels screeching and the non-relevant trial was the sound of a bell. The results indicated that the effect on driver awareness was found to be significant during presentations of both the visual stimuli and auditory stimuli. Both modalities involved had 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 a dual-task performance when the perceptual load is high (Murphy & Murphy, 2018). 

Recently Raveh and Lavie (2015) reported four investigations that established that high perceptual load in the visual modality led to a reduced detection ability in the auditory modality. In their study, participants performed a visual search task during which they were asked to detect a tone being presented. The findings suggest that auditory detection ability was consistently reduced in the high visual load condition when compared to the low load condition calling into question whether attentional resources have separate pools or whether they are taken from the same pool and are modalities distinct when the 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 how attentional resources operate, whether there are separate pools or shared pools within and across modalities deliver 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 detection accuracy would give additional support for the impact of visual load on an unexpected audio stimulus presented. Therefore, this research aims to examine whether a high visual load can affect 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 load, here 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 both the high and low visual load trials. During each of the visual letter search tasks, 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 load 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 the findings 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 before 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. Measures of correct responses to the auditory question will then be assessed to show the affect of the visual load presented on tone change detection accuracy abilities. 




Chapter 2- Method
Participants 
Forty (24, Females, 15 Males, 1 Nondisclosed) participants consisting of level four and five students studying one of the Psychology degree programmes at the University of Wales Trinity Saint David SA1 campus, Swansea, were recruited to take part through the universities Experiment Management System (EMS). All those who participated in the study received a single credit toward their course work. The recruitment requirements of the study meant only those with normal or corrected to normal vision and hearing were eligible to sign up and take part. All participants were also required to be over the age of 18. Participants age ranged from 19-57 years, (Mean =31.02; Standard Deviation =11.51).
 
Design
A 2x2 within-subjects experimental design study was carried out. The first independent variable (IV) was the visual load task, with two levels: high and low. The second independent variable (IV) was the auditory task, with two levels: tone change or no tone change. Participants were required to take part in a series of high and low visual load tasks presented on a computer. These involved a range of different letters from the alphabet being presented on the screen, each taking place for approximately 3000 milliseconds, with participants being required to identify a single target letter from a further 11 letters, which were repeated five times each in the high visual load trials. In the low visual load trials, the target letter was surrounded by only four other letters. Each visual load consisted of 20 trials, giving a total of 40 trials overall. Within half of both high and low load trials, the target letter, an X, was present and on the other half of both high and low load trials the target letter was absent and an appropriate non-target letter was present in place of the absent target letter (see Appendix A for a complete set of high and low visual load tasks). Further to this, during half of the high and low visual load trials, participants were presented with a continuous tone and on the other half of both trials exposed to a gradual change in the tone through a set of headphones. The dependent variable (DV) was detection accuracy in the auditory task. That is, could participants correctly identify a tone change during two different visual load trials. To analyse the data, a 2x2 repeated-measures Analysis of Variance (ANOVA) would provide the main effect of the visual load task on tone change detection accuracy, the main effect of tone change or no tone change on detection accuracy and the interaction between the different visual load tasks and the different auditory tone tasks. 
 
Materials
The materials used included an advertisement uploaded to the Universities Experiment Management System (EMS) (Appendix B for complete advertisement), a consent form allotted on a single paper-based word document. This detailed the procedure that the participant would encounter, the amount of time the study would take to complete, and the participants right to withdraw at any time from the study without penalty. Their right to confidentiality and anonymity following the Data Protection Act (2018) was also documented and a place for a signature with a statement exclaiming the participant had understood and agreed to participate was also included (Appendix C for full consent form). A computer, keyboard, monitor, one set of headphones and the Superlab software (Superlab, 2008) were used to display the stimuli and record given responses. Two circular 5mm stickers, one red and one green in colour, were placed on designated keys on the keyboard, which were keys Q and P, to denote the possible response options. The task stimuli consisted of a welcome statement that was presented on the computer screen via Superlab which welcomed and thanked participants for taking part (Appendix D for complete welcome statement). An instructions page was then presented, outlining the tasks i.e., searching for an X throughout 40 trials whilst listening to a tone through a set of headphones and answering two yes/no response questions after each trial relating to the visual and auditory elements respectively. This page also explained which keys on the keyboard represented yes and no (Appendix E for full instructions document). A visual search task containing 20 high visual load sets and 20 low visual load sets was created by the researcher. Each high visual load set contained 11 individual letters from the alphabet, using the font style Calibri sized 48, which were repeated five times each within each high visual load trial and randomly spaced and distributed on a single word document and then uploaded to Superlab. These letters included Z, L, M, K, H, E, F, N, W, Y and V. These letters were selected as they comprised a similar structure and configuration of lines to the target letter X. The target letter was only presented on ten of the high visual load trials. Each of the 20 low visual load trials consisted of only five of the same letters from the alphabet, which were also randomly spaced on a single word document using the same size and style of font as the high visual load trials and uploaded to Superlab, differing this time in structure and line configuration similarity to the target letter X. These letters included B, O, S, C, D, G, R, U, T and J. The target letter X was also only present on ten of these trials (see again, for example, Appendix A). Two yes/ no answer questions, one relating to the visual search task and one the tone detection task were also created by the researcher (see Appendix F for a view of the questions presented) and two sound files were created using a tone generating App (Frequency Sound Generator, 2017) which played simultaneously with the visual load presented for three seconds each. These sound files consisted of one continuous tone at a frequency of 440 hertz over three seconds and one gradually changing tone starting at 440Hz and finishing at 880 hertz over three seconds. To ensure each of the visual load task trials (high target-present, high target-absent, low target-present, low target-absent) had an equal number of tone change and no tone change trials associated with them, the researcher manually assigned an equal amount of the gradual tone change sound file to ten of the high visual load trials (five target-present, five target-absent) and ten of the low visual load trials (five target-present, five target-absent) allowing the remaining ten in each visual load condition to have the continuous tone sound file assigned. This was then programmed into Superlab to be presented in a randomised order to participants. Also, at the halfway point of data collection, the two buttons designated to record the yes/no responses from the participants were reversed to counterbalance the order effect of the trial sequence. An end of study page was also presented after the final trial (see Appendix G for complete end of study example document). Finally, a paper-based debrief form presented on a single page word document was created. This form contained details of the purpose of the study, a reminder of participants’ right to withdraw at that point before leaving the study and the contact details of the study researcher and academic supervisor, with instructions to contact them with any inquiries that may have arisen (see Appendix H complete debrief form). 
  
Procedure
Once the study had received ethical approval (see Appendix I and J for study proposal and complete ethics form respectively) and the materials had been programmed onto Superlab, a pilot study was conducted before the release of the study on the EMS. Two participants were recruited through verbal invitation. The pilot study revealed a weakness with the visual presentation of the instruction page which was uploaded as a picture file and under pixelated leading it to appear slightly blurred and this was amended by manually typing the instructions directly onto Superlab. Participants were then recruited through the EMS at a date and time of their choosing and given an allocated location to participate. Only participants with normal or corrected to normal vision and hearing were invited to participate as both tasks in this study involved participants completing trials investigating these two modalities. It was deemed appropriate to have exclusion criteria to mediate severe differentiating abilities as possible extraneous variables. Upon arrival, participants were brought by the researcher to the lab room and asked to sit in a chair which was facing a table with a computer monitor, keyboard, set of headphones and a slip of paper to write down their demographic information placed upon it. They were then handed a consent form and asked to take a moment to read alone, to understand consenting criteria and to signature consent if they wish to take part. This was immediately collected by the researcher once signed and stored separately to any other data collected at the time under The University of Wales Trinity Saint David’s and The British Psychology Society’s code of conduct (2018). Participants were then directed to the welcome page of the study on the computer screen by the researcher and told that the researcher was at hand in a room close by to the participant if there were any issues with the study. Participants were then left to continue with the study alone. Once participants had read the welcome page, they were then indicated to press the space bar on the keyboard which immediately brought them to the instructions page. The instructions page directed them to utilise the headphones present and explained that they were going to be presented with 40 visual search tasks with the aim to identify a target letter (the letter X) amongst a display of other letters ranging from easy to difficult whilst listening to a tone simultaneously. Furthermore, trials would occur for three seconds each and then they were required to answer two yes/no questions after each trial by pressing either the button on the keyboard covered by a green sticker for yes or a red sticker for no. Question one asked participants if the target letter was present during the visual search task and question two asked if the tone played through the headphones changed whilst they were searching for the target letter X during the visual search task. The responses made by the participants on the keyboard were recorded by the Superlab software, recording only the responses made to either of the two keys (Q or P) representing the yes or no options. The programme would only continue to the next trial when one of the two responses were recorded. Once all 40 trials were completed, the study ended by presenting participants with a page to explain that the study had finished and asked them to inform the researcher. Thereafter, the researcher then gave each participant a debrief information form and thanked them for their time. The researcher once again relayed to each participant for the final time that if they had any inquiries to refer to the debrief form for further clarity on the purpose of the investigation and the contact information of the researcher and the academic supervisor involved. The researcher then stored the data collected from participants immediately after each participant completed this procedure following the guidelines of The Data Protection Act 2018, The University of Wales Trinity Saint Davids code of conduct and ethical guidelines of The British Psychological Society (2018). Finally, the researcher organised the data collected into four conditions (high visual/ tone change, high visual/ continuous tone, low visual/ tone change, and low visual/ continuous tone) in excel using the pivot table tool to gather the total correct responses for all participants in all four conditions before entering the data to SPSS for analysis and interpreting the SPSS output (see Appendix k for raw SPSS data output).



