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Abstract

The current study was to establish how an individual’s speed of processing affects other cognitive processes like working memory and attentional capacity. An experimental mixed-subjects design, 2 x 2 ANOVA statistical test analysed 116 participants, aged between 18-55, who completed cognitive processing tasks, which consisted of a mental speed test, visual search task and a recall memory task. The attention task results demonstrate a non-significant difference. The lower the score, the quicker the participants were at processing information. The slow processors took more time to solve the attention tasks, compared to the fast processors. The cognitive load did not impact on the overall speed of processing in the attention task. The memory task results indicate a significant difference. The lower the score, the slower the participants were at processing information. To conclude the Speed of processing impacts on both constructs, attention and memory and therefore, affects performance and learning.
Chapter 1.
Introduction: 
Cognitive processing is the ability to execute cognitive tasks and is the operation that affects mental processes, like how individuals attend to, store and retrieve information (Levitt et al., 2006). 
Speed of Processing: 
Speed of Processing (SOP) is considered the main construct of cognitive functioning which crucially sub-serves many other higher-ordered cognitive domains (Albert et al., 2012), and can be defined as how rapidly an individual can accurately process and react to information in a specific unit of time (Kalmer & Chiaravalloti, 2008). SOP predicts individual automaticity, fluency and variations of cognitive performance within various tasks such as visually, auditory or movement (Bryan & Luszcz, (2001); Kail & Salthouse, (1994); Salthouse, (2005). For example, to rapidly identify specific images or words during a computational task (Kalmer & Chiaravalloti, 2008). The speed at which individuals process sensory information is the primary function of cognitive processing, and is a vital skill within learning, academic achievement, rational thinking and experience (Salthouse, 1996).
[bookmark: _Hlk4242648][bookmark: _Hlk2617212]A fast processor is likely to read rapidly with the ability to find numbers and information faster than a slow processor (Groth-Marnat, 2009). However, a rapid SOP is not a good indicator of the speed at which an individual can develop a new skill (Lichtenberger & Kaufman, 2012). On the contrary, when the individual has acquired that skill, it becomes a more accurate indicator of how proficient they are at completing tasks (Lane, 2014), suggesting that two individuals may be equally effective at developing a new skill. Yet, the difference is, how quickly and precisely they can carry out that skill (Lichtenberger & Kaufman, 2012). The more effective the individual aptitude to do easy or previously learnt tasks, the more rapid the SOP, and the more effective the ability is to understand and acquire information, when learning and completing tasks (Lane, 2014). 
[bookmark: _Hlk4242681]On the other hand, SOP can be slow (Fry & Hale, 2000) SOP interferes with executive functions when processing information. As a result, a slow processor will struggle in comparison to a fast processor (Lane, 2014) to plan, establish aims, make decisions, begin tasks and pay attention (Cepeda, 2013), as they require more time in reading, mathematics, verbal communication, concentrating and note taking (Fry & Hale, 2000). Despite this, slow processing is not classified as a disorder or a learning or attentional deficit, yet, may interfere in learning, and is said to be a contributory factor to specific learning difficulties like attention deficit hyperactivity disorder (ADHD), dyslexia, dyscalculia, and auditory processing disorder (Lane, 2014). 
Theoretical explanation of Speed of Processing: 
The dual-process theory (2011) implies ‘mental thought’ can occur in two ways, or be the result of different processes, implying that the brain consists of two minds (Kahneman & Egan, 2011). The theory demonstrates that the two cognitive operations of thought underlie ‘intuitive and reflective processing’ (Evans & Stanovich, 2013), and refer to the cognitive operation of ‘system 1’ (fast) and ‘system 2’ (slow) (Kahneman, 2011). ‘System 1’ is referred to as ‘automatic’, requiring no effort and is prone to error, which implies that individuals are not really thinking at all, like when we drive a car (Kahneman, 2011). Moreover, ‘system 1’ is driven by individual innate ‘instinct’ and ‘prior learning’. Whereas, ‘system 2’ requires activation of the brain and is much slower, and therefore, tires easily and is said to ‘allocate attention to the mental activities that demand it’. However, if the attention is interrupted it may divert elsewhere (Kahneman, 2011). For example, to focus on a specific voice in a busy and loud environment requires attention, but the attention is subject to interference (Kahneman, 2011).  
Kahneman (2011) describes ‘system 1 and system 2’, as ‘Heuristic processes’, and influential concepts in the area of ’judgement and decision making;’. Humans are said to make choices, through ‘mental shortcuts’, which enables them to efficiently solve problems ‘quickly and automatically’, using ‘intuition’ instead of ‘reasoning’, like when learning a new concept or making a judgement, which generally involves focusing on one aspect of a complex problem. Consequently, ignoring other incoming information, ‘consciously or unconsciously’ (Evans & Stanovich, 2013). When individuals make decisions, they form opinions, and chose ‘actions’, through mental processes, which are influenced by our ‘biases, reason, emotions and memories’ (Kahneman, 2011). Overall, fast and slow thinking dictates much of our perception and reactions throughout life (Evans & Stanovich, 2013), like individual reaction time (RT), the time it takes between perceiving and responding to a stimulus (Salthouse, 1994). For example, a fast processor can react to danger more rapidly, ‘system 1’, (innate response), whereas, a slow processor, who has a slower RT would, therefore, need more time to process the danger and to respond. Attention and automaticity influence sensory memory, and subsequently impact on information processing. Hence, the more attention paid, the more accurate the response may be. However, ‘system 2’ has a limited capacity and will focus on the most important activity (Kahneman, 2001) Overall, the majority of what you think and how you act originates in ‘system 1’, yet, ‘system 2’, overrules this when more effort is needed. ‘System 1’ does not shut off and is bias, suggesting errors can occur (Kahneman, 2011). 
Controlled and Automatic Processing: 
[bookmark: _Hlk4243873]Shiffrin & Schneider (1977) and Schneider & Shiffrin (1977) provide a theoretical assumption of practice on individual performance, suggesting that few processes are automated through continued practice and both differentiated between controlled and automatic processing (Eysenck & Keane, (2015).  Consequently, human behaviour is determined by both controlled and automatic cognitive processes. Controlled (slow) processing is of limited capacity and means that the individual needs to pay attention, to consciously make effort to process stimuli within changing circumstances, whereas, automatic processing (fast), has no limited capacity and does not require the individual to pay attention, (unconscious), and neither do they need to voluntary control their automatic processes (XU, 2014). An automatic process is difficult to change once learnt, which is due to the ‘inflexibility’ as when the circumstances change this interferes with performance (Eysenck & Keane, 2014). The assumption still proves to be greatly influential (Ashby & Crossley, 2012), yet, limitations suggest that automatic processes work in parallel, and do not place ‘demands on attentional capacity’. Therefore, during automatic processing, the mechanism in relation to “decision speed of the number of items in the memory set and visual display should be horizontal” (Eysenck & Keane, 2015, p198) Consequently, deciding was slower when ‘memory set and visual display’ each held many items (Eysenck & Keane, (2015).  
Memory:
Memory is a consequence of persistent learning (Gazzaniga et al., 2009), and usually occurs when exposed to a stimulus (Squire, 1987). Memory is often defined as the capability to sustain and use information in the existence of interruption and is directly linked to the ability to retain focus (D’Esposito & Postle, 2015). The working memory (WM) system is designed to readily hold available information for ‘cognition’ in the current moment (Oberauer & Hein, 2012). Furthermore, WM is distinct from two other forms of memory storage, iconic memory and long-term memory (LTM) (D’Esposito & Postle, 2015).  
Memory is a vital component for individuals to process and interpret stimuli. Previous studies (Salthouse & Coon, 1993; Sliwinski & Buschke, 1997) imply that SOP predicts how individuals learn (as cited in Tam & Schmitter-Edgecombe, 2013). Yet, the ability to learn depends on WM limits, to temporarily store, manipulate and hold information (Baddeley, 1968), during a range of complex tasks; ‘comprehension and reasoning’ (D’Esposito & Postle, 2015). Moreover, during the early stages of learning, requires the ability to hold and keep stimuli active in the mind, before the skills become an automatic process (Baddeley., 2010). Individuals with higher SOP issues generally show difficulties in WM (Lengenfelder et al., 2006). 
Attention: 
The mental resource attention is vital to any living organism (Levitin, 2014), and can be defined broadly as a system which selects and prioritises processed information (Groome et al., 2014). It determines which parts of the environment the individual attends to, while ignoring any immediate, disrupting stimuli (Levitin, 2014), through disregard (Ward, 2010). Selective attention is the ability to focus. For example, an individual can ‘intentionally’ direct their attention such as visually scan for a something specific or to zone in, such as to listen to a conversation within a loud environment. Furthermore, can attend to something ‘unintentionally’ such as when an object ‘catches our eyes’ or when a familiar sound is noticed like when someone has mentioned your name yet, is not talking to you (Groome et al., 2014). To prevent a sensory overload, attention is needed as the brain’s capacity is unable to fully process all the information that it receives (Levitin, 2014).
An individual’s capability to selectively attend to information (attention) and to retain information in an accessible state (WM) is vital to learning. When individual’s complete tasks, it depends crucially, on the capacity to retain the essential stimuli over time (WM) and to ‘selectively process’ stimuli from their surroundings (attention) (Fougnie, 2008). However, despite the amount of research to understand the relationship between the two, the concepts are still not fully understood and often research focuses upon them as separate aspects (Fougnie, 2008). 
Attention and WM interact during the ‘encoding and manipulation’ stage as the contents often overlap, (Fougnie, 2008). The relationship between WM and attention depend on the type of attention and WM processes that are involved (Cowan, 1988,1995,1999a). Both constructs are vital to the learning process and cannot work without one another (Chun & Turk-Browne, 2007). For example, WM is the mental workspace that maintains how we store information, remember things, gain knowledge and problem solve during mental tasks which for some can be more mentally challenging than others, and therefore, information may need to be chunked, to lessen the cognitive load (Lavie, 2005). For example, in mathematics, when completing mental task without pen and paper, you need to be able to hold the numbers in mind to calculate the equation correctly (Kahneman, 2011). Yet, if someone spoke to you at the same time, you are likely to remember the conversation, but at the same time you would need to keep the information active and process the calculation concurrently. To reduce mental overload, the individual needs to allocate ‘system 2’ processing control, to protect the task in hand and to hold the information long enough so that it can pass into short-term memory (STM) & LTM (Kahneman, 2011).
The process of thinking includes working with only a ‘selected subset’ of material which is ‘relevant’ for the present step in a task. Therefore, a mechanism is needed to ‘selectively attend’ to the ‘subset information’ in the WM (Oberaer & Hein, 2012). Both processes, attention and WM are vital to learning new information. For instance, attention allows information to be received and the WM equips the brain to make sense of the incoming stimuli. The ability to learn new things depends on WM capacity as the WM stores and manipulates the information for a short time and is classified as a measure of an individual’s learning potential (Jackson, 2016). Overall, the two constructs are both vital for day to day activities and performance when learning. For example, Baddeley, Gathercole & Papagno, (1998) found that individual differences within phonological memory is vital for differences within learning capabilities within adults and children. Furthermore, WM has many ways of influencing learning like how an individual may concentrate and follow instructions, as having poor WM skills impact the ability to remember and retain information subsequently, vital for learning (Buszard et al., 2017). If the individual is distracted or interrupted, attention may be diverted, and the contents are quickly lost (Buszard et al., 2017). More importantly, there is a limit of how much information that can be retained in the WM at one time to prevent cognitive overload and from exceeding the WM capacity, which varies individually (Jackson, 2016). Likewise, if the task is complex, it reduces the workspace available to store information and can result in losing information that is already stored, meaning the task would have to be performed again. WM requires enough space for concept formation, and uses control processes and mnemonic strategies, which are vital to learning new information (Cowan & Hardman, 2015).  
Importance of Speed of Processing and Memory: 
A vital assumption is that information decreases in availability, such as the quantity and quality over time in the form of decay or displacement (Salthouse, 1996). Furthermore, when the conditions change quickly, information may become superseded, meaning that it may not be correct by the time it has become available. Thus, if the speed of executing operations is slow, the necessary information is less likely to be beneficial as information may be degraded at the time the earlier operations are finally completed (Salthouse, 1996). This will happen regardless of the time period available for processing, due to critical limitations being based on internal mechanisms instead of the relation between SOP (internal) and external (information presentation time) factors (Salthouse, 1996). For example, in the classroom, the white board displays electronic stimuli to provide students with task relevant information, which means the student needs to process and rapidly read what’s presented. However, if they are a slow processor, by the time they attend to the board and attempt to write down the relevant information, much of this stimulus has decayed as well as disappeared from the display. On the other hand, the speed at which individuals process stimuli is not inevitably linked to WM. Yet the processing of sensory information impacts on how an individual will learn, their STM capacity and their ability to learn (Genova et al., 2012). WM abilities and SOP abilities to date, are not fully understood (Genova et al., 2012).
Importance of Speed of Processing on Learning:
Most SOP research stems from Salthouse, (1996), who concluded that limitations within speed of information processing are detrimental to the quality and quantity, as well as the availability of information necessary for later cognitive operations such as learning new things. SOP is classified as one of the main mechanisms of the cognitive process and is the reason why it is the most important component in learning, experience, reasoning, academic performance and developing intellect (McFarland, 2017). SOP means the individual can interact with their environment and dictate how they respond to stimuli. This can be identified through RT, which allows the individual the capability to complete previously learnt, simple or complex tasks (Vogel et al., 2005). If for instance, individual RT is slow, this can be noted as a cognitive deficit and may equate to the individual struggling to make decisions or to pay attention as attention depends largely on the demands of complexity the task (Vogel et al., 2005). To combat slow processing and accelerate the rate at which individuals process stimuli, one can engage within learning new tasks, subsequently making stronger connections and pathways within the brain (Cepeda, Blackwell & Munakata, 2013). 




