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OVERVIEW AND CONNECTION TO MEDICINE, HEALTH, AND SOCIETY
Disparities in education are a well-known and a highly debated topic in academia due to the complexities and range of the matter. Many educational facilities have begun to research and allocate resources to determine how best to address the effects of these inherent difference. With mental disposition effecting one’s educational capabilities, exploiting and manipulating this connection is crucial. 
The Medicine, Health, and Society department provide multiple courses with opportunities to learn about these educational disparities. One course that illustrates these principles is Social Dimensions of Health and Illness (MHS 1930). This course requires the students to first learn criterion of communities that influence educational attainment levels, public health, and qualities of their lifestyles, and then apply these measures to their own communities that they have grown up in. When considering the factors that contribute to these discrepancies, this course highlights not only preventative measures that can take place to ameliorate their effects, but also interventions that aim to level the playing field for different groups within a community. 
Another course that highlights the influence of a community on an individual’s educational experience is Politics of Health (MHS 1920). This course requires students to understand the structural barriers within the political system that oppose a student’s ability to achieve the same educational endeavors of students within anther community. This course also discusses the repercussions of these legal structures on the long-term wellbeing and success of these individuals that were failed by the political system. 
This thesis will integrate the key principles from these courses to propose possible interventions that target the effects of these discrepancies of educational attainment within a community. Understanding the wide array of mental factors that can influence a student’s ability to learn in a classroom can help mitigate the disparities that many students face during their education. 
ABSTRACT 
	Due to the interconnectedness between applications of working memory and academic performance, maximizing working memory performance in students would be beneficial for their academic success. This literature review aims to compare the effects of mental distractions, specifically acute and chronic stressors, on different forms of working memory. These forms of working memory include visual, auditory, and spatial working memory. Meanwhile, spatial working memory seemed to be unaffected by acute stress, regardless of severity of the stressor.  On the other hand, the studies examined did not find a correlation between pre-existing levels of chronic stress and visual and auditory working memory. However, in mice, inducing chronic stress biologically did lead to impediments on spatial working memory tasks. Clinical conditions that result from chronic stress, such as anxiety, depression, and PTSD, all produce a detriment to working memory. Interventions within academic institutions, such as working memory training and mindfulness techniques, can counteract the effects of anxiety and depression on working memory performance, while also alleviating associated clinical symptoms of these conditions. Based on the studies examined within this review, it appears that stressors may yield benefits for one’s working memory up to a certain threshold of attentional resources. However, once a stressor overcomes the attentional resources that would benefit a working memory task, it becomes maladaptive to working memory tasks.  

INTRODUCTION
	Academic performance dominates over 10 years of an individual’s everyday life in the United States. Following one’s graduation from high school, students can apply the skills that they have developed and either integrate themselves into the “real world” or decide to build upon their knowledge by attending an institution for higher level education. The quality of education a student receives depends on their ability to learn the information that is presented to them in a particular environment. During this period of one’s life, such an environment is likely a classroom. The consequences of a students’ performance in this environment can be reflected through the student’s GPA which is predictive of their physical and psychological health (Shareef et al., 2015). An overarching goal of these institutions is to set students up for success by preparing them to their highest potential academically, socially, and emotionally. Finding ways to either enhance the positive factors that contribute to a student’s academic success or mitigate the impact of the detrimental factors on the student’s academic performance achieve this intention. Fundamentally, this relationship highlights the importance of considering the comprehensive interconnectedness between academic success and health. Finding specific interventions that can enhance this relationship and the potential for students. 
	How well someone can utilize the information they have learned during recall at a later time tends to be considered an influential metric of learning. Critical to the learning process in both high school and college students is the concept of working memory, the concentration of this literature review. It is a cognitive skill that influences our daily life, but multifaceted to understand. The interplay of both mental and physical factors in the environment, such as stress and distractions, respectively, may affect working memory and influence one’s learning processes through their symbiotic interactions with it. 
WORKING MEMORY
	Working memory is broadly defined as the brain’s process of temporarily storing and manipulating visual, auditory, and spatial information (DeCaro, 2011). Working memory affects learning capabilities through applications such as reading comprehension, problem solving, and critical thinking, to name a few. Conversely, most exams given in classrooms are considered to test long-term memory, a division of memory that contains a collection of knowledge or past events that are solidified in one’s mind (Cowan, 2008). This information can be recalled at any point after it becomes stored in this long-term reserve. However, the skills that must be developed to heighten success in most realms of academic achievement, including exams, also require the processing abilities facilitated by one’s working memory to get to further stages of encoding of the information within one’s mind. For example, reading comprehension involves the processing of working memory as one must read consecutive words within a sentence, while also thinking back to the ones that were read prior and analyzing these words in reference to each other so that the sentence, or even paragraph, can be understood as a whole. More generally put, working memory is used to keep the information that has been learned by the individual easily accessible to be manipulated and comprehended in conjunction with novel incoming information. On the other hand, another commonly discussed category of memory is short-term memory, which is usually used in a passive mental state. Unlike both long-term and working memory, it is not necessarily used for the purpose of remembering the information. Occasionally, however, short-term memories may integrate themselves into long-term memory as attention is repeatedly put towards storing that information. Working memory requires attention to maintain information in the brain. Objects held in short-term memory can be manipulated in working memory once attention has been invested towards processing that fleeting information. Many pathways within the brain contribute towards the functionality of working memory, making understanding of its neuronal basis important to consider. 