Chapter 3- Results
Data presenting each participant's correct responses to the forty auditory tasks consisting of two levels (continuous tone and tone change) and visual tasks consisting of a further two levels (high load and low load) were categorised into four conditions in excel. These conditions consisted of high visual load task and continuous tone task, high visual load task and change tone task, low visual load task and continuous tone task and low visual load task and change tone task. Each participants total correct responses for each of the conditions was presented on a pivot table in excel before entry to SPSS. Each trial had a total of twenty possible correct responses. The average total correct responses and standard deviation recorded for all participants in each trial are presented in figure .1. below. 
Figure 1 – table showing total participants mean score of correct responses out of a possible 20 in each trial.
	Participants
	Trials
	Visual      Auditory 
	Mean
	Standard Deviation
	Lower bound
	Higher
bound

	(N=40)
	1
	high
	Change
	13.20
	.62
	11.15
	14.45

	(N=40)
	2
	High 
	Continuous
	12.93
	.54
	11.83
	14.02

	(N=40)
	3
	Low 
	Change 
	14.63
	.55
	13.51
	15.73

	(N=40)
	4
	Low 
	Continuous
	12.60
	.60
	11.39
	13.81


Figure 1 above demonstrates the total correct response averages and variances in each condition across the total number of participant which indicates that the high visual load trials had more of an affect on tone change detection accuracy than the low visual load trials. .
 
Participants ability to accurately detect a tone change during high visual load tasks was shown to differ to participants ability to detect a tone change during low visual load tasks. The main effect of the high and low visual load letter search tasks recorded more correct responses in the low visual load trials than the high visual load trials. The main effect of the continuous tone and tone change auditory trials showed more correct responses made during tone change trials than the continuous tone trials. Finally, the main effect for participants ability to accurately detect the tone change was higher in the low visual load trials suggesting that the high visual load trials had more of an impact on accuracy inferred by correct responses made during high visual load and tone change trials. The data also revealed that accuracy was impacted in the low visual load and continuous tone trials more than the high visual load and continuous tone trials. A 2x2 within subjects analysis of variance (ANOVA) tested participants detection ability of a tone change during a high visual load task compared to their ability to detect the tone change during a low visual load task. The analysis focused on accuracy scores depicting correct responses to the trials presented. Each of the 40 tasks consisted of one of the four conditions which contained one auditory task (continuous tone or tone change) and one visual task (high load or low load). Levels of tone detection accuracy did not significantly differ between high visual load and low visual load trials F (1,39) = 3.24, p = .08, partial 2 = .08 Levels of visual load detection accuracy during the tone change and the continuous tone trials were also non-significant F (1,39) = 3.78, p = .06, partial 2 = .09  Indicating no significant differences in participants ability to accurately detect the visual load presented during trials containing either the continuous tone or the change in tone. The interaction of the visual load trials and tone detection trials showed a significant result  F (1,39) = 12.27, p = .01, partial 2 = .24  
A further breakdown of the results is presented below in figure.2. This indicated that high visual load tasks have an affect on an individual’s ability to accurately detect a tone change compared to their ability to detect the tone change during low visual load tasks during these trials. 



Figure.2. Graphing showing total scores of the four conditions interaction between the high and low visual load and the auditory continuous and change tone trials. 
[image: ]
Figure. 2 above demonstrates a visual representation across 40 participants and 4 conditions, of how the correct responses recorded in the high visual load and tone change trials were less than the Low visual load and tone change trials. It is also indicated here that the continuous tone trials recorded more correct responses in the low visual load trials compared to continuous tone and the high visual load trials. This shows that high visual load has an effect on tone change detection accuracy when compared to low visual load. Therefore, these findings have led to the acceptance of the hypothesis.


Chapter 4- Discussion
	This study aimed to explore the impact of high visual load on tone change detection accuracy. This was achieved by investigating tone change detection accuracy abilities during high visual load tasks compared to tone change detection accuracy abilities during low visual load tasks. In line with previous literature (Kahneman, 1973; Wickens, 1991; Lavie et al., 2001; Raveh & Lavie, 2015) it was predicted here that participants would be less likely to detect a tone change during high visual load trials compared to their ability to detect a tone change during low visual load trials.
Cognitive psychologists generally agree that attention operates within a limited capacity network, whereby the processing of incoming stimuli and input requires a mechanism to assess and respond to the given stimuli regarding the relevance these stimuli carry in line with our current aims and goals in the given environment and a mechanism to aid in discarding irrelevant stimuli (Marois & Ivanoff, 2005). Research exploring attentional capacity within modalities or across separate modalities comprise a vast collection of partially inconsistent findings (Styles, 2006). The two main solidified views of how limited processing capacity and attentional resources are directed during dual-task performances, employing separate modalities, differ in the interpretation of the resource allocation and availability. Firstly, one argument is that attentional capacity has a shared pool of resources, according to this view accurate completion of a given task is conditional of the load presented, in other words, to complete one task in one modality successfully, the second task in the second modality must not command more resources than what is available for both tasks to be completed accurately. If either of the tasks does require more resources than are available one or both tasks are unlikely to be completed successfully (Kahneman, 1973, 2017). Secondly, on the other side of the coin is the argument that separate pools of attentional resources exist and are available, meaning that two tasks distinct to separate modalities are unlikely to compete for resources. According to this view, separate modalities have separate resource pools and dual-task performance is likely to be completed accurately when the resources needed to complete each task is accessed from these separate pools (Wickens, 2002). 
Studies investigating divided attention are continually exploring the capability and the limitation of the processing system that guides our attention (Styles, 2006). Furthermore, in line with current theoretical views regarding how the allocation of attentional resources to separate modalities is remitted, the current investigation follows the assumption that suggests incoming stimuli affecting separate modalities appear to individuals as a concurrent experience restricted by our current aims and goals outside of an emergency or unexpected situation and that this parallel experience is of particular importance to aid the explanation of how individuals navigate a stimulus rich environment successfully (Ghazanfar & Schroeder, 2006; Wahn & König, 2017).
Therefore, to examine whether two tasks involving different modalities could be performed equally well under different processing loads, this study conducted a 2x2 within-subject analysis of variance (ANOVA), by presenting participants with forty trials consisting of twenty high visual loads and twenty low visual loads yes/no target identification tasks alongside a continuous tone on 50% of both visual load trials and a gradual change in tone on the other 50% of both the visual load trials with a further yes/no tone change identification task presented and then cleaned, categorised into the four conditions in excel and measured the correct responses of the tone change identification task within both the high visual load trials and the low visual load trials data through SPSS. The results revealed a significant affect. A significant difference in the affect visual load has on tone change detection accuracy was found among the high visual load trials when weighed against the low visual load trials. The evidence supports the prediction established off the evaluations of the previous literature guiding the current research, which indicated that dual-task performances concerning two distinct modalities would likely be affected by the visual load presented during the auditory task, more concisely, resulting in the high visual load trial which contained more stimuli, affecting the auditory modality task more so than the low visual load trial which contained fewer stimuli (see: Raveh & Lavie, 2015). This finding supports the view that high perceptual load in one modality during one task is likely to interfere with the second task in a second modality performed simultaneously, this suggests that both modalities (visual and auditory) share a single pool of attentional resources (Deutsch & Deutsch, 1963; Kahneman, 1973, 2017). Additionally, the current findings also contradict the assumption of Wickens (2002) that suggests separate modalities may not compete for attentional resources. 
Kahneman (1973) also argued that arousal level increases processing resources and found attention and mental effort to be strongly correlated. This may explain further the current findings, which also revealed in the auditory element more correct responses were recorded overall in the tone change trials than the continuous tone trials. It could be argued that the tone change trials provoked higher arousal levels then the continuous tone trials. However, this is far from a supported explanation of a previously criticized notion, that Kahneman failed to give an explanation for an objective measure of arousal levels effectiveness on increasing processing resources or a standard measure of processing resources regarding dual-task performance predictability (Bruya et al., 2018). Therefore, it is suggested here that additional research should contain an extra element in the procedure, a measure of arousal levels during each condition could be implemented to assess whether arousal levels do have an affect on processing resources, however, it is suggested this implementation be through galvanic skin response measures rather than a questionnaire style measure to keep the procedure similarity competent.  