Literature Review: 
The effect of Speed of Processing on Memory: 
[bookmark: _Hlk4248043]Craik & Bryd (1982) and Morris, Gick & Craik (1988) state limitations in processing are linked to greater WM demands and that cognitive processes compete (‘trade-off’) for the same ‘resource-pool’, implying the greater the mental operation, the greater the demand on WM. Baddeley et al., (1975) found individual performance on WM tasks to be poor when longer words were recalled in comparison to shorter words. The articulatory loop is temporarily restricted with a limited capacity, demonstrating that the memory relies on the capacity of the executive WM mechanism. Findings demonstrate that faster readers were better at memorising information (Baddeley et al., 1975). Levitt et al., (2006) found that SOP decreases the productivity of WM by restricting the amount of information an individual can instantaneously keep active. Furthermore, Schmitx, Rotter & Wilhelm (2018) noted that SOP and WM relationship depend on the complexity of the task and the scoring method used to assess the capacity limits in WM. The findings show SOP is ‘moderately to strongly’ linked with WM capacity. 
Chiaravalloti, Stojanovic-Radic, & DeLuca (2013) explored the relationship between SOP and WM within new learning and examined how SOP influences WM capabilities on 51 participants who each completed two factors of SOP and two of WM. The findings indicate that SOP constantly correlated with new learning. Yet, WM was only significantly identified within the few trials that demand more in-depth learning. Moreover, the variation in new learning capabilities is mainly linked to SOP issues in WM capacity. However, considerations towards their findings were proposed, as the study implied SOP impacts learning but may not necessarily be due to variations within WM performance. Additionally, Lengenfelder et al., (2006) found that the SOP, instead of the accuracy, is the main issue in processing, as findings show that a poorer WM requires a greater amount of time to complete tasks. 
Tam & Schmitter-Edgecombe (2013) measured learning and memory abilities, using a total of 141 older adults, to examine the impact of SOP and executive control on learning and memory. A regression analysis identified that SOP measure predicted both learning and memory performance. The findings concluded when inferring learning and memory scores of those with a SOP deficit, the influence of slow SOP on performance needs to be considered. Likewise, Brown, et al., (2012); Foster et al., (2010), (as cited in Tam & Schmitter-Edgecombe, 2013), found a significant association between SOP, learning and memory performance and noted a slower SOP were linked to a poorer learning and memory performance. The study demonstrated that SOP significantly predicts both learning and memory. Moreover, Brown, et al., (2012) found that SOP accounts for a higher variance in WM performance over executive functioning measures and predicted that a slower rate of encoding/rehearsal, results in a poorer WM, (as cited in Tam & Schmitter-Edgecombe, 2013).  
The effect of Speed of Processing on Attention:
To selectively attend to information is the ability to avoid disrupting stimulus (Lezak, Howieson, Bigler, & Trane, 2015), and to ‘suppress inappropriate responses’ (Commodari 2017) to attend to the task at hand, which requires executive functions (Pozuelos et al., 2014), cited in (Commodari 2017), vital to learning and performance. To highly, selectively attend to information should lessen performance, in comparison to using low selective attention in a distracting environment (Yiend, Matthews & Cowan, 2005). Craik and Bryd, (1982) suggest that a decrease in the available ‘mental energy’ or ‘attentional capacity’, impacts on cognitive performance as the increase in task demand will lessen performance, especially, if the task is attentionally demanding. Therefore, performance in tasks will be poor and the SOP will decrease. Moreover, Kail and Salthouse (1994) argue that processing limitations are due to insufficient ‘work space’ or mental effort, which is used up before the task is finished. The limited attentional capacity restricts SOP, and information that is not processed quickly, decay’s or experiences interference from further stimuli 
Kail (1993) conducted a choice RT, comparisons search, and a visual search task on a sample of adults, compared to the 6-16 years old. In summary, the findings highlighted a large relationship between responses and age. More importantly, a pattern was identified in the speed measures and indicated the extent of which SOP increases with larger demand. Moreover, the extent at which tasks can be executed, depends upon the demand and the impact to the resource. Hence, if the task exceeds the total load of individual capacity, interference will occur (Eysenck & Keane, 1997). 
Bourke et al., (2013) established evidence that attention affects the stimulus the brain receives from the visual observation, suggesting if you are not focused or attending to a stimulus, this will affect what you see. Thus, suggesting that the SOP and attention are not completely autonomous features. Visual search is used within many things, yet, is helpful in allowing us to measure ‘capacity limitations. The task allows us to accurately measure individual reaction time (RT) (Nobre & Kastner, 2014). However, there are individual differences in the identification of a target (Rusconi et al., 2012). For example, those who pay greater attention to detail generally have a superior target detection, in comparison, to those who hold a low attention to detail (Eysenck & Keane, 2015). Huang & Pashler (2005) found that despite how hard visual search tasks are, they are not always a vital indicator of attentional capacity. Therefore, attentional capacity depends on the task itself. Subsequently, fast processors completing easy tasks may become slower or inaccurate when faced with harder tasks. 
Furthermore, it is argued that selective visual performance improves performance in various tasks. Yet, it is unclear whether the SOP increases attended stimuli or whether the decrease in SOP impacts on the unattended stimuli (Tunnermann, Petersen & Scharlau, 2015). Tunnermann, Petersen & Scharlau (2015) conducted a total of two experiments, consisting of 25 participants, and who had normal vision to investigate whether attention increases or decreases SOP, by measuring the time it takes to encode information into visual short-term memory (VSTM). The findings indicate that attention decreases SOP of attended information and increases the processing of unattended information. Yet, different tasks require different strategies and therefore, SOP will too. 
Gunstad, Cohen, Paul & Gordon (2006) conducted cognitive trials, which examined attentional capabilities, on 342 healthy adults, who ranged between 21-79 years old. The study indicated that attention is a distinct mechanism, which controls specific task demands yet, does not work alone. Furthermore, noted that attention has a capacity to the amount of information that it can simultaneously process due to ‘limited structural & energetic’ components (Gunstad, Cohen, Paul & Gordon, 2006). The research concluded that SOP runs independent to attention and that other complex processes, such as WM need to also be examined.  
The importance of Speed of Processing on Attention and Memory:  
Attention is described as a vital determinate of WM performance (Awh et al., 2006; Fukuda and Vogel, 2009), yet, WM is considered to direct attention (de Fockert et al., 2001; Downing, 2000), (as cited in McFarland, 2017). Due to a restricted capacity of WM, stimuli ‘competes for selection and maintenance’ and the WM is described as the ‘active maintenance of attending to stimuli’ (Chun, 2011, as cited in Nobre & Kastner, 2014). Furthermore, selective attention controls what information is encoded into the WM (Gazzaley & Nobre, 2012). Cepeda et al., (2015) noted that individuals who score well on WM tasks, including storing and processing information, are more equipped to stay on task, which is vital to the process of learning. Moreover, both constructs are not distinct (McFarland, 2017) and the ‘neural networking overlap’ (Awh and Jonides 2001; LaBar et al., 1999, as cited in Nobre & Kastner, 2014), 
Towse, Hitch & Hutton (2000) and Hitch, Towse and Hutton (2001) conducted WM span tasks, similarly to Towse et al., (1998), yet, Towse, Hitch & Hutton (2000), studied the impact of ‘retention interval on span’, and the impact of ‘memory load on processing’ within 30 adults, (graduates and non-graduates), age 17-65 years, and identified that individuals switch their attention between processing and storing information instead of sharing the attention and found that the more successful they were at this, the more rapidly they would complete the task. Consequently, this would make it difficult for a fast processor as they would struggle to switch tasks. Furthermore, individual differences in WM span tasks may not be related to the SOP directly, as the result indicated other factors may influence the shaping of WM. 
Moreover, Stawski, Sliwinski & Hofer (2013) conducted a study to examine the association between SOP, attention switching and WM differences. The sample consisted of 108 adults, ranging from 18-24 and 65-95 years old, who all participated in measures of SOP, attention switching, and WM tasks, over a period of 14 days. The findings suggest that SOP is vital to understand individual differences within WM, yet the importance of attention switching, aids the understanding of the variation within WM capacity. 
Berti and Schroger (2003) state that WM partly serves to prevent interference and found that stimuli are ‘processed when it is task-irrelevant’. The WM during greater cognitive load does not prevent distractions during tasks. They concluded that WM and attention are closely related, and that attention switching is not completely ‘determined in a bottom-up manner’ (Berti and Schroger, 2003). For example, during a demanding mental task, both constructs may not be accessible for ‘processing task-irrelevant’ stimuli due to the environmental change, which partly suppresses the WM, and implies that individuals are vulnerable to distractors. Moreover, Huang & Pashler (2005) implied that if the SOP is ‘retarded,’ it demonstrates ‘attentional capacity’ restrictions, and explored the impact of ‘attentional capacity’ on three varying search tasks; difficult feature search, difficult conjunction and spatial-configuration search. All tasks comprised of 16 components, split into two-eight component groups. The two groups were shown either ‘successively or simultaneously’, however, both groups highlighted ‘attentional capacity’ restrictions, yet, were only visible in the ‘spatial configuration search’. The findings show that the load of the visual search task impacts search effectiveness but does not essentially include ‘attentional capacity’ restrictions. Additionally, involuntary attention switches during stages of change and consequently, enables individuals to concentrate on the relevant stimuli in greater demanding situations, yet can scan their surroundings ‘pre-attentively’ (Berti and Schroger, 2003). Moreover, Kim et al., (2005) implied that WM load can reduce ‘task irrelevant information as the WM information interlinks with the content of the ‘task-irrelevant information’ (as cited in, Stawski, Sliwinski & Hofer, 2013). When individuals switch tasks, performance lessens, as conflict interaction increases load, as the need to deal with more demands, increases (Kim, Johnson & Gold 2012). Moreover, Basak & Verhaeghen (2011), Verhaeghen & Basak, (2005) propose that if the switching of attention is fast then individual WM performance should be more efficient than when attention switching is slow, (as cited in Stawski, Sliwinski & Hofer, 2013). Literature suggests that cognitive load does not always have the same impact on all individuals (Lave, 2005). 
One element that can impact upon SOP is cognitive load. Lavie’s (2005;2010) load theory emphasises the impact of distraction and argues that individuals are side-tracked by task irrelevant stimuli which depends on the perceptual demands of the task at hand.  Hence a high-load tasks needs nearly all the individual’s perceptual capacity, yet low-load tasks do not. For example, a low load task requires spare attentional resources, which is why task irrelevant stimuli is more likely to be processed than with high-load tasks (Eysenck & Keane, 2015). Furthermore, cognitive load, which is the demand on the memory, is imperative as the distraction impact is greater when the cognitive load is high instead of low. This is due to a larger cognitive load reducing individual ability to use cognitive control to distinguish between a target and distractor stimuli (Eysenck & Keane, 2015). In addition, the impact of perceptual load on attentional processes are comparatively automatic. In conflict, those of cognitive load involve non-automatic, controlled processes. Consequently, perceptual and cognitive load include different processes, which is why it is supposed that their effects on attention are autonomous of one another (Eysenck & Keane, 2015).  Overall, it is argued that cognitive load reduces cognitive or attentional control (Lavie, 2005). Hence individuals with a low attentional control should resist distraction compared to those with a high attentional control. More importantly, (Eysenck et al., 2007) stated through the attentional control theory, that individuals who are anxious will have a poor attentional control and are vulnerable to distraction, as hypothesised in the load theory. 
The cognitive load theory assumes that WM constraints control ‘instructional design effectiveness’ (Sweller et al., 1998, as cited in Kirschner, 2002). Many implications exist within cognitive load such as being able to predict how much capacity is present. For instance, having too high cognitive load could mean the individual will struggle to follow, yet too low, could result in insufficient engagement (Cowan, 2015). 
The research aim is to explore the effect of SOP on attentional capacity and WM. 
The study will examine human cognitive abilities; the rate at which an individual can process information through mediational processes, using a standardised measurement of individual RT, by investigating individual SOP, fast or slow, and how this influences other mental processes; attention and memory, using a series of cognitive RT tasks. The study is relevant to support individuals to function adequately in everyday activities. To measure overall abilities in academic institutions, to monitor cognitive development and enhance executive functioning skills. Also, within clinical psychology to rehabilitate neuroplasticity, vital to successful performance and learning (Finn et al., 2014).  
SOP effects individual memory and attention, and therefore, memory and attention affect individual learning, hence the importance to explore the effect of SOP on individual memory and attention, to gather predictions of human learning and performance. SOP impacts on all areas of cognition (Salthouse, 1996), which increases with age in childhood (Kail & Salthouse, 1994), and declines over the life course (Levitt et al., 2006). The processing system becomes less efficient (slower) in the ageing process. For example, when completing tasks, individuals cannot hold as much information in the mind, due to cognitive decline, and may need a longer time to process stimuli (Salthouse, 1996).
Academic institutions do not differentiate between fast and slow processors, which impacts on the quality of learning and performance in the classroom, such as the effectiveness of attending to information and completing tasks. Today, individuals are expected to learn more in less time, to rapidly complete tasks, and to keep up with the fast pace of life. Yet, some individuals cannot as they cannot perform sufficiently, due to restrictions within the central nervous system (CNS), which does not allow them to process incoming information rapidly. Consequently, causing difficulties in performance and when completing simple daily tasks (Jensen, 2005).  
It is assumed that individual performance in cognitive tasks is restricted generally by processing constraints, as well as ‘knowledge and variation’ of certain processes (Salthouse, 1991a). 



