The effects of short-term gaming on cognitive performance, exploring the impact of gaming genre and prior gaming experience on memory, attention and reaction time.
Chapter 1: Literature Review
In today's digital age, video gaming has become ubiquitous and pervasive. With such a diverse variety of genres and platforms, the gaming industry attracts millions of individuals across all ages, genders and cultural boundaries (Birk et al., 2017). An activity used for leisure, which has grown exponentially in popularity throughout the years, is not only used for relaxation and challenges yet also has been known to stimulate the cognitive capacities of its players (Kuhn et al., 2019). Among children aged between two to 17 years, a recent 2022 survey in the United States demonstrated that 71% partake in video game activities, indicating a four-percentage-point rise compared to the statistics recorded in 2018 (NPD, 2022). There has been a suggestion that engaging in video games can lead to cognitive, motivational, emotional, and social advantages (Granic et al., 2014).
Existing literature has demonstrated a compelling relationship between gaming experience levels and cognitive task performance. Numerous studies have consistently highlighted the advantages experienced gamers possess over those with limited gaming experience. For instance, Green and Bavelier (2003) have done research that showcased those individuals who extensively engaged in video games displayed enhanced visual attention, spatial resolution and multitasking abilities compared to non-gamers. Correspondingly, Boot et al. (2011) conducted a meta-analysis and collated findings across various studies, reinforcing the notion by Green and Bavelier (2003) that individuals who frequently game tend to exhibit quicker and much more accurate decision-making skills, improved working memory and heightened cognitive flexibility compared to those who do not game. Both the findings above suggest a positive association between experienced gamers and superior cognitive task performance across various domains; these indicate potential cognitive benefits associated with prolonged gaming engagement. However, whilst Boot et al. (2011) and Green and Bavelier (2003) meta-analysis and study findings supported the notion that frequent gamers tend to exhibit improved cognitive skills, findings from Kuhn et al. (2019) offer a different perspective. Whilst the two studies above have suggested enhanced decision-making, working memory and cognitive flexibility among frequent gamers, Kuhn et al. (2019) found that although gamers might excel in specific cognitive tasks, these gains may not generalise to overall cognitive abilities or academic performance.
Furthermore, Kuhn et al.'s (2019) study emphasised the potential detrimental effects of extensive gaming on brain structure, mainly grey matter volume (the brain and spinal cords darker tissue, composed of nerve cell bodies and branching dendrites), highlighting concerns regarding the long-term consequences of prolonged gaming on cognitive health. Echoing Kühn et al. (2019), Pan et al. (2018) discovered associations between prolonged gaming and brain structure alterations linked to cognitive control. Both studies by Kuhn et al. (2019) and Pan et al. (2018) highlight concerns about potential grey matter changes in brain regions crucial for cognitive functions among frequent gamers. Therefore, while Boot et al. (2011) support a positive relationship between gaming experience and specific cognitive skills, the broader implications and potential drawbacks, as highlighted by Kuhn et al. (2019) and Pan et al. (2018), suggest a need for a more comprehensive understanding of multifaceted impacts of gaming on cognitive abilities.
Chaarani et al. (2022) conducted research to find the association between video gaming and cognitive performance among younger people. This study consisted of 2217 participants, with 1399 being female, using both non-video gamers (NVG), zero hours of gaming and video gamers (VG), over 21 hours per week of gaming. Utilising an fMRI task consisting of distorted images and response time to identify the image correctly. This task identified that VGs scored better on the fMRI task, resulting in better reaction times and go times (reacting when saying three, two, one, go). The results also identified that VGs had better responses in the key region of the cortex, which is responsible for visual, attention and memory processing. However, Chaarani et al. (2022) found that VG's had attention problems (distracted more easily) and suffered more with mental health issues, i.e., depression compared to NVG's. In support of Chaarani et al.'s 2022 study is Ziv et al. (2022), who found that VG's had faster reaction times than those classified as NVGs. 