Neural Mechanism of Working Memory 
The significance of working memory surged with the introduction of a neural model by British psychologist Alan Baddeley. This model highlighted the pivotal role of working memory in processing various types of information, emphasizing the existence of multiple components within the framework. The model suggests a “central executive” which coordinates the processing of information from both the “visuospatial sketchpad” and the “phonological loop”. The visuospatial sketchpad, as the name suggests, handles information from visual and spatial cues, while the phonological loop manipulates auditory information (Baddeley, 1992). A key feature of this model is the separation of processing between auditory and visual & spatial information for working memory. Therefore, understanding the intricacies for each category of information requires an investigation of its own, which would merit information-specific working memory tasks. Consequently, the outcomes of these tasks may result in different trends for certain variables measured.
Typically, visual, spatial, and auditory working memory tasks will include an encoding period during which the subject is presented with stimuli that they will need to remember in reference to other stimuli. To begin, tasks pertinent to visual working memory require the subjects to look at patterns in shapes and colors of objects and thereafter recall these patterns in relation to other objects. The specific objects may differ between tasks but comprehensively the subjects’ ability to recall differences in the visual cues of objects are tested. Likewise, tasks examining spatial working memory, which also utilize the mechanisms of the visuospatial sketchpad, would require the subjects to recall the specific arrangement of objects, navigate from a specific location, or transform an object’s orientation. For example, an experiment testing spatial working memory may require the subjects to observe a navigational route, following which they would navigate from somewhere along that route to another location. Next, tasks investigating the phonological loop’s function in auditory working memory tend to require the subjects to manage information presented verbally and consequently manipulate it. For example, subjects may be asked to listen to a list of words and recall the third word preceding another word on this list. Another category of working memory tasks tests one’s ability to filter distractions from the stimuli of interest involve distractors such as irrelevant stimuli, which would have been specified as not being pertinent to the task at hand to the subjects. In the presence of distractors all of these tasks require the usage of attentional control in order to maintain focus on recalling the information presented to the subjects prior during the encoding period. Their performance in these distraction filtering tasks is measured through their accuracy during the retrieval period compared to the initial encoding period. For example, an auditory working memory task that would require filtering would include the presentation of information concurrently with competing auditory information, such as “speech, tones, music, or white noise” (Buchsbaum, 2016). The central executive is considered to play a pivotal role in the filtering of these distractions, and resultantly play a role in the focusing of attention towards a given task as well. 
Working Memory Trends 
It is crucial to distinguish between different demographic groups as they demonstrate unique trends influenced by specific characteristic variables. This understanding is key to comprehending the development of working memory capabilities. Examples of such demographic groups include gender, age, and education status. With respect to gender, there are consistent findings that females are better able to remember information presented both visually and auditorily when there is a distraction present than males (Harness et al., 2008). This suggests their distraction filtering by the central executive is stronger in its interactions with the visuospatial sketchpad and phonological loop.  With regards to age, visual working memory capabilities tend to decline from its peak that occurs between young adulthood to late adulthood. (Henderson et al., 2021). Similarly, auditory working memory tends to decline after late adulthood (Choi et al., 2014). Focusing on what variables can play the biggest benefit or detriment at different life stages is crucial. Individuals that may not be in line with the performance of their relative cohorts at that point in their development may require targeted interventions to benefit their learning. This discrepancy could be due to many factors, some of which will be discussed throughout this paper. Lastly, educational status serves as another significant factor of working memory performance, with those that have a higher quality and level of education performing better on working memory tasks (Choi et al., 2014). Therefore, optimizing education throughout one’s life, from elementary school to the collegiate level and beyond, establishes long-lasting benefits that enhance working memory applications in individuals. Experimentally, it is crucial to concentrate and control for these variables– as well as others– when assessing working memory performance within tasks. When analyzing and contrasting studies, comparing results of experiments that are focused on understanding different facets and divisions of working memory should be done with subjects of similar demographics. Otherwise, the analysis of these results found may be the result of these confounding variables, rather than the independent variable’s influence. 