The current findings further support the broader theoretical assumptions through the methodology used, which saw the stimulus for each modality simultaneously presented first followed by two questions concerning target identification in each modality second. It is argued here that both goal-oriented and stimuli-orientated attention was enlisted by participants, concerning the visual modality, stimulus oriented attention being active during the three-second target stimulus presentation and goal-oriented attention being active when expressing a response to the target by answering the questions given (Corbetta et al., 2008). Further to this, the auditory modality may well have implored a similar multi-orientated operation to the visual modality. However, whether the procedure induced early or late selection processes is unclear. Previous research argues that early selection occurs when the perceptual load in a given task is high and exhausts attentional processing capacity by selecting the physical features of a message that is most appropriate to our goals and aims with all other input being stored temporarily and rejected if not attended to quickly (Lavie et al., 2001) and late selection occurs by processing, in part, all stimuli presented with the most relevant stimuli motivating a response (Deutsch & Deutsch, 1963). This has made it difficult to see where the auditory elements lye within these views. A breakdown of the results shows that in the low visual load trials the tone change identification task had less correct responses in the continuous tone trials compared to the changing tone trials. It is argued here that these findings follow the view of late selection and a bottleneck processing system. However, it is acknowledged here that the element of the question included in the study could have given the listeners a predetermined interest in the tone change condition making processing of an unattended to message enhanced (Jeon et al., 2015) this may also explain why the continuous tone trials received less correct responses than the changing tone trials in the low visual load condition.
 In future research, it may be wise to conduct the procedure again with the exception of the auditory question asked is the same for all participants, this should differ among two separate samples with the second auditory question asking one sample the same question used in this procedure and the second question asking ‘did the tone stay the same during the task?’ this may reveal if there is an affect on the data recorded concerning the influence of question-driven relevance of incoming stimuli prompting the given responses. Regardless of this, a review of the difference between the previous literature methodology and the one developed here it is safe to assume that the method used here has given an added layer of validity to the assumption of both past and present studies in exploring attentional processes. The results here were found to be similar to the previous literature findings even though the procedure conducted was different, this it is argued is supportive of the validity of the prior findings, now accountable across different methods of investigation. Further to the differences of previous research including recording reaction times or immediate responses to the occurrence of unexpected stimuli as a measure, the presentation of the auditory stimulus also differed, here a tone was presented on all trials and a gradual change in the tone was presented on 50% of the trials in both visual load conditions, whereas in prior research the auditory stimuli were presented unexpectedly to the participants. Participants in the current study were aware that they would be listening to a tone during a visual letter search task and that a change in the tone being presented may occur in any of the trials shown. This procedure was seen as a more realistic depiction of how events of incoming stimuli in the real world are experienced. Yet, the finding seems to contradict research by Alais et al. (2006), suggesting that tasks distinct to two separate modalities would be largely unaffected by interference. Further to this, the findings also seem to show support to an argument by Wahn and König (2017), suggesting that when two tasks distinct to two separate modalities are reliant on shared attentional resources, performance on one or both tasks would be affected by interference. However, it is also stated here that the current study limited its scope of supportive evidence as a choice made by the researcher. As a result, the current investigation focused solely on the data collected of the auditory tone identification task and the visual loads’ impact on this task. It is suggested here that future research should take into account the data of the visual letter search task and the interaction of this visual letter search task and the auditory tone detection task to further identify the affects the auditory modality has on the visual modality and the modality which takes priority within the mechanisms operating attention.
To conclude, the findings in this investigation have led to the acceptance of the hypothesis made based on previously held assumptions that separate modalities share attentional resources and interference would occur across modalities given the load in one (visual) was intense enough to take attentional priority over the other (auditory) according to work by Raveh and Lavie (2015). Additionally, the current findings contradict the assumption made by Wickens (2002) that separate modalities may not compete for attentional resources. The difference in the methodology of this study and the previous investigations guiding this research may stand as supportive evidence for the validity of the argument. Furthermore, regarding the contributions of these findings, it was previously stated that the aim was to further expand on already extensive literature and that the different methods involved here aimed to strengthen the validity of the previous and current findings. 
Finally, it is suggested that future investigations into the processes of attentional resources capability and limitation involved in the accommodation of such processes to the visual and auditory modalities should aim to advance the understanding of the complexities within the assimilation of study design and may do right to give the methodology used priority in the forthcoming investigations into this complex phenomena.
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Appendices
Appendix A- Complete high and low visual load search task material.
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Appendix B- EMS Study advertisement.
Name of study: SWAN_credit_SL

Study Abstract: This study involves completing forty visual search tasks by identifying a target letter on a computer whilst listening to a noise through a set of headphones simultaneously and answering two questions after each task. This will take place in the psychology laboratories at the SA1 campus.

Detailed description: This study involves completing two tasks looking at two different cognitive modalities (visual and Auditory), both will be displayed using a computer. The visual component will be a letter search task. This will require you to identify a target letter by responding with a specific key on the key board and the auditory task will involve listening to a noise through a set of headphones, finally you will be asked two yes or no answer questions relating to both the visual and auditory stimuli after they are presented to you. Please note: The letter search tasks are intended to be easy and more difficult. Please do not take part in this study if you are easily frustrated. 

Eligibility requirements: Recruitments must be relatively sound of sight and hearing. All recruitments must be 18 years and over.

Duration and Credits: The study should take around 15 minutes per participant and will offer 1 credits.




Appendix C- Consent form.
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Appendix D- Welcome statement.
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Appendix E- Instruction page.
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Appendix F- Questions.
Question 1.
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Question 2.
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Appendix G- End of study page.
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Appendix H- Debrief form.
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Appendix I- Study proposal.
DISSERTATION PROPOSAL 2018-19

	

	Student Name
	
Stacey loftus 

	Provisional Dissertation Supervisor 

	
Dr kate Williams

	Date submitted 

	






	Title of Research (this must reflect the essence of your proposed research question, study design and study population and should be more specific than the broad topic area provided in the dissertation topics selection book).

The impact of visual load on tone change detection accuracy.




	Please state your main research question(s) (specific hypotheses not needed at this stage but may be included)

Does visual load impact ability to detect a tone change?
Hypotheses 1: During a high visual load task participant will be less likely to detect a tone change compared to their ability to detect the tone change during a low visual load task.





	What empirical evidence supports your research question? (Please provide a 1500-word review of relevant psychological literature and theory and a minimum of eight references).  If you have already drafted a review of literature please attach it to the end of this document – you do not need to complete this section if so).


Attached at bottom. 



























	Please describe your participant group (including anticipated number of participants required) and any specific inclusion/exclusion criteria.  

Participants will be recruited through the universities EMS where they will receive credits towards course work for taking part. An estimated 60 participants minimum. All those recruited will be required to have normal or corrected-to-normal vision and hearing. All participants must be over the age of 18.








	Please provide brief details of the anticipated design (e.g., between, within, mixed, regression, focus groups, interviews, experimental, questionnaires) and main procedure for your study (it should be clear from this how you are actually planning to carry out your study, and what will be happening to your participants).


A 2x2 within subjects design will be carried out. The first IV will be the visual load task, with two levels: high and low. The second IV will be the auditory task, with two levels: a gradual tone change or no tone change. Participants will be required to take part in a series of high and low visual load tasks. These will involve an array of different letters from the alphabet being presented on the screen for a total of 3 seconds each. The high load trials will include many letters and the low load trials will include few letters. Each visual condition (high and low) will consist of 20 trials and half of all trials (10 high, 10 low) will contain the target letter. Whilst doing this, half of the trials will involve participants hearing a continuous tone, whilst the other half will involve them hearing a gradual change in the tone through a set of headphones. The visual load task will consist of letters with participants identifying a single letter from a further 11 letters which will be repeated 5 times each in the high condition and only 5 additional letters in total in the low condition. The size of the letter and the surrounding letters will be the same in both tasks. The similarity of the letters will differ in each condition. The high load condition will have similar looking letters, whilst the low load condition will have dissimilar letters. Half the trials will contain the letter X as the target, in the other half of the trials the X will not be present. After each trial participants will be asked to denote yes or no as to whether the target letter was present and to denote yes or no as to whether the tone changed. The DV is detection accuracy with both the continuous tone and the tone change which will be presented 50/50 on both high visual load and low visual load conditions. The questions will be asked immediately following each trial. The experiment will be presented, and data will be collected through Super lab and all data will be analysed using SPSS.












	What measures are you planning to use for data collection and how will this data be used in the analysis in order to answer your research question?  (Be as specific as possible here – what type of data will you be obtaining, what specific topics/measures/scales/instruments will you be using and what will you do with this data?)

The data will be analysed trough SPSS.
A 2x2 within subjects ANOVA will be carried out.
The main ANOVA output will display:
The main effect of the visual load task accuracy in general.
The main effect of accuracy in tone change/ non tone change.
Interaction between the visual load conditions and the auditory task conditions.








	What are the main ethical issues that you will need to address in this study? (Please note all students will need to complete the full ethics form prior to final approval for data collection being given).