The author predicts that the 
· Faster cognition processors are expected to score better on the memory tasks, and score better on the attention tasks, compared to the slow processors. 
· Slow processors are expected to do better on the hard tasks in both the memory and attention tasks, compared to the fast processors. 




















Chapter 2. 
Methodology:
Design: 
The study used an experimental procedure to measure the effect of speed of processing on attention and Memory. The data were analysed using two, 2x2 mixed-subject analysis of variance (ANOVA) statistical test.  
The Independent variable: speed of processing; 1. Fast and 2. Slow. 
The dependent variable: each having two conditions: Memory: (easy and hard), x Attention: (easy and hard). 
Participants: 
Participants consisted of an opportunity sample from a university in South-West Wales, and who took part in all conditions. The participants were recruited internally, through the researcher’s academic institution, via verbal invitation, which promoted the purpose of the experiment; to identify individual speed of processing, (fast or slow), and to establish if the rate of mental processing impacted upon individual short-term memory and attentional capacity. 
Verbal invitation to students and members of staff from within the university to voluntarily participant within the present study. Current psychology lecturers were verbally asked for convenient access, to the first year to third year undergraduate psychology students, to take part within cognition trails that test individual mental processes, to support both the researcher and the student, within academic and professional progression, and furthermore, to contribute to the expansion of cognition research. 
Participants age ranged from (18-55) years old; 33 male & 83 females. Participants totalled 121 but 116 were analysed. Consisted of 26 staff and 90 students. Incomplete data set for 5 participants who were withdrawn. 

Procedure and Materials: 
Participants were conveniently invited for testing, within a controlled environment that was well-lit and ventilated. All conditions took place within a laboratory setting, the ‘psychology laboratory’, in the researcher’s university. Participants were required to read the consent form (see appendix A) and to fill in sheet with demographic details; name, status, age, gender and to sign the consent sheet (see appendix B). Tasks were conducted using university computers, ‘Viglen’, and the computerised psychological experimental generator, ‘Super-Lab, 4.5’, from ‘Cedrus’ software, to gather automatic and precise speed scores, using simple reaction time (RT) and choice response time (CRT) for cognitive tasks; speed of processing and attentional capacity. Participants to complete a series of practice trials (prior to start of test), and after to complete the test to calculate participant’s average mean score. All scores were measured in milliseconds (ms) (Reigler & Reigler, 2004). 

The memory task was recorded in writing by the participant and calculated by the researcher at the end of the trial (score out of 20) and added to the computerised recorded scores for each participant. 

The researcher to identify differences within participant scores in all tasks. 
Moreover, the participants (RT) and movement time may be affected by the ‘latency of the computer and monitor’, so an efficient computer, monitor, and wired mouse, were used within the trials (Fazio, 1990). 



Cognitive Tasks: 
To assess accurate measurements of participants cognitive processes; SOP on attention and memory. 
Processing speed task; based on ‘Mental Speed Test-Version 1’– Psychology Today, https://www.psychologytoday.com/gb/tests/iq/mental-speed-test-version-1, using ‘super-lab’ software (see appendix C1), to assess the time it takes an individual to complete a ‘mental speed task’, such as how quickly participants’ can process information (fast or slow) and to make decisions based upon the given information, using a timed response reaction test, through electronic presentation of stimuli, where participants are assessed on the time (ms) it takes to identify word and picture pairs, and to complete simple maths equations, and number sequences. The participant is required complete 36 trials by selecting the letter ‘Y’ for correct, and ‘N’ for incorrect, using the keyboard. 
For example, a matching pair – heart and heart, participant is required to press ‘Y’ for correct, whereas, a heart and a star, is not a matching pair, so the participant will press ‘N’ for incorrect. For mathematical equations, simply answer with correct or incorrect, again, using the keys, ‘Y’ and ‘N’. For mathematical sequences indicate whether number in red completes the sequence and again answer using the keys, ‘Y’ and ‘N’. 
If the participant sees the word ‘opposite’ at the top the screen for each scenario, then the participant is to reverse their answer from ‘correct to incorrect’, or ‘incorrect to correct’, again using keys, ‘Y’ and ‘N’.  
To measure speed of processing: fast = 0-149 (ms) and slow = 150+ (ms) (Brydges, Ozolnieks & Roberts 2015), however the current study amended the scoring to suit the task and corresponding scores in ms. Since the current scores on the SOP ranged from 1.88ms to 118ms. The researcher decided to create a new mid-point which resulted in the fast processors doing the task in 1-49 milliseconds and the slow processors 50 milliseconds and above.  
The attentional capacity task; based on Treisman & Gelade (1980), Visual search task, where an individual identifies one or more markers, among a display that has distractors present; for example, feature search, (Treisman, 1985), (as cited in Nobre & Kastner, 2014), an everyday universal task, which individuals typically complete without realising like searching for a friend in a big group (Eysenck & Keane, 2015). Current task using ‘super-lab’ software (See appendix C2), to electronically identify, the time taken to identify the correct information, and to establish whether any interference, causes the letter to decay when detecting a target in a complex fashion, such as serial processing; attending to one item at a time, in contrast, to parallel memory processing; attend and process all items, simultaneously.  Total of 20 trials were administered (10 easy and 10 hard) and task consists of analysing a group of letters, easy and hard, within timed conditions, requiring the participant to press the ‘Y’ key if they see the letter ‘B’ in blue ink, and the ‘N’ key if they do not see the letter B in blue ink.
The above trials are timed, so participants to answer as quickly and accurately, as they can.
The short–term memory task; based on Baddeley & Hitch (1974), recall task (see appendix C3), consists of electronically displaying, 10 easy words and 10 hard words (see appendix D), visually, one at a time, for a fraction of a second, which is then removed. A 3000 (ms) time difference is between each word that is displayed. Task is to identify if visual Short-term memory (VSTM) information (words) is retained over time, and if information is transferred to the working memory, or is simply lost, Schunk, (2012). Participants are tested on how many words they can recall. At the end of trial, subjects are expected to recall as many as the can remember on the paper provided and using a pen. No time limit to complete the trial.
All the trials randomised via the software ‘Super-lab’.  
Ethical approval was granted by the researcher’s university, to conduct the present study and written consent sought prior to the investigation. Participants were debriefed (See appendix E) according to the BPS guidelines of Ethical Code of Conduct (2014), and are given the right to withdraw from the experiment at any time. 
All scores and data are returned to participants upon request, via institutional student email address only, once the data is collated.















Chapter 3.
Results: (2x2 mixed-subjects design)
Attention:
This section of the results presents the findings on the attention task when measured across the participants processing speed (fast and slow) and cognitive load (easy and hard task). 
The mean scores presented are represented as time in milliseconds. The lower the score, the quicker the participants were at processing information within each task. 
A total of 20 trials were conducted and the mean score were found after participants completed 10 easy and 10 hard trials. 
Table one shows the results of fast and slow processors on the attention task. 
Table 1.
Means and Standard Deviation Scores for SOP (Fast and Slow) and Attention. 
	Condition 
	Mean
	SD

	Fast 
Slow 
	11233.43
20375.60
	11731.47
31179.32



Table 1 shows that the slow processors took more time (in milliseconds) to solve the attention tasks than the fast processors. 
[bookmark: _Hlk3969437]A two-way ANOVA was carried out and showed the following results: a non-significant main effect for SOP was found, F(1,114) = 6.017, p=.016. This shows that slow processors took longer on the attention task, in comparison to the fast processors.

Table two shows the interaction between SOP and cognitive load. 
Table 2.
Means and Standard Deviation Scores for SOP (fast and slow) X Cognitive load (easy and hard) interaction.
	Condition 
	Mean
	SD

	Fast
        Easy 
        Hard 
Slow
        Easy 
        Hard 
	
15367.37
7099.48

26371.46
14379.74
	
11431.28
5214.15

32240.62
25263.04



[bookmark: _Hlk3969745]Table 2 shows the SOP (fast and slow) and load (easy and hard). The highest score was the slow/easy condition (Mean–26371.46) and the poorest score was the fast/hard condition (Mean-7099.48). The SOP X load interaction were not statistically significant, F(1,114)= 1.794, p= .183. This shows that cognitive load made no difference to the SOP whether the tasks were easy or hard, in the attention task.







Memory: 
This section of the results presents the findings on the memory task when measured across the participants processing speed (fast and slow) and cognitive load (easy and hard task).
The mean scores presented represent the amount of words correctly recalled. The lower the score, the slower the participants were at processing information.  	
A total of 20 trials were displayed and the mean score was found after 10 easy and 10 hard trials were conducted.
Table one shows the results of fast and slow processors on the memory task. 
Table 1.
Means and Standard Deviation Scores for SOP and Memory. 
	Condition 
	Mean
	SD

	  Fast 
  Slow 
	3.78
3.23
	.515
.495



[bookmark: _Hlk3970452]Table 1 shows the fast processors recalled more words accurately than the slow processors.
A two-way ANOVA was carried out and showed the following results, a significant main effect for SOP was found, F(1,114)=797.365,p=.000. This shows that slow processors took longer on the memory task in comparison to the fast processors. 




Table two shows the interaction between SOP and cognitive load. 
Table 2. 
Means and Standard Deviation Scores for SOP and Memory interaction. 
	Condition 
	Mean
	SD

	 Fast 
          Easy 
          Hard 
Slow 
         Easy 
         Hard 
	
4.63
2.93

3.94
2.51
	
.707
.504

.485
.508



Table 2 shows the SOP (fast and slow) and load (easy and hard). The greatest score was the fast/easy condition (Mean = 4.63) and the poorest score was in the slow/hard condition (Mean =2.51). The SOP X load interaction was not statistically significant, F (1,114) =.599.p= .441. This shows that fast processors recalled more easy words compared to the slow processors who scored less well in the hard condition, in the memory tasks. Whereas, in the hard condition, the results show that the fast processors only scored slightly better than the slow processors, in the memory tasks. 