Working Memory and Intelligence 
	With most students focused on their academic performance, it is critical to recognize the factors that can influence their success. In fact, working memory capacity, or the amount of information that can be temporarily stored to be manipulated at a specific time, has been found to be positively correlated with fluid intelligence and attentional control. Fluid intelligence is the ability to reason, generate, and manipulate new information (Zaval et al., 2015). These problem-solving skills are separate from tasks that require a simple recall of facts. Fluid intelligence is critical in figuring out how to approach novel problems, whether in an academic setting or in the “real-world”. On the other hand, attentional control is the ability for one’s central executive to choose the stimuli to focus attention towards, while also being able to ignore other distracting factors (Derryberry and Reed, 2002) . Attentional control is crucial in working memory filtering tasks, examples of which that were mentioned prior demonstrate the ability to filter out distractions that may be present in an environment from the information that is actually important to retain. Working memory filtering abilities have been shown to have correlated with visual working memory capacity. Specifically, those that have a high capability to filter out distractors are able to prevent them from taking away attention towards a working memory task that requires the encoding of visual stimuli. These results suggest the distraction is using up attention like a resource. Instead, it could have been allocated towards the task at hand, such as the reading of a passage that requires critical analysis (Gaspar et al., 2016).  A theory pertaining to this role of attention is referenced in the following section. The engagement of both of these capabilities are constantly used in an academic setting, and demonstrate the importance of their roles in optimizing working memory capacity while in the classroom. 
Not only is there a behavioral basis for this relationship, but neural studies also support the link between working memory and intelligence as well. Lesion studies of the brain have shown a resulting loss in cognitive capabilities when removing an area known to be important in working memory: between the left temporal and parietal lobes. These findings imply an interconnected relationship between the functions of this region as working memory function being removed affected one’s intellectual faculties (Chai et al., 2018). Therefore, factors that maximize working memory function can result in a stronger neural reinforcement that optimizes cognitive capabilities, which manifests in intelligence. 
It is clear the fostering of a strong working memory has the ability to aid students perform better in academic settings. Conversely, understanding the factors that impede this potential is important so that they can be properly addressed and avoided. This review will begin by examining the effects of distraction on working memory, which will be followed by an analysis of how the mental distraction of stress can affect the different types of working memory. Foremost, it is important to understand the effects of each of these variables on working memory individually to gather an understanding of how they each affect student learning in the classroom. Most importantly, this review will conclude with a discussion of interventions that can improve the working memory capabilities of students, and the effects these practices can have. 
DISTRACTION
A distraction is commonly defined as a stimulus that is unrelated to the task one is focusing on carrying out (North, 2011). As mentioned prior, different types of working memory tasks can involve distractors of the same nature as the information encoded. However, to better represent the reality of using these skills, the distracting stimuli may also be different from the type of task that is being carried out. It seems relatively straightforward to expect that a distraction would interrupt one’s attention towards the task at hand and result in a reduced performance on a task they are given. However, the process of attentional control within working memory can help one process information even in the presence of a distractor. It allows for the distraction to be ignored, and instead helps hone in on the information that is of importance. Despite being in the presence of multiple stimuli, a strong level of attentional control can help one focus on the task at hand, while a weak one would hinder one’s performance as their mind would wander to the different stimuli. There are contrasting theories around how distractions can affect one’s ability to focus and perform on a task as a result of the effects on their attentional control. Although there are many, the two we will focus on are opposing, however highly supported, theories: attentional resource theory and optimal arousal theory. 
To begin, according to attentional resource theory, attention is considered a finite resource consumed by the brain for different tasks. Thus, the presence of any distraction should theoretically impede one’s working memory since it takes away attention from the task at hand to accommodate to the other distracting cues that are present (Craik, 2014). The splitting of attention is considered to result in a division of the brain’s energy and brain’s processing power towards the intended task. Therefore, according to attentional resource theory, simply the presence of a distraction of any nature should result in an individual having a less effective working memory, as they would become susceptible to a lack of attentional control. 
On the other hand, as per optimal arousal theory, a particular intensity of stimuli can also serve to improve one’s performance on the task by facilitating arousal in an individual’s body that causes them to be more attentive towards a task they are given. The arousal affects one’s psychological activation (Robison and Brewer, 2020), making their mind more “awake”. For example, having background noise in a study environment may result in the individual’s consciousness being aroused rather than when they are in silence and bored. In silence, the lack of stimuli may not pique enough interest for one’s consciousness to be fully invested, and instead their thoughts and focus would drift elsewhere. Therefore, the arousal induced from a certain level of stimuli in the environment would reduce the chance of succumbing to boredom from the task at hand since one’s psychological processes would be more engaged in it, and instead result in more of their attention to be focused on comprehending the intended information.
The coveted optimal level of arousal depends on the nature of the task and the type of distraction in the environment that is present. This principle is illustrated in the work of Naveen Nagaraj at Utah State University, who conducted an experiment that investigated the effect of auditory distraction on working memory in adults from ages 18-37. He focused on measuring auditory attention switching and listening comprehension in the presence of a background chatter. Subjects were better able to accurately infer information from interviews, lectures, and spoken narratives in the presence of background chatter and were faster in switching their attention to new auditory information. However, the accuracy in recalling this new information and connecting the ideas of this new auditory information was impaired (Nagaraj, 2021). These results suggest that an auditory distraction can help to arouse parts of the brain that are important in applying information that has been learned and manipulating it which requires the use of working memory. However, the learning and synthesis of information may be hindered from such background noise in situations such as exams when simply recalling information is the most important metric for succeeding. The varied outcomes from this distraction demonstrate the coexistence of both optimal arousal and attentional resource theory and how the effects of distraction are context specific.