Furthermore, Papanastasiou et al. (2017) wrote a review paper focusing on the cognitive outcomes associated with action games. Their review consistently indicated that playing action games significantly correlates with improved reaction times. Participants who engage in action games consistently displayed faster responses to visual and auditory cues, indicative of heightened cognitive processing speed. Parallelly, Mishra et al. (2012) found similar findings five years prior to Papanastasiou et al. (2017). This further accentuated the strong association between action gaming and enhanced reaction times.
In contrast, cognitive advantages that were linked to strategy gaming were also found. Papanastasiou et al. (2017) highlighted an association between strategy gaming and enhanced attentional performance. Also, players who engaged in the strategy gaming over the action gaming displayed superior attentional control, effectively filtering out distractions and maintaining their focus attention on pertinent information. Likewise, Mishra et al. (2012), again five years prior, found a similar correlation: individuals immersed in a strategy game demonstrated refined attentional allocation and sustained focus, thus indicating the potential of strategy game genres to bolster selective attention. 
Moreover, Castell et al. (2019) investigated the spatial learning through video games. Found that experienced video gamers, mainly that adept in strategy-based games, showcased enhanced performance in recalling the general location of a platform in a virtual maze. This indicated that memory was enhanced by playing video games, specifically strategy games. Additionally, Yao et al. (2015) delved into action real-time strategy gaming (ARSG), a genre that combines both action and strategy elements. Their findings revealed that experienced ARSGs exhibited higher accuracy and larger visual working memory (VWM) capacity in comparison to non-experienced in a change detection task. The study's event-related potential measurements indicated a notably larger VWM capacity in experienced gamers, thus suggesting that prolonged ARSG experience correlates with enhanced VWM. Collectively, both the above studies by Castell et al. (2019) and Yao et al. (2015) underscore the advantages of strategy-based gaming experiences in enhancing memory performance and emphasising the cognitive benefits associated with engaging in strategic gaming experiences.
In contrast to the studies by Castell et al. (2019) and Yao et al. (2015), who suggest positive effects of video game experience on cognitive abilities, Bailey et al. (2009) presented their findings, which challenge this notion. This study specifically focused on the impact of video game experience on cognitive control, specifically proactive and reactive control. Contrary to the notion of positive influence of gaming on cognitive abilities, Bailey et al.'s (2009) findings indicated a potential negative influence of video game experience on proactive cognitive control. Through this, it indicated that experienced video gamers showed no difference in the Stroop interference effect compared to low gaming experience, suggesting a lack of advantage in proactive cognitive control. Moreover, the reduction in the conflict adaption effect (the brain's adjustment in handling challenges based on past experiences, improving performance on similar tasks) and attenuation of specific brain potentials, specifically the medial frontal negativity and frontal slow wave, in experienced gamers further support the idea of a potentially detrimental effect of video game experience on proactive cognitive control. The findings outlined here serve as a critical counterpoint to the prevailing idea of a universally positive effects of gaming on cognitive functions. Highlighting the nuanced and potentially negative influences of gaming on specific aspects of cognitive control (Bailey et al., 2009).
Nevertheless, there have been many prior studies that have consistently indicated the potential cognitive advantages associated with gaming, showcasing enhancements in reaction times, attentional capacity, and working memory (Mishra et al., 2011; Simons et al., 2016) alongside the ones already discussed (Castell et al., 2019; Yao et al., 2015; Mishra et al., 2012; Papanastasiou et al., 2017). Likewise, individuals with prior gaming experience exhibit superior task-learning abilities and a swifter adaptation to diverse cognitive challenges than non-gamers (Smith et al., 2020). However, these studies present specific limitations, particularly in the comprehensive exploration of how distinct gaming genres and levels of gaming experience specifically impact memory, attention, and reaction times within a short-term temporal framework. Moreover, the absence of an ANOVA design in these studies hampers a more in-depth analysis (Szűcs & Ioannidis, 2017; Green & Bavelier, 2008). Recognising these research gaps is crucial.