Chapter 4. 
Discussion: 
The current study investigated how SOP impacts on attention and WM. The main findings indicate, the lower the score, the quicker the participants were at processing stimuli within the attention task. Therefore, SOP did not significantly affect attention. The slow processors took longer on the attention tasks, in comparison to the faster processors, and that the increase in cognitive load made no significant difference to the individuals SOP, such as whether the tasks were easy or hard. However, in the SOP and memory condition, there was a significant difference, which showed the lower the score, the longer it took participants to process stimuli.  There was no statistical difference between the SOP and cognitive load interaction, and the fast processors recalled more words than the slow processors. In addition, the fast processors recalled more words in the easy condition, compared to slow processors, who scored less well in the hard condition. Yet, the fast processors in the hard condition, only scored slightly better than the slow processors.
Predictions proposed that fast processors would score better in both the memory and attention tasks, compared to the slow processors. Yet, the findings show that the fast processors, marginally recalled more words, than the slow processors, in both the easy and hard memory tasks. Therefore, supports the prediction. These results are in line with Baddeley et al., (1975), who found that fast processors were better at memorising information and were able to keep information active for a longer duration of time. Whereas, in the attention task, the findings did not support the prediction, which implied that faster processors would score better in the attention tasks. The results demonstrate no significant difference between the fast and slow processors, despite the cognitive load (easy and hard). Therefore, the results refute previous literature as Kail (1993), who found that SOP increases with greater demand. Moreover, during the attention task, within both the fast and the slow hard condition, the scores were majorly lower than the easy fast and slow condition, which demonstrates that no interference occurred. Additionally, despite individual differences, when detecting a target there were no difference to those who paid greater attention to detail, compared to those who held a low attention to detail. The attention findings support the proposal that attentional capacity depends on the task, as Huang & Pashler, (2005), noted that despite how hard visual search tasks are, they are not always a vital indicator of attentional capacity. On the other hand, the findings conflict with Eysenck & Keane (2015), who found that those who pay greater attention to detail, have a greater target detection, compared to those who have a low attention to detail. Despite this, the findings appear to demonstrate that there may have been an error when the researcher was constructing the attention tests, as it appears that the mean scores for the hard tasks were programmed as the easy tasks, and vice versa. Which demonstrates that when fast processors are completing tasks, the increase in task demand can lessen performance (Huang & Pashler, 2005). Furthermore, if the tasks were switched and the scores were reversed, it would support the attention findings of Eysenck & Keane, (2015), as stated above.
Secondly, the prediction implied that a slow processor would do better on the hard memory and attention tasks, compared to fast processors, yet, findings show that in both the hard memory and attention tasks, the slow processors scored less well, than the fast processors. However, the variation shown between the fast and slow processors when the tasks were hard, were less significant. Thus, implying that SOP may directly impact on memory. Similarly, noted by Kail & Salthouse (1994), which were due to the sensitivity to articulatory rehearsal. The associated link among speed to memory, overall, demonstrates, that the faster the rehearsal of words, then then the greater the recall. 