Due to the mixed outcomes on experimental trials that monitored visual and working memory in the presence of distractions, Craik (2014) sought to investigate which characteristics of a distraction greatest influence an adults’ performance on a working memory tasks. The attributes of a distraction that appeared to significantly influence and individuals’ performance in working memory tasks included their anticipation of encountering the distraction, their familiarity in learning alongside the distraction, and the relevance of the distraction to the information being learned. Given that context, within the classroom irregular visual and auditory distractions that are irrelevant to the content taught would serve to harm the learning quality of students. In fact, background noise and chatter has been found to compromise cognitive performance and working memory in pre-adolescent children by rendering auditory processing difficult for the brain to carry out (Osman, 2017). The inability of these children to filter those sounds may also be due to working memory capabilities still being developed.  In fact, as mentioned prior, the effect of background chatter also seemed detrimental in recalling and connecting information within adults.
 Even though there seems to be a trend in the effects of distraction on auditory working memory, it would not be adequate to generalize the effects of a distracting noise on academic performance. While noise is an environmental distraction, the effects of one's mental state on working memory remains important to investigate as mental distractors may have short-term and long-term effects on learning. Mental health problems can serve as an additional distractor to the one that is a part of the task and serve as a confounding variable. Theoretically, under optimal arousal theory, having a psychological distraction, such as stress, could improve working memory. However, attentional resource theory would strongly counter and insist a clear state of mind would be ideal for someone’s memory rather than one shrouded in emotions. The remainder of this paper will examine how these theories apply to different forms of working memory (ie. visual, auditory, and spatial) depending on the mental health of college students, as this cohort of individuals face a myriad of stressors and are expected to have ideal functioning of their working memory. Understanding the extent of influence mental health factors play in working memory, is important to develop specific interventions that can target the most harmful types of stressors and improve student learning.

STRESS
	Stress is a lifestyle element that constantly bombards a college student’s life. In fact, a staggering 88% of college students acknowledge grappling with stress during their college experience (Flaherty, 2023). When viewed through a sociological lens, stress is perceived as the cumulative effect of patterns and recurring challenges that characterize an individual’s life (Pearlin, 1989). College students are subject to a unique and dynamic environment where their academics, social life, personal life, and health interact in a way that is unlike other environments that they have experienced prior– which all may individually and collectively engage to create stress. Understanding how these regular challenges can affect an individual's internal cognitive functioning and well-being for the worse is crucial for creating supportive environments that enhance student success. Providing this support like this can improve academic performance while also promoting effective mental health prerogatives in universities. 
	There tend to be two primary classifications of stress: acute, which is the result of a recent and severe stressor, and chronic, which results from a stressor that is repeatedly persisting in one’s life for a long period of time (Srakocic, 2023). An example of an acute stressor that may be faced by college students is having to complete many forgotten and challenging assignments that were postponed. In this case, the assignments are the stressor that affect the student suddenly and are now contributing cumulatively to their mental health. Another common acute stressor is social stress, where students’ self-esteem may be hurt from being ridiculed by their peers or others that may be observing them. Acute stress tends to result in a difficulty concentrating, anxiety, emotional turmoil, etc. These stressors can result in mental and physical exhaustion if not handled adequately (Barnhill, 2024). Ultimately, this can cause students to perform worse in their classes, and even reduce their chances of graduation (Regehr, 2012). Conversely, students may experience chronic stress if their family has consistent turmoil or is imposing high expectations on the students’ performance in college. These stressors tend to exhibit long-term effects on physical and mental health. For example, chronic stress has been found to increase the chance of heart disease, obesity, depression, and more (Yale Medicine, 2022). Concerningly, approximately 56% of students exhibit chronic stress, while 60% experience acute stress in response to a recent event in their life (Flaherty, 2023).  Ultimately, both types of these stressors are ones that students should minimize their exposure to due to the negative ramifications on their wellbeing—whether it be in the short-term or long-term. 