All ethical guidelines will be followed according the BPS ethical standards of practise. Consent will be obtained from each participant before the study begins. The participant will be fully debriefed concluding the study. The debrief will contain the supervisors email details. The data will be stored on an encrypted USB device. Participants will be given a participant number and only identifiable through that number. Participants will also be made aware not to take part in the study if they feel uncomfortable sitting in front of a computer screen with headphones on or are uncomfortable with a tone sound being played whist, they take part, or have difficulty identifying letters.   
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	Supervisor to tick one only

	Satisfactory proposal  (proceed to SREC ethical approval; all final materials to be approved by supervisor before data collection).
	

	Satisfactory proposal – some minor areas requiring clarification before submitting for SREC approval (see below for required actions)
	

	Proposal requiring full consideration by Faculty REC due to the nature of the study  

	

	Unsatisfactory – proposal lacking significant detail - must be resubmitted within seven days following feedback (see below) 
	

	Unsatisfactory -  proposal is considered unethical/unworkable in practice.  New proposal to be developed following feedback from supervisor (see below)

	




	
	

	Supervisory team additional comments/feedback:












Action required: 



Date of comments/feedback :






Supervisor’s Signature:  ___________________________          Date: _______________










	Interviewer comments: (to be completed by interviewer only)


















Appendix J- Ethics form.
APPLICATION FOR ETHICAL APPROVAL

In order for research to result in benefit and minimise risk of harm, it must be conducted ethically. A researcher may not be covered by the University’s insurance if ethical approval has not been obtained prior to commencement.

The University follows the OECD Frascati manual definition of research activity: “creative work undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of man, culture and society, and the use of this stock of knowledge to devise new applications”. As such this covers activities undertaken by members of staff, postgraduate research students, and both taught postgraduate and undergraduate students working on dissertations/projects.

The individual undertaking the research activity is known as the “principal researcher”.

Ethical approval is not required for routine audits, performance reviews, quality assurance studies, testing within normal educational requirements, and literary or artistic criticism.

Please read the notes for guidance before completing ALL sections of the form.

This form must be completed and approved prior to undertaking any research activity. Please see Checklist for details of process for different categories of application.  

Delete the Guidance Notes at the end of the form BEFORE submitting your application


SECTION A: About You (Principal Researcher)
	Full Name:
	STACEY LOFTUS

	Tick all boxes which apply:

	Member of staff:
	☐
	Honorary research fellow:
	☐

	Undergraduate Student
	☒	Taught Postgraduate Student
	☐	Postgraduate Research Student
	☐


	Faculty/School/Centre:
	Academic discipline of Psychology and Counselling 

	Campus:
	
SA1 Campus: Swansea

	E-mail address:
	
1707419@student.uwtsd.ac.uk

	Contact Telephone Number:
	
07498758039

	For students:

	Student Number:
	1707419

	Programme of Study:
	BSc (Hons) Psychology 

	Director of Studies/Supervisor:
	Dr. Kate Williams






SECTION B: Approval for Research Activity
	Has the research activity received approval in principle?
(please check the Guidance Notes as to the appropriate approval process for different levels of research by different categories of individual)
	YES
	☒	NO
	☐
	
	Date

	If Yes, please indicate source of approval (and date where known): Approval in principle must be obtained from the relevant source prior to seeking ethical approval
	Research Degrees Committee
	☐	

	
	Faculty Research Committee
	☐	

	
	Other (write in)
Dr. Kate Williams

	☒	23.10.19



SECTION C:  Internal and External Ethical Guidance Materials
	Please list the core ethical guidance documents that have been referred to during the completion of this form (including any discipline-specific codes of research ethics, and also any specific ethical guidance relating to the proposed methodology).  Please tick to confirm that your research proposal adheres to these codes and guidelines.

	UWTSD Research Ethics & Integrity Code of Practice
	☒
	UWTSD Research Data Management Policy
	☒

	BPS Code of Human Research Ethics (2014) 
	☒

	BPS Code of Ethics and Conduct (2018) 
	☒



SECTION D: External Collaborative Research Activity
	Does the research activity involve collaborators outside of the University?
	YES
	☐
	NO
	☒

	
If Yes, please provide the name of the external organisation and name and contact details for the main contact person and confirmation this person has consented to their personal data being shared.as part of this collaboration.

	Institution
	


	Contact person name
	


	Contact person e-mail address

	

	Has this individual consented to sharing their details on this form?
	YES
	☐
	NO
	☐

	Are you in receipt of a KESS scholarship?
	YES
	☐
	NO
	☐

	Is your research externally funded
	YES
	☐
	NO
	☐

	Are you specifically employed to undertake this research in either a paid or voluntary capacity?
	Voluntary
	YES
	☐
	NO
	☐

	
	Employed
	YES
	☐
	NO
	☐

	Is the research being undertaken within an existing UWTSD Athrofa Professional Learning Partnership (APLP)
	If YES then the permission question below does not need to be answered.
	YES
	☐
	NO
	☐

	Permission to undertake the research has been provided by the partner organisation
	(If YES attach copy)
If NO the application cannot continue
	YES
	☐
	NO
	☐




Where research activity is carried out in collaboration with an external organisation
	Does this organisation have its own ethics approval system?
	YES
	☐
	NO
	☐

	
If Yes, please attach a copy of any final approval (or interim approval) from the organisation




SECTION E: Details of Research Activity
	Indicative title:
	The impact of visual load on tone change detection accuracy.


	Proposed start date:
	Nov 2019
	Proposed end date:
	July 2020

	Introduction to the Research (maximum 300 words)
Ensure that you write for a Non-Specialist Audience when outlining your response to the three points below:
· Purpose of Research Activity
· Proposed Research Question
· Aims of Research Activity
· Objectives of Research Activity
Demonstrate, briefly, how Existing Research has informed the proposed activity and explain
· What the research activity will add to the body of knowledge 
· How it addresses an area of importance. 

	Purpose of Research Activity

[bookmark: _Hlk22630511][bookmark: _Hlk22646726]Wickens et al. (2019) have suggested that separate modalities such as the visual and auditory compete over a limited set of resources available to allow a task to be carried out by each and performance will be affected on either one or both tasks. In addition, it has also been suggested that the greater the resources needed to respond to one task in one modality the greater the impact will be on the second task using the second modality (Kahneman,1973; Wickens, 1984; Lavie, 2001). Further research also gives supportive evidence to the idea that perceptual load has a significant effect on individuals processing capacity during dual task performances when perceptual load is high (Murphy et al., 2015). Additionally, Raveh and Lavie (2014) suggests that high perceptual load in the visual modality led to reduced detection sensitivity in the auditory modality. However, counter arguments of this suggest that two tasks that require different modalities will not compete for attentional resources (Wickens, 2002). Additionally, Wahn and Konig (2017) argue that when two tasks are reliant on shared attentional resources, performance on one or both tasks is effected, on the contrary, if attentional resources are distinct, then performing two tasks simultaneously should not lead to a decrease in performance comparative 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 were largely unaffected when being performed simultaneously. Moreover, 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 the 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, Cacioppo, Larsen & Chartrand, 2003). In summary, studies investigating whether there are distinct pools of attentional resources for each sensory modality or weather resources are shared across modalities produce partially inconsistent conclusions leaving the question open to debate. 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.  

(this box should expand as you type)

	Research Question

Does visual load influence ability to detect a tone change?


(this box should expand as you type)

	Aims of Research Activity

The main aim of the study is to obtain primary data in regard to the question does visual load impact ability to detect a tone change?
The hypothesis suggests that during a high visual load task, participants will be less likely to detect a tone change compared to their ability to detect the tone change during a low visual load task.


(this box should expand as you type)

	Objectives of Research Activity

A 2x2 within subjects experimental design study will be carried out with the objective of collecting continuous data across 40 trials (20 high visual load tasks, 20 low visual load tasks). This will be displayed through Super lab as a yes/no target identification task alongside a continuous tone on 50% of each of the high and low visual task conditions and a change in tone on the other 50%. This yes/no target identification task is not being measured. As we wish to examine the effect that the high visual load tasks will have on the detection of the change in tone, a yes/no tone change identification task is being measured. Data will be collected through Super lab and analysed through SPSS.
The main ANOVA output will display:
The main effect of the visual load task on tone change detection accuracy.
The main effect of tone change, or no tone change on detection accuracy.
The interaction.
(this box should expand as you type)

	Proposed methods (maximum 600 words)
Provide a brief summary of all the methods that may be used in the research activity, making it clear what specific techniques may be used. If methods other than those listed in this section are deemed appropriate later, additional ethical approval for those methods will be needed.