Implications:
The results of both attention and memory tasks indicate that SOP does appear to influence aspects of cognition, such as memory and attention. Cepeda et al., (2013), who states that these differences within the SOP appear to matter and may reflect the variation within individual capabilities. For individuals with slow processing this would hinder their ability to learn and acquire new skills, or to gain knowledge. Nonetheless, it does not mean that individuals cannot learn. Yet, may mean that slow processors need to overlearn information, as they require a longer time to process and to execute tasks. Moreover, if slow processors are given the time to perform, and the opportunity to rehearse, repeat and consolidate their learning, then intellectual capabilities can be developed and enhanced. Similarly, SOP can be improved through mental exercises. Therefore, skills can be practised and become an ‘unavoidable automatic process’ (Eysenck & Keane, 2015), which places no demands on the attentional resource, and which is consistent with Schneider and Shiffrin (1977) that usually, practice within tasks, equals a more accurate and quicker performance. However, due to the inflexibility, this may disrupt individual performance. Furthermore, it is important to consider the precise nature of the mental processes that are loaded in a given task (Lavie, 2010), such as how the cognitive processes may overlap, the possible overload on cognition (Lavie, 2005), and to consider individual differences, among cognitive control capacities (Engle, 2002). For example, Schmitx, Rotter & Wilhelm (2018) note that it depends on the complexity of the task as well as the way that the tasks are scored.
The current findings are directly affected, using simple cognitive RT tasks, to assess the impact of SOP on attentional capacity and WM. For instance, the differentiation between the easy and hard tasks, was nominal, and perhaps the tasks were too simple, which may not have justified the variance between the variation of easy and hard (Scasserra, 2008) and which may not have differed much in comparison to one another. Moreover, the variation of easy and hard can be defined as a cognitive bias. For example, individual ability and probability of completing a task may have been overestimated due to the varying of individual cognitive load (Scasserra, 2008). In addition, Cepeda et al (2013), supports the notion that simple processing speed tasks may not eliminate SOP variance, as the load is less heavy on executive control, and accountable for the ability to perform, using mental processes and cognitive abilities, like paying and staying attention, as well as the storage of information within the WM. However, due to the current cognitive task simplicity, the participants were only processing information shallowly, (‘system 1’), so the results could not demonstrate the appropriate impact of slow processing on memory (Craik & Tulving, 1975). For instance, the participants did not have to semantically process the information. Furthermore, Morris et al., (1997), stated memory depends on the requirements of the memory test. For example, cognitive load is in demand on the memory and therefore, distraction is greater in conditions of high cognitive load, compared to low cognitive load (Lavie, 2010). Additionally, Foster and Lavie (2007) imply that individuals can remain distracted on low load tasks throughout adulthood. Despite this, implications suggest that cognitive load can be predicted, such as how much capacity is readily available. Consequently, within teaching and learning, those who have too high a cognitive load will therefore, struggle to follow the task, whereas, those who have a relatively low load, may end up in insufficiently engaging within the task. 
Limitations: 
A major flaw to the current study is that the researcher did not measure whether the participants answered the questions correctly within the SOP task, and instead, only measured their RT response, (yes and no in milliseconds), which suggests that participants may have been categorised incorrectly within the fast and slow condition, which overall, does not investigate the precise impact on ‘system 1 and system 2’, when completing the cognitive tasks. For example, the scoring is unreliable, and the participants could have guessed their answers and not fully attended to the task. In consequence, this suggests that the participants, did not process the stimuli or respond appropriately to eb assessed for a RT task. Furthermore, the individuals similarly were timed for the attention task, yet were not assessed on their accuracy within the scores. Again, this is an unreliable measurement of the participants perceptual and cognitive load, and highlights that those with a low cognitive load will resist distraction compared to those with a high cognitive load (Lavie, 2010). 
Furthermore, the tasks may not have been the most appropriate tasks to use and more accurate and reliable assessments of cognitive abilities, such as the Wechsler Adult Intelligence Scale (WAIS), described as a leading intelligence quotient (IQ) test (Weiss et al., 2010), that measures individual intelligence, would have proved more reliable as IQ depends on information processing efficiency (Leahey & Harris, 2001), and measures many subsets of intellect, and could have measured SOP, WM and attention, altogether. However, due to having to pay for the test, and the researcher not being qualified to conduct the test, it was not possible to conduct, and therefore, the other tasks were designed instead. Despite this, the WAIS consists of limitations, like subsets being removed or improved, which lowers the emphasis on how quickly participants may perform. Furthermore, IQ tests have been identified as insufficient measurements of multiple intelligences, and do not measure creative and emotional intelligence, only logistical intelligence, which not everyone is good at. For example, due to individual differences, within talents and abilities, many intelligence tests do not generalise to the full range of cognitive capacity (Richardson, 2002). 
The attention results were in line with Huang & Pashler, (2005) research, who found that ‘efficiency and attentional capacity’ can be disconnected from one another. It seems that the attentional capacity is not affected by the search efficiency, but instead, determined by the ‘nature of the task’. Also are in line with Lavie, (2010), who noted, the way that one may focus attention when confronted by irrelevant distractors, crucially depends on the type of cognitive load in the task, and the differentiation of easy and hard. For instance, in the current study the hard task was too simple and consequently were not a great deal of high perceptual load, which did not impact on individual attentional capacity. Usually individuals may ‘look but not see’, within high perceptual load tasks (Lavie, 2010). The impact of high perceptual load is a consequence of limited processing, as no processing capacity remains available. As predicted within the cognitive load theory, within a lower perceptual task, there should be more capacity to attend to irrelevant distractors. Whereas, in the current study, the increase within the cognitive load made no difference within the attention task. Furthermore, limitations of the visual search task, suggests that it does not solely rely on target composition, reinforced by Treisman & Gelade, (1980). Two factors were highlighted by Duncan & Humphreys, (1989-1992), that visual search is quicker, when distractors are alike, and may be simpler to recognise distractors. Secondly, where targets and distractors are similar, the number of distractors have a greater impact on the time taken to identify ‘single feature targets’ (Duncan & Humphreys, 1989). Therefore, if the target contains more than one ‘feature’, visual search is restricted to those distractors, comprising of at least one of the target features, such as when scanning for the feature, on a screen, among other similar distractors. 
Furthermore, as tests of recall are exclusively reliant on recollection. An individual cannot recall what they did not recollect. For example, visual short-term memory (VSTM) is vital within daily life, as it enables individuals to process information that is in front of you. So, for slow processors the cognitive load proved to be greater on their WM and explains why they recalled less words than the fast processors, which supports the idea that SOP decreases the efficiency of the WM as the slow processors are restricted to the amount of information that they could simultaneously keep active. Moreover, in terms of familiarity of the task, it was evident that participants (as well as the researcher), had previously been exposed to a similar memory task, and consequently resulted in some of the participants recalling words that were not present in the current memory task, but were present on the previous task, which highlights that during recall tasks, short term memory, through rehearsal, can store words into the LTM (Rose, Buchsbaum & Craik, 2014). Furthermore, they also added in some words that were not present in either task. This may have been due to the participant not remembering many words and felt embarrassed and that they needed to recall more words than they did. 
Consequently, the nature of the study produced many limitations. Firstly, the sample size was too small, which lowered the statistical power, such as the ability to identify an effect, which would have been more identifiable, within a larger cohort of participants. 
Secondly, the testing procedure provided some technical issues, which interfered with the analysis of data, as the software ‘super-lab’, malfunctioned at times, such as continually loading, or closing unexpectedly, which informed participants that they had completed the task, yet, did not record the participant’s data scores, which meant that they had to be withdrawn from the study. Furthermore, the latency of the computer such as the screen and keyboard, which would have impacted on the participant’s RT scores, as it may have added time on (Fazio 1990).  
Additionally, improvements within the recruitment process could have been made, such as to have been more structured and stricter with testing times and ensuring time management was used resourcefully. The time scale to test participants was limited, so more time would have given more participants, and could have gained a more accurate and reliable sample. Moreover, the participants may have been more easily accessible if the researcher advertised the study well in advance, via the university’s media page, ‘Facebook’, or even through the ‘student’s union’ on campus, where student members have full time access. Overall, for both staff and students, leaflets, direct emails, and posters, around the campus could have advertised the current study. 