Stress is an experience that is universally encountered, however there are subsets of stressors that are more commonly encountered amongst college students. In an effort to investigate which types of stress college students were more prominently confronted with, researchers Bulo and Sanchez surveyed colleges students and had them rank the types of stressors that plagued them the most often and severely. They found four principal categories: interpersonal, intrapersonal, academic, and environmental. Interpersonal included interactions with other people, while intrapersonal involved stress from one’s own responsibilities and actions. Academic stressors involved responsibilities from school, such as classwork and extracurricular responsibilities, and the environmental stressors discussed in the study were with regards to technology malfunctions, such as their computer or phone defects (Bulo and Sanchez, 2014). Students felt as though the situations that served as the greatest stressors in their lives were financial difficulties, receiving an inadequate grade, classes with a high workload, working with people they did not know, and familial problems. These issues reflect how a persistent influence of this mix of interpersonal, intrapersonal, and academic stressors can underlie a students’ overall mental health, as well as how these stressors can be a mix of chronic and acute. By identifying the specific stressors that most severely affect students’ academic performance, schools can tailor interventions and support strategies that address these underlying challenges effectively. Ultimately, by addressing students’ individual needs and addressing the root causes of these stressors, schools can create a more supportive and conducive environment for academic success and well-being. 
Stress and Working Memory 
As established, working memory capabilities are thoroughly tied to one’s academic performance. From the standpoint of selective attention theory, a stressor that a student is experiencing could divide their attention to deal with both the stress and the working memory task, thereby limiting one’s performance on a task. Alternatively, if the effects are consistent with optimal arousal theory, up to a certain extent, these stressors may instead provide the psychological stimulation to motivate students to perform better on a working memory task. Past a point, however, the stressor may instead be a detriment to an individual’s working memory. It is conceivable that the myriad forms of stressors encountered by students, of both acute and chronic types, have the potential to yield different performance outcomes when confronted with tasks demanding the selective filtration of distractors.
Acute and Chronic Stress on Visual Working Memory
Studies have consistently shown that stress reduces cognitive flexibility and, with that, academic performance. However, whether that is due to an impact on working memory or long-term memory is difficult to discern.  Shields et al. (2016) proposed that acute stress may lead to a more intense processing response of stimuli, the task and the stressor, that would otherwise not require as many attentional resources in the absence of the stressor. The acute stressor thereby limits the energy that can be put towards the intended information. In the classroom, the comprehension and learning of material in the classroom is dependent on these attentional resources. Distractions in the learning environment can be a source of acute stress for students as well. However, this stress may interact with other types of stress ongoing in students’ lives, such as the ones found to be most prominent in college students’ lives in the study by Bulo and Sanchez (2014). 
To begin with a discussion of the influence of acute stress, Khayer et al have found acute stress to have detrimental impacts on visual working memory among college students (Khayer et al., 2017). The stressor was a cold physical stimulus intended to induce feelings of discomfort among the subjects during the task. The task itself asked subjects to recall whether they had encountered an object that was presented a certain number of positions in the sequence prior. The results demonstrated how a physical stressor can cause detriments to visual working memory as both speed in the subjects’ answers and their accuracy was impaired. A similar study by Schoofs et al also induced acute stress using an uncomfortable physical stimulus and found visual working memory performance declined when the subjects were asked to recall material they were asked to store but was not effected when they had to manipulate the information that was presented prior (Schoofs et al., 2009). The varied results from Khayer et al and Schoofs et al suggest a task specific effect of stress on visual working memory. However, these studies are limited in their application to college students due to the acute stressor being a physical disturbance, which is unlike most of the stressors that students regularly face. Rather, a study investigating how irritating sounds or conflicting visual stimuli in the periphery of a student's scope of vision while in the classroom would yield more translatable results for this group of subjects. In fact, a study conducted by Lukasik et al found visual working memory performance was not influenced by ongoing stress in the subjects’ life. The assessment of chronic stress was conducted using the Short Form Perceived Stress Scale which asks individuals to reflect on how they would respond to scenarios they may encounter in everyday life and characterize their stress response to those situations based on their rankings of comfort within them. Higher scores on this scale have been associated with poorer health outcomes, indicating mental health being a mediating variable for future health (Umucu et al., 2018). The study itself used four visual working memory tasks to gather an encompassing idea of the influence of this pre-existing stress on visual working memory performance in the absence and presence of distractions.  Lukasik et al may be an outlying finding from other studies similar to Khayyer et al due to the presence of an acute physical stressor in combination with ongoing chronic stress in the subjects of the study. Overall, it seems as though acute stress may yield a stronger negative effect on visual working memory than chronic stress.
As Craik (2014) discussed, the expectation of encountering a distraction can mediate its effect on working memory performance. In line with this principle, researchers Rüttgens and Wolf investigated the effect of anticipated stress on visual working memory performance. The subjects were asked to recall objects that were present in the environment while they spoke with the experiments. These objects were either in the central line of sight, peripheral line of sight, on the body of the experimenters, or the faces of the experimenters. Those that were anticipating a stressful condition were better able to recall the objects that were in their central line of vision, however there was no difference between the groups in the remainder of the object groups (Rüttgens and Wolf, 2023). The lack of a difference, however, is still notable as it refutes both optimal arousal theory and attentional resource theory, suggesting a different mechanism for the function of visual working memory that may not involve stress. In fact, it reinforces Craik’s (2014) findings regarding the role of expecting a stressor on working memory. 