	
A 2x2 within subjects design will be carried out. The first IV will be the visual load task, with two levels: high and low. The second IV will be the auditory task, with two levels: a gradual tone change or no tone change. Participants will be required to take part in a series of high and low visual load tasks. These will involve an array of different letters from the alphabet being presented on the screen for a total of 3 seconds each. The high load trials will include many letters and the low load trials will include few letters. Each visual condition (high and low) will consist of 20 trials and half of all trials (10 high, 10 low) will contain the target letter. Whilst doing this, half of the trials will involve participants hearing a continuous tone, whilst the other half will involve them hearing a gradual change in the tone through a set of headphones. The visual load task will consist of letters with participants identifying a single letter from a further 11 letters which will be repeated 5 times each in the high condition and only 5 additional letters in total in the low condition. The size of the letter and the surrounding letters will be the same in both tasks. The similarity of the letters will differ in each condition. The high load condition will have similar looking letters, whilst the low load condition will have dissimilar letters. Half the trials will contain the letter X as the target, in the other half of the trials the X will not be present. After each trial participants will be asked to denote yes or no as to whether the target letter was present and to denote yes or no as to whether the tone changed. The DV is detection accuracy with both the continuous tone and the tone change which will be presented 50/50 on both high visual load and low visual load conditions. The questions will be asked immediately following each trial. The experiment will be presented, and data will be collected through Super lab and all data will be analysed using SPSS.


(this box should expand as you type)




	Location of research activity
Identify all locations where research activity will take place.

	
The research activity will be carried out in the controlled environment of the psychology laboratories located on the second floor of the SA1 Campus of The University Wales Trinity St. David. This will be conducted in accordance with the ethical standards and procedures of the University and the BPS Code of Conduct. 
(this box should expand as you type)

	Research activity outside of the UK
If research activity will take place overseas, you are responsible for ensuring that local ethical considerations are complied with and that the relevant permissions are sought. Specify any local guidelines (e.g. from local professional associations/learned societies/universities) that exist and whether these involve any ethical stipulations beyond those usual in the UK (provide details of any licenses or permissions required). Also specify whether there are any specific ethical issues raised by the local context in which the research activity is taking place, for example, particular cultural and/or legal sensitivities or vulnerabilities of participants.

	

N/A
(this box should expand as you type)

	Use of documentation not in the public domain: Are any documents NOT publicly available?   

	NO
	☒

	
	YES
	☐

	If Yes, please provide details here of how you will gain access to specific documentation that is not in the public domain and that this is in accordance with prevailing data protection law of the country in question and England and Wales.



(this box should expand as you type)





SECTION F: Scope of Research Activity
	Will the research activity include:
	
YES
	
NO

	Use of a questionnaire or similar research instrument?
	☐
	☒

	Use of interviews?
	☐
	☒

	Use of diaries?
	☐
	☒

	Participant observation with their knowledge?
	☐
	☒

	Participant observation without their knowledge?
	☐
	☒

	Use of video or audio recording?
	☐
	☒

	Access to personal or confidential information without the participants’ specific consent?
	☐
	☒

	Administration of any questions, test stimuli, presentation that may be experienced as physically, mentally or emotionally harmful / offensive?
	☐
	☒

	Performance of any acts which may cause embarrassment or affect self-esteem?
	☐
	☒

	Investigation of participants involved in illegal activities?
	☐
	☒

	Use of procedures that involve deception?
	☐
	☒

	Administration of any substance, agent or placebo?
	☐
	☒

	Working with live vertebrate animals?
	☐
	☒

	Other primary data collection methods, please explain in this box
For example, ‘focus groups’. Please indicate the type of data collection method(s) in this box and tick the accompany box.
	☒
	☐

	Details of any other primary data collection method:


Data will be collected through Super lab and analysed through SPSS. Data will be yes/no accuracy responses to tone change detection.



(this box should expand as you type)
	
	


If NO to every question, then the research activity is (ethically) low risk and may be exempt from some of the following sections (please refer to Guidance Notes).

If YES to any question, then no research activity should be undertaken until full ethical approval has been obtained. 



SECTION G: Intended Participants
	Who are the intended participants:
	
YES
	
NO

	Students or staff at the University?
	☒
	☐

	Adults (over the age of 18 and competent to give consent)?
	☒
	☐

	Vulnerable adults?
	☐
	☒

	Children and Young People under the age of 8? (Consent from Parent, Carer or Guardian will be required)
	☐
	☒

	Prisoners?
	☐
	☒

	Young offenders?
	☐
	☒

	Those who could be considered to have a particularly dependent relationship with the investigator or a gatekeeper?
	☐
	☒

	People engaged in illegal activities?
	☐
	☒

	Others (please identify specifically any group who may be unable to give consent) please indicate here and tick the appropriate box.

	☐
	☒

	Other – please indicate here:



(this box should expand as you type)
	
	



	Participant numbers and source
Provide an estimate of the expected number of participants. How will you identify participants and how will they be recruited? 

	How many participants are expected?

	
It is expected 60 to 80 participants will take part to gain enough data as a representative sample. 

(this box should expand as you type)

	Who will the participants be?

	
The participant pool will consist of students studying one of the Psychology degree programmes at the University of Wales Trinity St. David. All those recruited will be required to have normal or corrected-to-normal vision and hearing. All participants must be over the age of 18.

(this box should expand as you type)

	How will you identify the participants?
	

Participants will be recruited through the EMS. Potential participants will only be identifiable through a unique participant ID when they sign up to the study any data collected from each participant during the study will be made completely anonymous and will not be traceable back to the participant after the data has been analysed.
(this box should expand as you type)





	Information for participants:
	
YES
	NO
	
N/A

	Will you describe the main research procedures to participants in advance, so that they are informed about what to expect?
	☒
	☐
	☐

	Will you tell participants that their participation is voluntary?
	☒
	☐
	☐

	Will you obtain written consent for participation?
	☒
	☐
	☐

	Will you explain to participants that refusal to participate in the research will not affect their treatment or education (if relevant)?
	☒
	☐
	☐

	If the research is observational, will you ask participants for their consent to being observed?
	☐
	☐
	☒

	Will you tell participants that they may withdraw from the research at any time and for any reason?
	☒
	☐
	☐

	With questionnaires, will you give participants the option of omitting questions they do not want to answer?
	☐
	☐
	☒

	Will you tell participants that their data will be treated with full confidentiality and that, if published, it will not be identifiable as theirs?
	☒
	☐
	☐

	Will you debrief participants at the end of their participation, in a way appropriate to the type of research undertaken?
	☒
	☐
	☐

	If NO to any of above questions, please give an explanation 

	


(this box should expand as you type)



	Information for participants:
	
YES
	NO
	
N/A

	Will participants be paid?
	☐
	☒
	☐

	Is specialist electrical or other equipment to be used with participants?
	☐
	☒
	☐

	Are there any financial or other interests to the investigator or University arising from this study?
	☐
	☒
	☐

	Will the research activity involve deliberately misleading participants in any way, or the partial or full concealment of the specific study aims?
	☐
	☒
	☐

	If YES to any question, please provide full details 

	


(this box should expand as you type)





SECTION H: Anticipated Risks
	
Outline any anticipated risks that may adversely affect any of the participants, the researchers and/or the University, and the steps that will be taken to address them. 

If you have completed a full risk assessment (for example as required by a laboratory, or external research collaborator) you may append that to this form.  

	Full risk assessment completed and appended? 

	Yes 
	☐

	
	No
	☒

	Risks to participants
For example: emotional distress, financial disclosure, physical harm, transfer of personal data, sensitive organisational information

	
The main risks to participants are

A Participant or participants may not feel conformable in the laboratory environment.

The volume of the tone being played to the participants through a set of headphones.
 
Also, participants my become frustrated by the letter search task if they are unable to find the target letter.


(this box should expand as you type)
	How will you mitigate the Risk to Participant?

It will be explained to participants at the start of the study that they can withdraw at point during the study. They will also be provided with the contact details of the researcher and supervisor if they feel they want to express their concerns over conduct.
The volume on the computer will be set to a level suitable for the participant to hear the tone without causing discomfort. They will be given the volume control if they wish to adjust this. 

Participants will be reminded of their right to withdraw from the study without penalty and the debrief sheet will also explain that the high visual load task was meant to be difficult.
(this box should expand as you type)

	If research activity may include sensitive, embarrassing or upsetting topics (e.g. sexual activity, drug use) or issues likely to disclose information requiring further action (e.g. criminal activity), give details of the procedures to deal with these issues, including any support/advice (e.g. helpline numbers) to be offered to participants. Note that where applicable, consent procedures should make it clear that if something potentially or actually illegal is discovered in the course of a project, it may need to be disclosed to the proper authorities

	
N/A

(this box should expand as you type)

	Risks to investigator
For example: personal safety, physical harm, emotional distress, risk of accusation of harm/impropriety, conflict of interest

	
Due to the research taking place in a laboratory there is the potential for the researcher to be in a one-to-one environment with the participant.

The researcher may find themselves asked for information outside of their scope of knowledge as an undergraduate student.


(this box should expand as you type)
	How will you mitigate the Risk to Investigator:
To avoid the researcher being in a position of isolation with a participant, data collection in the laboratory will only take place between the hours of 9am – 5pm on Mondays to Fridays during term-time to ensure that members of university staff are on hand in the laboratory should any issues arise.
Prior to the commencement of data collection, the supervisor will sign off the consent and debrief if they are satisfied that adequate information has been provided for participants. In addition, contact details are provided on the debrief for the supervisor and either the participant or the researcher can contact the supervisor for clarification or to raise concerns.