In terms of the cognitive tasks, the order that they were delivered, and the time of day at which participants were tested may have impacted upon the results. As the variation within the questions, demanded varying cognitive resources. The participants may have been cognitively or psychically exhausted, due to demands in life, sleep loss, study commitments, or as they attended lectures prior to taking the test. The participants were required to walk to and up four flights of stairs to take the test, which potentially may have improved their cognitive functioning, such as WM, due the small level of physical exercise beforehand, which impacts on brain plasticity (Mandolesi et al., 2018). However, some participants did use the lift and so this does not apply to all. Also, the participants may have been hungry, which again impacts on cognitive performance, as the brain’s neurons need fuel to fire (Austin, 2016).  
In addition, the tasks were designed on slides that consisted of a white background and black font in each task, which were not very eye appealing. In future to ensure participants do not experience additional interference or visual difficulty. The background colours may have impacted on cognitive performance (Caschera, 2015). Also, capital letters were used within some of the instructions which would have been difficult for a dyslexic individual to read. Moreover, instructions could have been more precise, which would have prevented some of the participants from asking questions during the test. Especially, when the recall task had finished, participants asked they should write on the paper at the end, which meant that words may have decayed from their memory. To solve this, the instructions should have stated at the beginning and in the end instructions. Additionally, despite using testing signs, participants may have been distracted by individuals entering the room, or the external noises within the corridors and outside. The interference may have increased inattention, which is an internal form of distraction, meaning full attention was not paid to the task (Lavie, 2010). 
Furthermore, prior to the experiment, the researcher did not know whether the participants had individual disabilities throughout the trials, which may have impacted on individual cognitive processes, like SOP capacity and cognitive load, in all of the tasks, which could have been due to; Attention Deficit Hyperactivity Disorder (ADHD), Dyslexic, Dyscalculia and Dyspraxia, or psychopathology. Furthermore, for those with test anxiety, according to the load theory (Lavie 2005), were vulnerable to distraction. Consequently, vital to know your students and to understand their needs within learning and education, as if a student who has learning difficulties is struggling, within reading, comprehending or writing, they are likely to experience SOP difficulty, and subsequently, perform less well. 
Given the impact of SOP on cognition constructs; memory and attention, and the many limitations presented within the current study, it is important to continue research within this area, to improve, understand and add to the existing knowledge of cognitive processes and mental abilities. Future research should focus on task development and implement methods to analyse the interaction between all three processes; SOP, memory and attention, unlike the current study, which has investigated how SOP impacts on each construct, individually. More importantly, to examine the accuracy of SOP scores within the RT tasks and the current study just measured the RT. Moreover, to investigate, why individuals can have both, fast and slow processing, which could not be measured, due to ethical considerations and restricted resources. It is vital that schools and learning institutions identify fast and slow processors, in order to differentiate teaching and learning and to promote effective everyday functioning. The research proposes that teachers need to change the way students are assessed, to meet learning needs, to minimise workload, and to maximise individual performance. Teachers need to promote consolidation of information, regularly recap and reinforce skills and knowledge, to support individuals with slow SOP and for fast processors, to implement strategies, to reduce students SOP. 
Due to the mixed findings when examining SOP on attentional control. There is need to explore this further, and to provide a clearer differentiation among cognitive load, and how it impacts on daily life. Future research should examine how performance can be supported through interventions, to improve the focus of one’s attention and individual ability to block out distractions. Subsequently, enhancing the capacity of both attention and WM, especially tasks in the context of the real world.  The problems that have been identified, more than likely fit a variety of SOP tests. Yet, more importantly, there is a need for future intervention, to rehabilitate plasticity and to increase and decrease SOP through brain training techniques.
Evidence shows that all cognitive processes inter-link and each have their own specialised type of processing. Today neuroscience can precisely identify the cognitive processes that have been assessed in the current study and can identify similarities and comparisons, using simple versus complex tasks, and the variations within brain activity and neural speed. The nervous system has demonstrated that networks interconnect instead of being ‘localised’. Therefore, processes like SOP are specific to certain areas, instead of a ‘mechanism of the system as a whole’ (McFarland, 2017). Moreover, the constructs attention and memory are identified as not being localised within one brain region. In fact, memory is a mechanism of mainly all the ‘CNS of vertebrates’, which compromises all parts of information processing (Chaudhuri & Fiete, 2016) and proves to be a vital to learning and performance. Neuroscience and cognitive psychology compete when analysing human mental capabilities. Yet, may need to work together and strive for consistency, as many concepts overlap, and the constructs are still not fully understood, and may eliminate the existence of vague theoretical assumptions (McFarland, 2017).
The main findings show that within the attention tasks, the slow processors took longer in comparison to the fast processors. The increase in cognitive load, made no significant difference to individual SOP. However, the SOP and memory condition, identified a significant difference, which demonstrated, the lower the score, the longer it took to process stimuli. However, no statistical difference was established between the SOP and cognitive load interaction within the memory tasks. Consequently, the fast processors recalled more words, than the slow processors. Moreover, the fast processors recalled more easy words, compared to the slow processors, who scored less well in the hard condition, due to a greater load. Whereas, in the hard condition the results show that the fast processors only scored slightly better than the slow processors. 
To summarise, SOP is vital to learning and performance, and developing skills. As well as, the importance of individual capacity for information processing and cognitive load efficiency, and how this may impact on attention and memory within daily functioning. The findings are an implication for teaching and learning, in training and educational institutions, which warrants a need to identify fast and slow processors, to differentiate teaching, in order to improve academic performance, and to promote individual learning. As well as, within clinical psychology to rehabilitate neuroplasticity, to monitor cognitive development and enhance executive functioning skills, which is vital to successful learning and performance, when executing simple daily tasks (Owsley et al 2002). 
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Study Consent Form

I understand that a year 3 Psychology student is conducting this research for their dissertation, and that by taking part within the study, will involve completing cognitive tasks, through the institution’s computerised software ‘Super- lab’, and that my participation is completely voluntary. 
I consent to participate within this current study that investigates human cognitive processes. I understand that my data will be anonymised, and I will be numbered, instead of named, and that all data is destroyed once collated, to maintain participant confidentiality. The Data Protection Act, (2018) will be followed in accordance to handling and storing any data. I have the right to withdraw from the experiment at any time and that I can request any personal data. 
After the study I will be debrief and have the chance to discuss any issues with the researcher. 
I agree to take part in the current study conducted by NICOLE MOON, School of Psychology, University of Wales, Trinity Saint David, Carmarthen, under the supervision of DR Charlotte Greenway, 
Please sign the separate consent form provided by the researcher. 
Thank-you for your participation.
Researcher taking consent, 
Name: ………………………………        ……………………………………     
Signature …………………………………………………
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Appendices C– Cognitive Tasks – ‘Super-lab’ experiments 
C1. Task 1. Speed of processing task - Based on - Mental Speed test-version1 , Psychology Today - https://www.psychologytoday.com/gb/tests/iq/mental-speed-test-version-1. 
Super-lab software – layout. 
[image: ]


C2. Task 2 – Attention Task – based on Treisman & Gelade  (1980) Visual Search task 
Super-lab – software – layout. 
[image: ]

C.3. Task 3 – Memory Task – based on Baddeley & Hitch, (1974) Recall task 
Super-lab – layout 
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Appendices D - List of words: memory task 
	EASY:                                      
Swamp
Clock
Kettle 
Iron
Magic
Desk 
Bottle
Tower 
Cube
Scale

	HARD:
Conceptualisation
Association
Determination 
Identification
Fragmentation 
Reconstruction
Systematically 
Diametrically 
Perseverance 
Hydromatic
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Study Debrief Sheet
Cognitive Processes

Thank you for taking part in the study.  