Acute and Chronic Stress on Auditory Working Memory
	Auditory working memory is used to not only remember information someone has heard, but also manipulate it in the context of when asked to retrieve that information. The working memory tasks relevant to this form of working memory involve subjects listening to stimuli, which are lists of words, and being asked to recall words relative to the position of the other. These tasks are commonly referred to as N-back tasks.
Khayer et al found that the emotions one has while facing an acute stressor may affect their performance in a simultaneous auditory working memory task (Khayer et al., 2017). Similar to the studies discussed regarding visual working memory, this study used an N-back test administered to university students. Students within the experimental condition had to immerse their hands in cold water to induce “stress”. The stressed students that listened to words with positive connotations performed with better accuracy and faster response times in the task than the stressed students that listened to words with a negative connotation. This suggests the emotions induced by information that one hears when they are stressed can influence their ability to retain that information using their working memory. If these negative emotions persist it could induce negative chronic stress which tends to induce anxiety and, in some cases, depression which could continuously negatively impact one’s auditory working memory. 
	In an effort to determine the type of information retrieval that may be affected most by stress researchers Rüttgens and Wolf also investigated the effects of stress on auditory working memory. For the auditory working memory task, the subjects were asked to recall personal information and phrases the researchers tended to repeat during their conversations with them. Stress was induced in these subjects by making them feel insecure about their status as an individual, an example of social stress. The subject’s cortisol levels were measured throughout the course of their participation in the study to determine the extent of their stressful episode. The subjects in the stress condition surprisingly remembered the personal information of other individuals better than those that were not anticipating a stressful condition. However, there was not a difference between those in the stressed and unstressed conditions in their ability to recall the catchphrases of the researchers during their conversations (Rüttgens and Wolf, 2023). Unlike other studies discussed, the subjects were given a disclaimer regarding their stressful task so they could anticipate being stressed. In line with optimal arousal theory, the stress may have induced a heightened awareness towards the task in these subjects, which contributed to their comparative success in the auditory working memory task. Similar to the visual working memory task the same researchers tested, the absence of distinction between the groups remains significant, indicating that acute stress induced by stimuli requiring deeper analysis might not affect auditory working memory. These findings partially contradict the impact of anticipatory stress induced on visual working memory processing. This disparity underscores the existence of distinct working memory mechanisms based on stimulus characteristics, as evidenced by the model for the phonological loop and visuospatial sketchpad.
Acute and Chronic Stress on Spatial Working Memory 
	The last form of working memory we will examine in the presence of stress is spatial working memory. The neural mechanism the effects of chronic stress on spatial working memory has been investigated by researchers Mizoguchi et al who induced neurological hallmarks of chronic stress in mice. Researchers reduced the prefrontal cortex’s dopaminergic function for multiple weeks and observed the mice’s performance on spatial working memory tasks. The mice were given a behavioral test known as the T-maze, to determine this effect. The mice’s performance in the maze diminished after their dopamine was reduced which suggested chronic stress tends to reduce spatial working memory (Mizoguchi et al., 2000). In fact, the effects of inducing chronic stress hormones in mice resulted in a premature aging of the brains in areas critical for spatial working memory (Gandy et al., 2024). An obvious limitation to both these studies is the subjects being mice, making it difficult to discern a comparable trend with the other forms of working memory and respective types of stressors. However, if the same trends hold true for humans, the repercussions of chronic stress on spatial working memory is grim for their ability to orient and carry on their proper livelihoods. 
In contrast, behavioral results on the effects of acute stressors on spatial working memory in humans are more abundant. Subjects were given stressful tasks to induce an acute stress response which was followed by a spatial working memory task. Strikingly, subjects performed similarly on the spatial working memory task regardless of whether they were given stressful tasks (Husa et al., 2023) . It is possible different actions used within working memory are affected by stress differently. For example, the subjects were asked to update locations of an object using their spatial working memory. However, the influence of stress on doing this may be distinct from the ability to perform the task with distractions or manipulation of the information. This would also explain how auditory and visual working memory resulted in no difference in performance in the presence of stress. The hypothesis put forward by this study further emphasizes the importance of understanding the intricacies of working memory and the abundance of factors that affect its performance.  

EMOTIONS AND WORKING MEMORY
	Stressors have a physiological and psychological effect on an individual. One’s psychological state may be affected by a stressor causing changes to their emotional state. Chronic stress has been shown to potentially put individuals at the risk of developing a persistent negative emotional state that could result in anxiety or depression (Mental Illness and Addiction, n.d.). Understanding how these chronic conditions then effect one’s learning is essential for addressing the cognitive and mental health consequences of stress and promoting specific interventions towards ameliorating their effects. We will examine three pertinent conditions that are caused by chronic stress: anxiety, depression, and post-traumatic stress disorder (PTSD).