(this box should expand as you type)

	University/institutional risks
For example: adverse publicity, financial loss, data protection

	Risk to University:

Whilst this is an undergraduate Dissertation research project and so contains no plans for wider dissemination beyond the university, should this be considered it will be through the supervisor who is conversant in university regulations regarding dissemination and media engagement. Also, there is the potential for researcher or participant conduct, should it be of a nature unbecoming of the UWTSD Student Code of Conduct, to behave in a way that may be a risk to the university.


(this box should expand as you type)
	How will you mitigate the Risk to  University:

All students in the academic discipline of Psychology and Counselling are expected to adhere to the UWTSD Student Code of Conduct and all researchers and participants are provided with contact details for the supervisor who is an experienced researcher and who has set out clear guidance for this study regarding ethical and code of conduct expectations.


(this box should expand as you type)



	Disclosure and Barring Service

	If the research activity involves children or vulnerable adults, a Disclosure and Barring Service (DBS) certificate must be obtained before any contact with such participants.
	YES

	NO

	N/A


	Does your research require you to hold a current DBS Certificate?
	☐
	☐
	☒





SECTION I: Feedback, Consent and Confidentiality
	Feedback
What de-briefing and feedback will be provided to participants, how will this be done and when? 

	
The participants will be debriefed using a hard copy debriefing form immediately at the end of the study in line with the university’s ethical guidelines and the BPS code of conduct, with information including the participants right to withdraw their data from the study, details of their right to confidentially, and a statement explaining their data will be anonymised and unable to be traced back to them. All data collection will be kept anonymous and only the researcher and the study supervisor will have access. Contact details of the primary researcher and research supervisor will be available to ensure the participants have a point of contact if they require further information or support. Details of why the study is being conducted and the main aims of the research will be documented on the debrief. At the end of the study participants will be offered the opportunity to ask any questions. 

(this box should expand as you type)

	Informed consent
Describe the arrangements to inform potential participants, before providing consent, of what is involved in participating. Describe the arrangements for participants to provide full consent before data collection begins. If gaining consent in this way is inappropriate, explain how consent will be obtained and recorded in accordance with prevailing data protection legislation.

	Participants will be recruited from the university’s EMS. They will be asked to volunteer to take part in the study. Further to this, the researcher will explain what to expect to each participant before completing a consent form. The consent form will include a brief explanation of what the participant will encounter during the study, how long the study will take, and a statement exclaiming that the participant is aware that any data retrieved by the researcher will be confidential and anonymous. If they are happy, participants will sign the consent form. 


 (this box should expand as you type)

	Confidentiality / Anonymity
Set out how anonymity of participants and confidentiality will be ensured in any outputs. If anonymity is not being offered, explain why this is the case. 

	
Data collected from participants will be kept confidential and be anonymised so that no identifying features regarding the participant are linked to the data stored for analysis purposes. This will be done through the university’s EMS which allocates all participants with a unique participant number and each participant will only be identifiable by this number.  



(this box should expand as you type)





SECTION J: Data Protection and Storage
In completing this section refer to the University’s Research Data Management Policy and the extensive resources on the University’s Research Data Management web pages (http://uwtsd.ac.uk/library/research-data-management/).
	Does the research activity involve personal data (as defined by the General Data Protection Regulation 2016 “GDPR” and the Data Protection Act 2018 “DPA”)?
	YES
	NO

	“Personal data” means any information relating to an identified or identifiable natural person (‘data subject’). An identifiable natural person is one who can be identified, directly or indirectly, in particular by reference to an identifier such as a name, an identification number, location data, an online identifier or to one or more factors specific to the physical, physiological, genetic, mental, economic, cultural or social identity of that natural person.
	☒
	☐

	If YES, provide a description of the data and explain why this data needs to be collected:

	Name on consent form. Age and gender information will also be collected.
Consent forms will be kept separate to data.


(this box should expand as you type)

	Does it involve special category data (as defined by the GDPR)?
	YES
	NO

	“Special category data” means sensitive personal data consisting of information as to the data subjects’ –
(a) racial or ethnic origin,
(b) political opinions,
(c ) religious beliefs or other beliefs of a similar nature,
(d) membership of a trade union (within the meaning of the Trade Union and Labour Relations (Consolidation) Act 1992),
(e) physical or mental health or condition,
(f) sexual life,
(g) genetics,
(h) biometric data (as used for ID purposes),
	
☐
	
☒

	If YES, provide a description of the special category data and explain why this data needs to be collected:

	


(this box should expand as you type)

	
Will the research activity involve storing personal data and/or special category data on one of the following:
	YES
	NO

	Manual files (i.e. in paper form)?
	☒
	☐

	University computers?
	☐
	☒

	Private company computers?
	☐
	☒

	Home or other personal computers?
	☐
	☒

	Laptop computers/ CDs/ Portable disk-drives/ memory sticks?
	☐
	☒

	“Cloud” storage or websites?
	☐
	☒

	Other – specify:

	☐
	☒

	For all stored data, explain the measures in place to ensure the security of the data collected, data confidentiality, including details of password protection, encryption, anonymisation and pseudonymisation:

	
In the case of consent forms containing participant names, these will be stored securely by the researcher in a locked draw in their home until a point at which they can be submitted to the secure SA1 lab facilities. 
Paper copies of the participants’ age and gender will be stored in the same manner as the consent forms. However, they will be stored separate to the consent forms, so as to not link participants names with other information about the participant. 
Storage of participant responses to the letter search detection task and the tone change detection task will be on the students university network cloud account on the lab computer, which will be password protected. Data that is downloaded from Super Lab will then be transferred on a password protected USB to the student researchers own laptop in order to conduct the analysis. Data on the USB will then be destroyed. The data collected through Super lab will not contain any personal data and so this is acceptable for use outside of the lab computers.



(this box should expand as you type)

	All Data Storage

	Will the research activity involve any of the following activities:
	YES
	NO

	Electronic transfer of data in any form?
	☒
	☐

	Sharing of data with others at the University?
	☐
	☒

	Sharing of data with other organisations?
	☐
	☒

	Export of data outside the European Union or importing of data from outside the UK?
	☐
	☒

	Use of personal addresses, postcodes, faxes, emails or telephone numbers?
	☐
	☒

	Publication of data that might allow identification of individuals?
	☐
	☒

	Use of data management system?
	☐
	☒

	Data archiving?
	☐
	☒

	If YES to any question, please provide full details, explaining how this will be conducted in accordance with the GDPR and DPA (and/or any international equivalent):

	Data, in its full anonymised form only, may be transferred from the laboratory laptops to other computers within the university for the purpose of transferring data into a statistical data analysis package. This data transfer will be carried out using password-encrypted USB sticks and data will be deleted from the stick as soon as it has been entered into the statistical package.




(this box should expand as you type)

	List all who will have access to the data generated by the research activity:

	
Stacey Loftus 3rd year Single (hons) Psychology undergraduate and Dr. Kate Williams

(this box should expand as you type)

	List who will have control of, and act as custodian(s) for, data generated by the research activity:

	
Stacey Loftus and Dr. Kate Williams principle supervisor 

(this box should expand as you type)

	Give details of data storage arrangements, including security measures in place to protect the data, where data will be stored, how long for, and in what form. Will data be archived – if so how and if not why not.  

	In the case of consent forms containing participant names, these will be stored securely by the researcher in a locked draw in their home until a point at which they can be submitted to the secure SA1 lab facilities. 
Paper copies of the participants’ age and gender will be stored in the same manner as the consent forms. However, they will be stored separate to the consent forms, so as to not link participants names with other information about the participant. 
Electronic data will be stored as password-protected files on a secure computer system in the labs. Because this is a dissertation project that is not expected to produce research-standard data it is not intended to either archive the data for public use nor to maintain the data for a period required for data in the public domain; therefore, after review of the materials by the External Examiners regarding the research reports produced by each student and after the experiment assessment has been reviewed by the appropriate examination board, the data will be destroyed (in all but exceptional circumstances this will then mean within 10 months of data collection).


(this box should expand as you type)

	Please indicate if your data will be stored in the UWTSD Research Data Repository (see https://researchdata.uwtsd.ac.uk/ ).   If so please explain. (Most relevant to academic staff) 

	


(this box should expand as you type)

	Confirm that you have read the UWTSD guidance on data management (see https://www.uwtsd.ac.uk/library/research-data-management/)

	YES
	☒

	
	NO
	☐

	Confirm that you are aware that you need to keep all data until after your research has completed or the end of your funding
	YES
	☒

	
	NO
	☐





SECTION K: Declaration
	The information which I have provided is correct and complete to the best of my knowledge. I have attempted to identify any risks and issues related to the research activity and acknowledge my obligations and the rights of the participants.

In submitting this application I hereby confirm that I undertake to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice

	Signature of applicant:
	Stacey Loftus 
	Date:
17/10/2019



For STUDENT Submissions:
	Director of Studies/Supervisor:
	Dr Kate Williams
	Date: 24/10/2019

	Signature:
	[image: ]

	



For STAFF Submissions:
	Head of School/Assistant Dean:
	
	Date:

	Signature:
	

	



Checklist: Please complete the checklist below to ensure that you have completed the form according to the guidelines and attached any required documentation:
	☒
	I have read the guidance notes supplied before completing the form.