The aim of this study was to explore cognitive processes. We specifically wanted to investigate human mental speed of processing, and the impact that the speed of processing, has on individual memory and attention. The mental speed task measures processing speed, the time taken to identify and process a stimulus. The attention task measures, interference and decay when detecting a target, such as analysing groups of letters, and the memory task measures memory recall, to establish whether the information is retained or transferred to the working memory. 
If you wish to withdraw your data from the study, you must tell the researcher now.  After this point, all of your data will remain confidential/anonymous and we will not trace it back to you.

If taking part in this study has raised any questions, please speak to the researcher [Nicole Moon on 1602489@student.uwtsd.ac.uk] or contact the academic supervisor [Charlotte Greenway on c.greenway@uwtsd.ac.uk].

Thank you once again for taking time to participate within this study.

Nicole Moon 
BSc Honours Applied Psychology 
University of Wales Trinity Saint David, Carmarthen. 


Appendices F – SPSS – Raw Data – 
F1. SOP and Attention – 

	Within-Subjects Factors

	Measure:   MEASURE_1  

	load
	Dependent Variable

	1
	easy

	2
	hard



	Between-Subjects Factors

	
	Value Label
	N

	SOP
	1.00
	FAST
	58

	
	2.00
	SLOW
	58




	Descriptive Statistics

	
	SOP
	Mean
	Std. Deviation
	N

	easy
	FAST
	15367.3793
	11431.28906
	58

	
	SLOW
	26371.4655
	32240.62742
	58

	
	Total
	20869.4224
	24708.58956
	116

	hard
	FAST
	7099.4828
	5214.15922
	58

	
	SLOW
	14379.7414
	25263.04869
	58

	
	Total
	10739.6121
	18525.04314
	116




	Box's Test of Equality of Covariance Matricesa

	Box's M
	140.265

	F
	45.866

	df1
	3

	df2
	2339280.000

	Sig.
	.000



	Tests the null hypothesis that the observed covariance matrices of the dependent variables are equal across groups.a

	a. Design: Intercept + SOP 
 Within Subjects Design: load




	Multivariate Testsa

	Effect
	Value
	F
	Hypothesis df
	Error df
	Sig.

	load
	Pillai's Trace
	.318
	53.093b
	1.000
	114.000
	.000

	
	Wilks' Lambda
	.682
	53.093b
	1.000
	114.000
	.000

	
	Hotelling's Trace
	.466
	53.093b
	1.000
	114.000
	.000

	
	Roy's Largest Root
	.466
	53.093b
	1.000
	114.000
	.000

	load * SOP
	Pillai's Trace
	.015
	1.794b
	1.000
	114.000
	.183

	
	Wilks' Lambda
	.985
	1.794b
	1.000
	114.000
	.183

	
	Hotelling's Trace
	.016
	1.794b
	1.000
	114.000
	.183

	
	Roy's Largest Root
	.016
	1.794b
	1.000
	114.000
	.183



	Multivariate Testsa

	Effect
	Partial Eta Squared

	load
	Pillai's Trace
	.318

	
	Wilks' Lambda
	.318

	
	Hotelling's Trace
	.318

	
	Roy's Largest Root
	.318

	load * SOP
	Pillai's Trace
	.015

	
	Wilks' Lambda
	.015

	
	Hotelling's Trace
	.015

	
	Roy's Largest Root
	.015



	a. Design: Intercept + SOP 
 Within Subjects Design: load

	b. Exact statistic



	Mauchly's Test of Sphericitya

	Measure:   MEASURE_1  

	Within Subjects Effect
	Mauchly's W
	Approx. Chi-Square
	df
	Sig.
	Epsilonb

	
	
	
	
	
	Greenhouse-Geisser

	load
	1.000
	.000
	0
	.
	1.000



	Mauchly's Test of Sphericitya

	Measure:   MEASURE_1  

	Within Subjects Effect
	Epsilon

	
	Huynh-Feldt
	Lower-bound

	load
	1.000
	1.000



	Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an identity matrix.a

	a. Design: Intercept + SOP 
 Within Subjects Design: load

	b. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of Within-Subjects Effects table.



	Tests of Within-Subjects Effects

	Measure:   MEASURE_1  

	Source
	Type III Sum of Squares
	df
	Mean Square
	F

	load
	Sphericity Assumed
	5951557342.000
	1
	5951557342.000
	53.093

	
	Greenhouse-Geisser
	5951557342.000
	1.000
	5951557342.000
	53.093

	
	Huynh-Feldt
	5951557342.000
	1.000
	5951557342.000
	53.093

	
	Lower-bound
	5951557342.000
	1.000
	5951557342.000
	53.093

	load * SOP
	Sphericity Assumed
	201069932.400
	1
	201069932.400
	1.794

	
	Greenhouse-Geisser
	201069932.400
	1.000
	201069932.400
	1.794

	
	Huynh-Feldt
	201069932.400
	1.000
	201069932.400
	1.794

	
	Lower-bound
	201069932.400
	1.000
	201069932.400
	1.794

	Error(load)
	Sphericity Assumed
	12779101640.000
	114
	112097382.800
	

	
	Greenhouse-Geisser
	12779101640.000
	114.000
	112097382.800
	

	
	Huynh-Feldt
	12779101640.000
	114.000
	112097382.800
	

	
	Lower-bound
	12779101640.000
	114.000
	112097382.800
	








	Tests of Within-Subjects Effects

	Measure:   MEASURE_1  

	Source
	Sig.
	Partial Eta Squared

	load
	Sphericity Assumed
	.000
	.318

	
	Greenhouse-Geisser
	.000
	.318

	
	Huynh-Feldt
	.000
	.318

	
	Lower-bound
	.000
	.318

	load * SOP
	Sphericity Assumed
	.183
	.015

	
	Greenhouse-Geisser
	.183
	.015

	
	Huynh-Feldt
	.183
	.015

	
	Lower-bound
	.183
	.015

	Error(load)
	Sphericity Assumed
	
	

	
	Greenhouse-Geisser
	
	

	
	Huynh-Feldt
	
	

	
	Lower-bound
	
	



	Tests of Within-Subjects Contrasts

	Measure:   MEASURE_1  

	Source
	load
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	load
	Linear
	5951557342.000
	1
	5951557342.000
	53.093
	.000

	load * SOP
	Linear
	201069932.400
	1
	201069932.400
	1.794
	.183

	Error(load)
	Linear
	12779101640.000
	114
	112097382.800
	
	






	Tests of Within-Subjects Contrasts

	Measure:   MEASURE_1  

	Source
	load
	Partial Eta Squared

	load
	Linear
	.318

	load * SOP
	Linear
	.015

	Error(load)
	Linear
	



	Levene's Test of Equality of Error Variancesa

	
	F
	df1
	df2
	Sig.

	easy
	4.570
	1
	114
	.035

	hard
	6.535
	1
	114
	.012



	Tests the null hypothesis that the error variance of the dependent variable is equal across groups.a

	a. Design: Intercept + SOP 
 Within Subjects Design: load




	Tests of Between-Subjects Effects

	Measure:   MEASURE_1  

	Transformed Variable:   Average  

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared

	Intercept
	57949601530.000
	1
	57949601530.000
	71.927
	.000
	.387

	SOP
	4847600354.000
	1
	4847600354.000
	6.017
	.016
	.050

	Error
	91846764520.000
	114
	805673373.000
	
	
	



Estimated Marginal Means
	1. Grand Mean

	Measure:   MEASURE_1  

	Mean
	Std. Error
	95% Confidence Interval

	
	
	Lower Bound
	Upper Bound

	15804.517
	1863.526
	12112.886
	19496.148



2. SOP
	Estimates

	Measure:   MEASURE_1  

	SOP
	Mean
	Std. Error
	95% Confidence Interval

	
	
	
	Lower Bound
	Upper Bound

	FAST
	11233.431
	2635.424
	6012.676
	16454.186

	SLOW
	20375.603
	2635.424
	15154.849
	25596.358





	Pairwise Comparisons

	Measure:   MEASURE_1  

	(I) SOP
	(J) SOP
	Mean Difference (I-J)
	Std. Error
	Sig.b
	95% Confidence Interval for Differenceb

	
	
	
	
	
	Lower Bound
	Upper Bound

	FAST
	SLOW
	-9142.172*
	3727.052
	.016
	-16525.435
	-1758.910

	SLOW
	FAST
	9142.172*
	3727.052
	.016
	1758.910
	16525.435



	Based on estimated marginal means

	*. The mean difference is significant at the .05 level.

	b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).



	Univariate Tests

	Measure:   MEASURE_1  

	
	Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared

	Contrast
	2423800177.000
	1
	2423800177.000
	6.017
	.016
	.050

	Error
	45923382260.000
	114
	402836686.500
	
	
	



	The F tests the effect of SOP. This test is based on the linearly independent pairwise comparisons among the estimated marginal means.