To begin, we will examine the effects of anxiety on working memory tasks, as severe levels of anxiety can result in depression and post-traumatic stress disorder, both of which will be discussed thereafter. Approximately twenty percent of the United States population has anxiety (U.S. Department of Health and Human Services, n.d.) making its repercussions abundant and highly relevant.  While many factors can induce anxiety in an individual, stress is a prominent contributor towards inducing anxiety and apprehension. Those with anxiety have been established as having difficulty in filtering out distractions as their attentional resources are scattered amongst the task they are given, the distraction itself, and the anxiety. Ultimately, this is seen as detriment to their educational performance as this skill is commonly required of students (Sarason, 1988). When anxiety was either induced or was pre-existing, levels of which were self-reported by subjects (Berggren, 2020), subjects had a great detriment to their ability to use their visual working memory. With stress being of influence on one’s emotional state and anxiety levels it suggests being an important mediating variable of visual working memory function. Thus, the negative effects of anxiety can result from stressors that are acute or chronic. 
While many such studies argue anxiety results in working memory deficits, Lisica et al aimed to determine whether there was an association between the severity of anxiety and extent of working memory having a deficit. Impressively, the study was able to administer visual, auditory, and spatial working memory tasks amongst subjects that had an anxiety disorder of either low, high, or extreme severity. Ultimately, those with low levels of anxiety performed better across all three types of tasks than those with high and severe levels of anxiety. However, there seems to be a plateau on the effects of anxiety on working memory as there was not a difference in the working memory performance for those with high and severe levels of an anxiety disorder (Lisica et al., 2022). This highlights the importance of preventing anxiety from persisting further and reaching such high levels. 
When chronic stress accumulates it can also result in depressive disorders. Depressive disorders are considered to affect at least 5% of the global population, with a myriad of ramifications other than working memory, such as a constantly disrupted mood and an associated reduction in quality of life. A study by Nikolin et al aimed to determine how working memory was affected in those with major depressive disorder, but specifically at what cognitive load the discrepancy in working memory was greatest. The meta-analysis examined a mix of spatial, visual, and auditory working memory studies. The more items the subjects were required to keep malleable in their mind, the greater the difference in performance between the two groups (Nikolin et al., 2021). These findings suggested the manifestation of chronic stress from major depressive disorder undermined these individuals’’ abilities to use more complex executive functions of the brain. Although there are other contributing causes towards developing major depressive disorder, chronic stress is a substantial one that can clearly result in long-lasting effects on learning. 
Lastly, PTSD is a condition that evokes notable cognitive defects and difficulties in daily functioning. Individuals with PTSD tend to have high levels of chronic stress as the result of a traumatic life event (Mayo Foundation for Medical Education and Research, 2022). Researchers Schweizer and Dalgleish were interested in how visual working memory differed amongst those that were placed in a temporary negative emotional state, as opposed to those with PTSD where the negative emotional state is a persistent one (Schweizer and Dalgleish, 2016). The study found that the amount of visual information that could be stored in an individual’s working memory to be less in individuals who had a negative emotional state induced by the presentation of disturbing images. To further underscore these findings, the researchers replicated their experiment with individuals that had a history of PTSD. When prompted with an image that was similar to the scene of an accident that resulted in their PTSD, the patients were able to hold significantly less in their visual working memory than those that did not have a history of PTSD. This indicates a detrimental effect of a consistent negative emotional state on visual working memory with a stimulus that seems stressful in nature and exists outside of the memory task. Further implications of this study include ensuring that individuals are away from any triggers that induce their PTSD in learning settings. However, this study also prompts questions regarding how specific types of stressors may be most maladaptive to the working memory processes by inducing a greater negative emotional state in students, especially those with PTSD. 
Similarly, as there are varied categories of chronic stress, there are also different forms of acute stress. A conflict between friends, for example, may induce emotional acute stress. Luethi, et al aimed to investigate the effect of acute stress that induces feelings of shame and disappointment on adults’ working memory function. When faced with a social stressor that required subjects to perform in front of an audience that eventually gave disapproving remarks to their participants regarding their participation in the task, many participants were disappointed. The resulting social stress the subjects were facing was measured through their cortisol levels before and after the task. The researchers found inducing social stress resulted in a decline of working memory capabilities in the adults they studied (Luethi et al., 2009). This trend differed from subjects’ ability to recall information using their explicit and implicit memory, which was not affected by the social stress. A major implication of the detriment on the subjects’ working memory is that acute social stress seemingly inhibits the ability to process information efficiently and ultimately reduces cognitive efficiency. Based on these findings, a further area of study would be to determine whether these maladaptive effects on learning persist in the long-term, especially when examining chronic social stress that could stem from an individual having the persistent perception of social shame and embarrassment. 