	☒
	I have completed ALL RELEVANT sections of the form in full.

	☒
	I confirm that the research activity has received approval in principle

	☐
	I have attached a copy of final/interim approval from external organisation (where appropriate)

	☐
	I have attached a full risk assessment (and have NOT completed Section H of this form) (where appropriate)  ONLY TICK IF YOU HAVE ATTACHED A FULL RISK ASSESSMENT

	☒
	I understand that it is my responsibility to ensure that the above-named research activity will meet the University’s Research Ethics and Integrity Code of Practice.

	☒
	I understand that before commencing data collection all documents aimed at respondents (including information sheets, consent forms, questionnaires, interview schedules etc.) must be confirmed by the DoS/Supervisor, module tutor or Head of School.

	☐

	I have deleted the guidance notes before submitting the PG2 for consideration




Appendix K- SPSS output.

GLM high_change low_continous low_change high_continous
  /WSFACTOR=visual 2 Polynomial auditory 2 Polynomial
  /METHOD=SSTYPE(3)
  /PLOT=PROFILE(visual*auditory) TYPE=LINE ERRORBAR=NO MEANREFERENCE=NO YAXIS=AUTO
  /EMMEANS=TABLES(visual)
  /EMMEANS=TABLES(auditory)
  /EMMEANS=TABLES(visual*auditory)
  /PRINT=DESCRIPTIVE ETASQ
  /CRITERIA=ALPHA(.05)
  /WSDESIGN=visual auditory visual*auditory.



General Linear Model



	Within-Subjects Factors

	Measure:   MEASURE_1  

	visual
	auditory
	Dependent Variable

	1
	1
	high_change

	
	2
	low_continous

	2
	1
	low_change

	
	2
	high_continous




	Descriptive Statistics

	
	Mean
	Std. Deviation
	N

	high_change
	13.2000
	3.89740
	40

	low_continous
	12.9250
	3.41481
	40

	low_change
	14.6250
	3.46179
	40

	high_continous
	12.6000
	3.79473
	40
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Estimated Marginal Means
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	2. auditory

	Measure:   MEASURE_1  

	auditory
	Mean
	Std. Error
	95% Confidence Interval

	
	
	
	Lower Bound
	Upper Bound

	1
	13.913
	.550
	12.799
	15.026

	2
	12.763
	.540
	11.671
	13.854




	3. visual * auditory

	Measure:   MEASURE_1  

	visual
	auditory
	Mean
	Std. Error
	95% Confidence Interval

	
	
	
	
	Lower Bound
	Upper Bound

	1
	1
	13.200
	.616
	11.954
	14.446

	
	2
	12.925
	.540
	11.833
	14.017

	2
	1
	14.625
	.547
	13.518
	15.732

	
	2
	12.600
	.600
	11.386
	13.814





Profile Plots


[image: ]
 


image2.png
Total mean correct responses

15.0

145

140

135

130

125

Interaction of visual (High/Low) and auditory (Continuous
tonelchange tone) tasks of 40 trials

P—

visual-high visualow

Visuzl load tasks

— contin-
tone

— change-
tone




image3.png
EF H K L M
V W
Y V. ZW

MX M V Y [/

FK LN W E HZ

YW VNMLK
F E

N H V H Y E
/ F K'Y L M
K'Y ZE FN




image4.emf
            L    Y M      N Z     E F  H     K W E             H     Z     L F      K    V    M          N    Y    X   V     N      W    H            L       K    M Y           E Z F    W     L     M       E    V    F    N      H                 K    Y     Z    Z        L E             F       H       Y      K       W        M      V      N  


image5.emf
K        L     M     V       W     X      N  E H       F       Y Z             L V N           H Y      F     E      W      M      K    K            Z      E     Y      H       V      M     L    N     W       F   F      Y       L      W       Z       V      N  K     H       L       M    W        N       Z         Y       M     L  H E F V               K  


image6.emf
Z      Y     W         V      N      M    K  L     H E F   L     N     V     W         F      Z       Y     E      H       N        M    Z Y L K       M      H E F     W  N    K W F     E N Y      H     X    Z V  M L   F M       L     N    H         E        F K  W       N               Y   


image7.emf
Z        L      M      K      H      E     F  N W Y    V   M         V       N        W         F     H      E     L      K     Y      Z   Z     Y     K     L      N     X      W      F  H      E      M    F      L     M      H     K      V     Z      N  F     W      Y    M    K      F     N      W     L      H      V W             Y     E  


image8.emf
V     M    N    K    L    W    H       F       E Y    Z    F     V      K      L           H    Z     W  M     N     E     Y    K    H     L     M      N     Y Z     F     E  V      W    E M      N L H K F W                               Z V Y   L      F         E         H           K        M           N Y W        V X  


image9.emf
W     K     M      L      H      E           V F      Y      V      Z    H E       F      X     L     K     W     M  N     V     Y    H     E      V      F     Y     W         K  M                L      Z      N    K      N        E      V      Y      F     M  W       H      L      Z   V      M        W        L      H     F     E     N       K           Z V   


image10.emf
M V     W K X F E      H       Y       Z        N    K       N      Z        F      V       M E  L     W      Y      H   H      Y      F     M      L     E      W      V N K Z   W       H      V Y       N     F      K  M     Z     L      E    M     E        Z     H      L     V E Y  K            N F    


image11.emf
E      H F K     N L     Y M Z W  V   M       L       E      V     H      W       F  Z      K      Y      N   X      V      Y      H      E    F     N W  M      Y           L   H      F     E     V         W       Z K  Y N M L    N V         E F      W      H K           Z      M       W         Y    


image12.emf
F     E       M     N     K      L     H  W      Z     Y      V   M      V      Y      L      N      W       H  K       E      Y       F   V      W      K      E             F     Y  N      M      H     X     L   H            Y      M       K       F     E  W        Z        V       L       N   E        L      V         M       W      H  N      Y       Z     K      F  


image13.emf
Z K L M     N     W E      H F  VY   W       Z        E         M        K L  F N      V H Y   Y      V     H       E       Z       M     L  K     N      Z      W   K      Y     W       H     N      E      M  H V Z F   M       F       Y         V Z      H N E  K L         W  


image14.emf
W     F     V                           L  H       Y       M        E      N     K        Z   Y      Z H L     K N       E M W  V Z   Z      L      M            E      Y F N  W           H K  F   N      L      Z      Y      K     M      W      H      F     E     VL     Z      N E V  W M H Y Z K  


image15.emf
V     W      E      H     Z      K      L Y  F      N      M   Z    M L K     E H       V   F      N  W VM H L    N Y F K W V     Y E   E V L      K M          Y N W           F Z H   W F H                 M Z K L  N     V       Y           W  


image16.emf
K E M        L Y F H Z V              W N   W M                   E H V Z Y  L     K     N     F   Z       M        E       Y       L K H F  V        N      W    N   W K       Y        M        H E F  Z V    N          N K F L H E Z  Y M        W            V  


image17.emf
F E N L       K       Y       W Z H     V     M      L H V Z F M E W  K N Y            Y L        W           H E    F   M Z F                 N            K    H         Y          L M           N W  E F Z        V        Y    K       L                              Z  M          E       N        F        Y      W       H       V  


image18.emf
Z     V       M        E     N       H      L K       F W Y   V       Y       W       Z         L         K  M        N        H       F       E   E      M      Z      K      L     F      H  N               W Y V   Y                  M        N        H E  V   L            Z          W F V   L               E       H       Z      W  L        N         F          M V Y  


image19.emf
E     M            K       Z     W     L  N      H      V       Y       F   F         K L        M      N      W Z  Y       H                E V    V      F              L      M      N         W        Y      Z       V        E      H   M          E       H            Z W L  Y N V F K    K N         Z        L            E      W  H                   F M V Y  


image20.emf
N     V             Z E         H W Y  K L M F   F M H L                W Z  H   K  N E V   K      W      M       V       Z      H      Y      L      K     F       E   E        Z         W       V      M      K  L       N       Y        F     H   H                  L       Z      W      Y  N       M      V        F      E       K  


image21.emf
Z       V        M        N        F      H  K        L      W       E      Y   M       Z         V            N Y W  E      L      K       F       J   W       M       E        N              Z      Y  E   H       F     L     K   K      Y       N      W      Z         V      F  H      M      L      E   F      E      H         M       N     K      L  Z     V      Y       W   


image22.emf
H   K   L          F   E   Y   Z  V   M   N       W   W   H    E    Y    Z    N     M   F   V   K   L   L   E     Y Z V   N   W   K     M   H F   F   M   W  K   L   Y     Z V  E   H   N   E   M   H   Z   V   Y    W   L   K   F  


image23.emf
B                                                                                                 X                                                                          B        B                                                         B  