Additionally, the prior research into the effects of gaming on cognitive functions does not have a specific focus. Instead, it is an overall outlook on gaming on cognitive functions. The research available does not have a specific focus on the fact that gaming is more universal and aimed at all ages. The focus of these studies is on one category, either children/adolescents or male gamers. Lacking a diverse viewpoint on whether short-term gaming genres and experience influence cognitive performance throughout all genders, ages and backgrounds. Subeh and Alzoubi's (2021) research paper suggests that males and females of all ages should be in all studies where appropriate and suggests that ignoring one side of the coin is unethical and will not accurately represent the population.
In addition, understanding the impact of gaming on cognitive performance in memory, attention, and learning can be framed through Sweller's (1988) Cognitive Load Theory (CLT). CLT explores how memory and attention are influenced by the mental effort required to process information, coined cognitive load. Cognitive load refers to the total demand placed on an individual's cognitive system while processing information or performing a task (Stiller & Schworm, 2019). In the context of gaming effects on cognitive performance, different gaming genres may impose varying cognitive loads. With their complex planning and resource management, strategy games likely impose a higher intrinsic cognitive load, potentially enhancing memory performance as players manage intricate game plans. On the other hand, action games, focusing on rapid reactions and attention, may impose a cognitive load geared toward immediate decision-making, possibly influencing attentional aspects more than memory. Sweller's (1988) theory provides a framework for understanding how cognitive loads associated with gaming genres impact memory, attention, and learning, shedding light on the mechanisms underlying cognitive enhancements or deficits in gaming experiences (Leahy & Sweller, 2011).
The rationale for the purpose of this study stems from the identified gaps within the existing body of research concerning the impact of short-term gaming experiences and gaming genres on cognitive experiences. Whilst prior studies have suggested that there are, in fact, cognitive benefits associated with gaming, such as enhancements in reaction times, attention and working memory (Mishra et al., 2011; Simons et al., 2016; Castell et al., 2017; Yao et al., 2015), there remains a substantial need to delve deeper into the specifics and by utilising both sexes, all ages and a variety of experienced and non-experienced gamers. Moreover, empirical evidence in this literature has indicated that individuals with gaming experience exhibit more efficient task learning and quicker adaption to cognitive challenges than non-gamers (Smith et al., 2020). However, the limitations of these studies have opened a gap for more research, specifically in the thorough examination of how gaming genres and gaming experience levels distinctly influence memory, attention and reaction times within a short-term context and from a diverse mix of participants. The fundamental objective of this study is to address these gaps and limitations by leveraging the empirical evidence from prior research to gain a more profound understanding of the effects of short-term gaming and gaming genres on cognitive performance.
This study aims to examine the intricate influence of short-term gaming experiences and gaming genres on cognitive performance, with a particular emphasis on memory, attention, and reaction times. By employing a robust 2x3 ANOVA design, the study seeks to conduct a comprehensive comparative analysis of cognitive task performance across diverse gaming genres and levels of gaming experience. The pre- and post-measurements involving attention, memory, and reaction time tasks will play a pivotal role in meticulously assessing these cognitive functions. The chosen gaming genres, strategy/puzzle (Mah-jong) and action/sport (Rocket League) will serve as distinct categories for comparison, enabling an insightful exploration of how different genres impact cognitive abilities within a short-term gaming context. Additionally, integrating the Cognitive Load Theory (Sweller, 1988) into this study will enable an in-depth exploration of whether gaming genres influence cognitive load and subsequent task performance differently. Ultimately, through this concerted effort to consolidate empirical findings from prior studies (Green & Bavelier, 2008; Mishra et al., 2011; Simons et al., 2016; Li et al., 2009), the research endeavours to significantly contribute to the understanding of short-term gaming's effects on cognitive performance. Overall aiming to explore the interaction effects between gaming genre and gaming experience on memory, attention, and reaction times, providing comprehensive insights into the combined influence of these variables on cognitive performance.