Another common cause of acute stress amongst college students is an unexpected life event that throws a student off from their expectations from the status quo. A study conducted by Abo Hamza and Helal sought to investigate whether there was a trend between the frequency of stressful life events on the working memory capacity of college students. The students were asked to rank how often they felt certain types of stress including: family, economic, academic, social, emotional, health, and personal pressures. External emotional stimuli were considered to be stressful life events and internal emotional stimuli were operationalized as depressive thoughts the subjects had. The study found that there was a correlation between the frequency of external and internal emotional stimuli and the severity in detriment to one’s working memory (Abo Hamza and Helal, 2021). This suggests frequently experiencing a stressor, even if it is of low severity, can still result in deficits to one’s learning. Despite stressors being of different categories, they have an accumulated and interconnected effect on an individual’s working memory, 
INTERVENTIONS FOR ACUTE AND CHRONIC STRESS
	While we have just discussed the effects of manifestations of chronic stress on working memory, there is evidence of working memory training as being effective in improving anxiety and depression. A meta-analysis of studies that examine the effects of working memory training found an improvement in the severity and ability to function in daily life from major depressive disorder (Koster et al., 2020). Not only would the implications of this intervention improve the direct variables, anxiety/depression and working memory, it could result in the remediation of an array of other negative experiences that are associated with anxiety/depression and a reduced working memory. Due to this intervention being relatively easy to have people receive and low cost working memory training would have a promising future in mitigating some of the chronic mental effects of stress. Although anxiety and depression are already very prevalent, many students may not be clinically diagnosed with the conditions but still experience symptoms. In fact, students that exhibit these symptoms to non-clinical extent took part in a visuospatial working memory training task where they could progress after mastering “levels” of the task that corresponded to the number of items they could keep within their working memory reserve. Immediately following the training session and a month after the training, the symptoms of anxiety and depression amongst the adolescents was reduced, a further indication of the promise of working memory training as an intervention for conditions that may be caused by chronic stress (Beloe and Derakshan, 2020). 
	While these trends regarding stress on university students has been understood as maladaptive for the student’s experience, there are still varying levels of support for these students making it important to assess the present ways in which universities are aiming to reduce student stress levels. A metanalysis examined how different types of interventions offered to students across multiple countries affected the students’ mental health. These interventions were focused on preventing the students’ acute academic stress from fostering poor mental health. Following analysis of the results from 24 studies, Regehr et al suggests cognitive, behavioral, and mindfulness-based interventions are able to reduce students stress and resulting anxiety (Regehr et al., 2013). As discussed in the prior sections, prolonged periods of acute stress feed the existence of chronic stress which results in anxiety and depression, both of which have been seen to negatively affect working memory. In turn, utilizing the practices throughout these studies would likely improve their academic performance. Interestingly, the researchers found that the length of the interventions and the specific interventions within each category yielded the same results: reduction of stress. Ultimately, more universities should look towards the integration of these interventions into their school curricula or support programs for students to take endless advantage of these benefits. These findings recognize the interconnectedness of mental health and academic success, and how educators should adopt a more holistic approach to education that prioritizes their students’ well-being alongside academic achievement. 
	 
CONCLUSION
	Common amongst all types of working memory tasks, visual, auditory, and spatial, is a lack of research into how pre-existing psychological factors, specifically different forms of chronic stress, can directly affect someone’s ability to ignore distractions and focus on a task they are presented with. While we have examined the effects of social stress on working memory, there stands to be further research on the other categories of stressors’ influence, such as the ones established by Bulo and Sanchez, on working memory. As college students must face a wide range of stressors independently, while also working towards preparing for employment or further schooling following graduation, they present as an essential cohort to explore how to maximize academic performance and overall health. 
With this in mind, an insightful study that could be designed for comprehending working memory in college students is to examine the effects of specific categories of stress that Bulo and Sanchez (2014) have established as most prominent in college students’ lives. By assessing students’ rankings, this will help establish whether there is a correlation between the levels of these types of stress they face and the impact on their performance in working memory tasks that address visual, auditory, and spatial working memory. If certain types of stressors present as a strong mediating influence on a subjects’ ability to ignore auditory distractions and focus on the task they are presented with, they would serve as ideal and precise targets for colleges to prioritize on treating and resolving. Not only does identifying and mitigating these stressors help advance students’ academic performance, but it also stands to positively influence the mental well-being of the student body, predicating positive consequences that extend past the scope of this study’s focus. Lastly, there seems to be a prominent gap in research on humans regarding the effects of chronic stress on spatial working memory, with all studies on this topic taking place in rodents. Understanding this relationship would thoroughly benefit the field of working memory as it would assist in devising strategies to mitigate the effects chronic stress may have on a human’s spatial working memory. 
Through thorough investigation of the intricacies of working memory, distractions, and stress, it is clear how multifaceted a student’s working memory can be. Depending on the cognitive requirements, stress likely has a greater effect on tasks that require more attentional resources. The tasks that do not require much attention may not be as affected by stress since the attentional resources can be devoted between both the task and distraction concurrently. However, the manifestations of chronic stress are harmful to the efficiency of working memory and students would benefit from interventions distributed throughout universities, as well as working memory training in prevention and through addressing these conditions. 
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