image24.emf
     X                   O                           O                                                                                                                  O                     O           


image25.emf
  S                                       S          X                            S                                                 S          


image26.emf
              C                              C                                                                                                                                          C                                                           X                                                   C  


image27.emf
X                   D                                        D                                 D                                                                        D  


image28.emf
                   S                                     X   S                                                                             S                                     S    


image29.emf
                                     G             X                                                                                                      G                       G                                                                     G  


image30.emf
               R                                                      R                                        X                          R                                     R                   


image31.emf
                                                           C              C              C                                              C                 X  


image32.emf
U                                                         U                                                   U                   U              X  


image33.emf
                            T   T                      T                                             T           T  


image34.emf
            J                                                          J                                 J                                                                                J                                                           J  


image35.emf
G           G                               G       G                                                G  


image36.emf
               Q                      Q                   Q             Q            Q       


image37.emf
Q   Q            Q                      Q                                      Q  


image38.emf
                                                            G                     G                   G                          G           G  


image39.emf
O                          O         O   O                          O      


image40.emf
  R                                                           R                R     R                              R  


image41.emf
    D                      D                             D                   D         D      


image42.emf
      S          S           S                                  S   S  


image43.emf
                                    Study Consent Form   I understand that this research study is being  carried out by a 3 rd   year Psychology Student  for the purpose of a final year dissertation, and that taking part in this study will involve  completing forty visual search tasks while simultaneously listening to a tone being played  during each task and answe ring two questions one related to the visual stimuli and one  related to the auditory stimuli.     This study will take approximately 15 minutes to complete.    I understand that participation in this study is entirely voluntary and I am free to withdraw  partic ipation at any time without giving a reason. I am aware that if I have concerns about  the study, I can discuss these concerns with the researcher at any time during or after the  study.   I understand that the information provided by me will be held confident ially, with a code  assigned in place of my name. These data will be stored indefinitely in accordance with the  Data Protection Act 2018.   I also understand that at the end of the study I will be provided with a debrief form and the  opportunity to  discuss any issues with the researcher. I understand that I will be provided  with the contact details of the academic supervisor on the debrief form.     I, ___________________________________( NAME) consent to participate in the study  conducted by  Stacey Lof tus ,   Academic discipline of Psychology and Counselling,  University of Wales Trinity Saint David,  Swansea under the supervision of Dr. Kate  Williams.     Participant Signature: ________________________________________________   Date: ___________________   Name an d signature of researcher taking consent    ___________________________________________________________________  
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Welcome     This study is been conducted for a third - year  psychology dissertation project     Your participation is  app reciated     Press the space bar to continue  
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Instructions   Please put the headphones on now      You will now be shown a number of letter search tasks one by one  for 3 seconds each.       Your task here is to identify if the letter X is amongst an array of  letters  in each task shown to you.       You will be asked after each task you see to specify if you found the X  amongst the other letters.      On the keyboard, the Q key has been covered with a green sticker  and the P key has been covered with a red sticker.   Green =  YES   Red = NO   You will also be asked a second yes or no question regarding the  noise being played to you during each trial.      Please answer these two questions as the study will only continue if  you answer each question after each task has been presented.     The study will tell you when it has ended.      Press the space bar if you are happy to continue  
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Was there a letter X present among  the  letters?   (Please press the  green   button on the keyboard for  Yes   or the  red   button for  No )  


image47.emf
Did any change happen to the tone  being played to you?   (Please press the  green   button on the keyboard for  Yes   or the  red   button for  No )  
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The study has now  ended     Thank you for your  participation     Please inform the researcher  
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           Study Debrief Sheet    The impact of visual load on tone  change detection accuracy.         Thank you for taking part in this study.       The aim of this study was   to explore weather visual load impacts ability to detect a  tone change. We specifically wanted to find out whether during a high visual load  task participants would be less likely to detect a tone change compared to their  ability to detect the tone change   during a low visual load task. The high visual load  tasks involved a target letter surrounded by many other similar letters, while the low  visual load tasks involved the target letter surrounded by one other letter repeated  four times.       If you wish to wi thdraw your data from the study, you must tell the researcher  now.    After this point, all of your data will remain anonymous and confidential and it  will not be traced back to you.       If taking part in this study has raised any questions please speak to the   researcher  Stacey Loftus on  1707419@student.uwtsd.ac.uk   or contact the academic supervisor  Dr Kate Williams on  kate.williams@uwtsd.ac.uk         Thank you once  again for taking time to participate in this study.         Stacey Loftus     BSc Psychology     University of Wales Trinity Saint David, Swansea   
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Multivariate Tests®

Partial Eta
Effect Valus F Hypothesis df _ Emordf  Sig Squared
visual Pillais Trace oss  a778® 1000 39.000 059 088
Wilks'Lamhda o2 3778’ 1000 39.000 059 088
Hotelling’s Trace. 097 3778" 1000 39000 059 088
Roy's LargestRoot 097 3778" 1000 39000 059 088
auditory Pillai's Trace o077 323° 1000 39000 080 o7
Wilks'Lamhda 923 323" 1000 39.000 080 o7
Hotelling’s Trace. 083 323" 1000 39000 080 o7
Roy's LargestRoot 083 323" 1000 39000 080 o7
visual *auditory _Pillai's Trace 239 12266" 1000 39000 00t 23
Wilks'Lamhda 761 12.268° 1000 39.000 00t 23
Hotelling’s Trace. 315 12266" 1000 39000 00t 23
Roy's LargestRoot 315 12266" 1000 39000 00t 23

aDesign:Intercept

Within Subjects Design: visual + auditory + visual * auditory

b. Exact statistc
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Mauchly's Test of Sphericity®
Measure: MEASURE_1

Epsilon”
Approx. Chi- Greennouse-
Within Subjscts Efisct__ Mauchlys W Square o sig. Geisser  Huynh-Feldt  Lower-bound
visual 1.000 000 0 1.000 1.000 1.000
auditory 1.000 000 0 1.000 1.000 1.000
visual * auditory 1.000 000 0 1.000 1.000 1.000

Tests the null iypothesis that e error covariance mairx of the arhanarmalized ransformed dependent vanables 1s proparional
to an identity matrix
a Design: Intercept
Within Subjects Design: visual + auditory + visual * auditory
b. May be used to adjustthe degrees of freedom for the averaged tests of significance. Corrscted tests are displayed in the
Tests of Within-Subjscts Effects table.
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Tests of Within-Subjects Effects
Measure: MEASURE_1

Type Il Sum Partial Eta
Source of Squares df MeanSquare F sig Squared
visual Sphericity Assumed 12100 1 12100 3778 059 088
Greenhouse-Geisser 12100 1.000 12100 3778 059 088
Huynh-Feldt 12100 1000 12100 3778 059 088
Lower-bound 12100 1.000 12100 3778 059 088
Error(visual) Sphericity Assumed 124900 39 3203
Greenhouse-Geisser 124900 39.000 3203
Huynh-Feldt 124900 39000 3203
Lower-bound 124900 39.000 3203
auditory Sphericity Assumed 52900 1 52000 3238 080 o7
Greenhouse-Geisser 52900 1.000 52000 3238 080 o7
Huynh-Feldt 52900 1000 52000 3238 080 o7
Lower-bound 52900 1.000 52000 3238 080 o7
Error(auiton) Sphericity Assumed 637.100 Et] 16.336
Greenhouse-Geisser 637.100  39.000 16.336
Huynh-Feldt 637100 39.000 16.336
Lower-bound 637.100  39.000 16.336
visual * auditory Sphericity Assumed 30625 1 30625 12266 00t 23
Greenhouse-Geisser 30825 1.000 30625 12266 00t 23
Huynh-Feldt 30625 1000 30625 12266 00t 23
Lower-bound 30825 1.000 30625 12266 00t 23
Erfor(visual*auditon) _Sphericity Assumed 97375 Et] 2497
Greenhouse-Geisser 97.375  39.000 2497
Huynh-Feldt 97375 39.000 2497

Lower-bound 97.375  39.000 2497





image54.png
Measure: MEASURE_1

Tests of Within-Subjects Contrasts

Type Il Sum Partial Eta
Source visual _audiory _of Squares df MeanSquare F sig Squared
visual Linear 12100 1 12100 3778 059 088
Error(visual) Linear 124900 39 3203

auditory Linear 52900 1 52000 3238 080 o7
Error(auiton) Linear 637.100 39 16.336

visual * auditory Linear  Linear 30625 1 30625 12266 00t 23
Enmor(visualtauditory) _Linear _Linear 97375 3 2497





image55.png
Tests of Between-Subjects Effects

Measure: MEASURE_1
Transformed Variable: Average

Type Il Sum Partial Eta
Source_of Squares dof  Mean Square F sig Squared
Intercept 28462225 1 28462225 912270 000 959
Error 1216775 39 31199
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1. visual

Measure: MEASURE_1
95% Confidence Interval
visual  Mean  Std.Ewor  LowsrBound  Upper Bound
1 13083 478 12085 14030
2 13613 449 12705 14520
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