3. load
	Estimates

	Measure:   MEASURE_1  

	load
	Mean
	Std. Error
	95% Confidence Interval

	
	
	
	Lower Bound
	Upper Bound

	1
	20869.422
	2245.813
	16420.485
	25318.360

	2
	10739.612
	1693.559
	7384.684
	14094.540



	Pairwise Comparisons

	Measure:   MEASURE_1  

	(I) load
	(J) load
	Mean Difference (I-J)
	Std. Error
	Sig.b
	95% Confidence Interval for Differenceb

	
	
	
	
	
	Lower Bound
	Upper Bound

	1
	2
	10129.810*
	1390.221
	.000
	7375.794
	12883.827

	2
	1
	-10129.810*
	1390.221
	.000
	-12883.827
	-7375.794



	Based on estimated marginal means

	*. The mean difference is significant at the .05 level.

	b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).



	
Multivariate Tests

	
	Value
	F
	Hypothesis df
	Error df
	Sig.
	Partial Eta Squared

	Pillai's trace
	.318
	53.093a
	1.000
	114.000
	.000
	.318

	Wilks' lambda
	.682
	53.093a
	1.000
	114.000
	.000
	.318

	Hotelling's trace
	.466
	53.093a
	1.000
	114.000
	.000
	.318

	Roy's largest root
	.466
	53.093a
	1.000
	114.000
	.000
	.318



	Each F tests the multivariate effect of load. These tests are based on the linearly independent pairwise comparisons among the estimated marginal means.

	a. Exact statistic



	4. SOP * load

	Measure:   MEASURE_1  

	SOP
	load
	Mean
	Std. Error
	95% Confidence Interval

	
	
	
	
	Lower Bound
	Upper Bound

	FAST
	1
	15367.379
	3176.059
	9075.632
	21659.127

	
	2
	7099.483
	2395.054
	2354.899
	11844.067

	SLOW
	1
	26371.466
	3176.059
	20079.718
	32663.213

	
	2
	14379.741
	2395.054
	9635.157
	19124.326
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F2. SPSS – Raw Data – SOP and Memory 

	Within-Subjects Factors

	Measure:   MEASURE_1  

	load
	Dependent Variable

	1
	easy

	2
	hard




	Between-Subjects Factors

	
	Value Label
	N

	SOP
	1.00
	FAST
	58

	
	2.00
	SLOW
	58




	
Descriptive Statistics

	
	SOP
	Mean
	Std. Deviation
	N

	easy
	FAST
	4.6379
	1.67225
	58

	
	SLOW
	3.9483
	1.56073
	58

	
	Total
	4.2931
	1.64722
	116

	hard
	FAST
	2.9310
	1.52018
	58

	
	SLOW
	2.5172
	1.81844
	58

	
	Total
	2.7241
	1.68154
	116



	Box's Test of Equality of Covariance Matricesa

	Box's M
	3.084

	F
	1.008

	df1
	3

	df2
	2339280.000

	Sig.
	.388



	Tests the null hypothesis that the observed covariance matrices of the dependent variables are equal across groups.a

	a. Design: Intercept + SOP 
 Within Subjects Design: load






	Multivariate Testsa

	Effect
	Value
	F
	Hypothesis df
	Error df
	Sig.

	load
	Pillai's Trace
	.405
	77.462b
	1.000
	114.000
	.000

	
	Wilks' Lambda
	.595
	77.462b
	1.000
	114.000
	.000

	
	Hotelling's Trace
	.679
	77.462b
	1.000
	114.000
	.000

	
	Roy's Largest Root
	.679
	77.462b
	1.000
	114.000
	.000

	load * SOP
	Pillai's Trace
	.005
	.599b
	1.000
	114.000
	.441

	
	Wilks' Lambda
	.995
	.599b
	1.000
	114.000
	.441

	
	Hotelling's Trace
	.005
	.599b
	1.000
	114.000
	.441

	
	Roy's Largest Root
	.005
	.599b
	1.000
	114.000
	.441



	Multivariate Testsa

	Effect
	Partial Eta Squared

	load
	Pillai's Trace
	.405

	
	Wilks' Lambda
	.405

	
	Hotelling's Trace
	.405

	
	Roy's Largest Root
	.405

	load * SOP
	Pillai's Trace
	.005

	
	Wilks' Lambda
	.005

	
	Hotelling's Trace
	.005

	
	Roy's Largest Root
	.005



	a. Design: Intercept + SOP 
 Within Subjects Design: load

	b. Exact statistic





	Mauchly's Test of Sphericitya

	Measure:   MEASURE_1  

	Within Subjects Effect
	Mauchly's W
	Approx. Chi-Square
	df
	Sig.
	Epsilonb

	
	
	
	
	
	Greenhouse-Geisser

	load
	1.000
	.000
	0
	.
	1.000



	Mauchly's Test of Sphericitya

	Measure:   MEASURE_1  

	Within Subjects Effect
	Epsilon

	
	Huynh-Feldt
	Lower-bound

	load
	1.000
	1.000



	Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an identity matrix.a

	a. Design: Intercept + SOP 
 Within Subjects Design: load

	b. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of Within-Subjects Effects table.



	Tests of Within-Subjects Effects

	Measure:   MEASURE_1  

	Source
	Type III Sum of Squares
	df
	Mean Square
	F

	load
	Sphericity Assumed
	142.776
	1
	142.776
	77.462

	
	Greenhouse-Geisser
	142.776
	1.000
	142.776
	77.462

	
	Huynh-Feldt
	142.776
	1.000
	142.776
	77.462

	
	Lower-bound
	142.776
	1.000
	142.776
	77.462

	load * SOP
	Sphericity Assumed
	1.103
	1
	1.103
	.599

	
	Greenhouse-Geisser
	1.103
	1.000
	1.103
	.599

	
	Huynh-Feldt
	1.103
	1.000
	1.103
	.599

	
	Lower-bound
	1.103
	1.000
	1.103
	.599

	Error(load)
	Sphericity Assumed
	210.121
	114
	1.843
	

	
	Greenhouse-Geisser
	210.121
	114.000
	1.843
	

	
	Huynh-Feldt
	210.121
	114.000
	1.843
	

	
	Lower-bound
	210.121
	114.000
	1.843
	





	Tests of Within-Subjects Effects

	Measure:   MEASURE_1  

	Source
	Sig.
	Partial Eta Squared

	load
	Sphericity Assumed
	.000
	.405

	
	Greenhouse-Geisser
	.000
	.405

	
	Huynh-Feldt
	.000
	.405

	
	Lower-bound
	.000
	.405

	load * SOP
	Sphericity Assumed
	.441
	.005

	
	Greenhouse-Geisser
	.441
	.005

	
	Huynh-Feldt
	.441
	.005

	
	Lower-bound
	.441
	.005

	Error(load)
	Sphericity Assumed
	
	

	
	Greenhouse-Geisser
	
	

	
	Huynh-Feldt
	
	

	
	Lower-bound
	
	







	Tests of Within-Subjects Contrasts

	Measure:   MEASURE_1  

	Source
	load
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	load
	Linear
	142.776
	1
	142.776
	77.462
	.000

	load * SOP
	Linear
	1.103
	1
	1.103
	.599
	.441

	Error(load)
	Linear
	210.121
	114
	1.843
	
	



	Tests of Within-Subjects Contrasts

	Measure:   MEASURE_1  

	Source
	load
	Partial Eta Squared

	load
	Linear
	.405

	load * SOP
	Linear
	.005

	Error(load)
	Linear
	




	Levene's Test of Equality of Error Variancesa

	
	F
	df1
	df2
	Sig.

	easy
	1.079
	1
	114
	.301

	hard
	1.327
	1
	114
	.252



	Tests the null hypothesis that the error variance of the dependent variable is equal across groups.a

	a. Design: Intercept + SOP 
 Within Subjects Design: load



	Tests of Between-Subjects Effects

	Measure:   MEASURE_1  

	Transformed Variable:   Average  

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared

	Intercept
	2856.017
	1
	2856.017
	797.365
	.000
	.875

	SOP
	17.655
	1
	17.655
	4.929
	.028
	.041

	Error
	408.328
	114
	3.582
	
	
	


Estimated Marginal Means
	1. Grand Mean

	Measure:   MEASURE_1  

	Mean
	Std. Error
	95% Confidence Interval

	
	
	Lower Bound
	Upper Bound

	3.509
	.124
	3.262
	3.755



	2. SOP

	Measure:   MEASURE_1  

	SOP
	Mean
	Std. Error
	95% Confidence Interval

	
	
	
	Lower Bound
	Upper Bound

	FAST
	3.784
	.176
	3.436
	4.133

	SLOW
	3.233
	.176
	2.885
	3.581



	3. load

	Measure:   MEASURE_1  

	load
	Mean
	Std. Error
	95% Confidence Interval

	
	
	
	Lower Bound
	Upper Bound

	1
	4.293
	.150
	3.996
	4.591

	2
	2.724
	.156
	2.416
	3.032



	4. SOP * load

	Measure:   MEASURE_1  

	SOP
	load
	Mean
	Std. Error
	95% Confidence Interval

	
	
	
	
	Lower Bound
	Upper Bound

	FAST
	1
	4.638
	.212
	4.217
	5.059

	
	2
	2.931
	.220
	2.495
	3.367

	SLOW
	1
	3.948
	.212
	3.528
	4.369

	
	2
	2.517
	.220
	2.081
	2.953
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