The hypotheses for this study are outlined below:
H1: Participants with higher levels of gaming experience (expert gamers) will demonstrate superior cognitive task performance (reaction times, memory, attention) compared to participants with lower levels of gaming experience (novice gamers and non-gamers).
H2: Participants who engage in action/sports gaming (Rocket League) will show better reaction times and attentional performance than those who engage in strategy/puzzle gaming (Mah-jong).
H3: Participants who engage in strategy/puzzle gaming (Mah-jong) will exhibit enhanced memory performance compared to participants who engage in action/sports gaming (Rocket League).
H4: Non-gamers will demonstrate greater improvements in cognitive task performance (reaction times, memory, attention) than gamers after the study tasks.
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Chapter 2: Method
Participants
A convenience and stratified sample of ** participants completed both the demographic form and consent form prior to completing tasks for the purpose of this study: ** males and ** females. Ages ranged from **?** (M =????, SD = ?? years). The participants who have taken part of this study are all from the student body at the University of Wales Trinity Saint David (UWTSD), under the Psychology and Counselling umbrella, in return for Experiment Management System (EMS) credits. Participants were recruited through the university’s EMS. Participants were aware of the purpose of the experiment and consent was gained prior to beginning tasks; consent form and information sheet was available on the EMS and in person (see appendix 1 and 2).
Design
The study has employed a mixed-design ANOVA. The independent variables (IVs) included gaming genre and gaming experience. Gaming genre had two levels: action/sport (Rocket League) and strategy/puzzle (Mah-jong), participants will be divided between both gaming genre. Gaming experience will have two levels: non-gamer and gamer; ensuring a mix of gamers and non-gamers participate in both genres. The dependent variables (DVs) included the scores from the reaction times (Reaction App), memory performance (word recall), and attentional performance (Where’s Wally) tasks. Participants completed a demographic form prior to tasks. All data was screened and cleaned prior to analysis. Three 2x2 ANOVAs was utilised.
*(See appendix 3 for Rocket League).
**(See appendix 4 for Mahjong).
***(See appendix 5 for gamer and non-gamer).
****(See appendix 6 for reaction app).
*****(See appendix 7 for word recall).
******(See appendix 8 for Where’s Wally).

Materials
· Multiple pens                        
· Plenty of white A4 paper
· Computer
· Xbox one and controller
· PowerPoint slides
· Printer and ink, both in black and colour.
· Stopwatch
· Internet access
Participants will engage in pre-test and post-test measurements across three cognitive tasks: reaction times (reaction time app), memory performance (word recall), and attentional performance (where’s Wally). The reaction task will be presented on a computer which will be through a downloaded reaction time game, this task will be recorded by the researcher with pen and paper alongside the participants unique ID number. The reaction task will be the participants reacting and having to click when they see a change of colour on the screen and will be given scores for the quicker the reaction times. The word recall will be presented on a computer screen, where 15 words will be displayed on the screen for 30 seconds and then they will have a pen and paper to recall as many words as possible in a one-minute timeframe. The words will be on a power point slide in Arial font, Black writing on a white background, bold and in size 44. Lastly, the Where’s Wally task will be printed on a white piece of paper in colour and participant’s will be timed on how fast they are able to find Wally, scores will be recorded with a pen on a piece of paper next to their unique ID number. 
Each participant will be exposed to one of the gaming genres, either the sports/action (Rocket League) or strategy/puzzle (Mah-jong). Rocket league will be downloaded on an Xbox one and participants will use the console for 20 minutes to play. Mah-jong will be on an online platform on a computer via https://www.free-play-mahjong.com/, participants will be playing this game for 20 minutes. 
The primary data will be analysed using three separate 2x2 ANOVAs, one for each cognitive task, to compare participants' performance across gaming genres and gaming experiences. The mixed-design ANOVA setup enables exploration of how gaming genres influence cognitive task performance and how gaming experience affects these tasks within each gaming genre. It facilitates an examination of both between-subjects differences (across gaming genres) and within-subjects differences (across gaming experiences) across the cognitive tasks.
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