Review of literature on adolescents' cognitive development and digital gaming
The word adolescence emerged from the Latin adolescere which means to grow up. It is the phase of transition from child to adult and starts with puberty (that happens earlier and earlier these days), it is between the age of 10 and 19 however some argues that it can be extended up to age 24. (Sawyer, 2018). Adolescence is often interpreted as the age of confusion (Steinberg, 2014). Adolescents going through many changes during this period. Their perception of the world changes, and they start to realize the differences between life as it is expected and wanted and life as it is. (Larson, 2017)
Cognitive development in adolescents refers to how their mind processes change. There are different theories of cognitive development. One of them is the information process view. It includes how adolescents acquire the information, and how this information is stored and retrieved. Information processing changes as children turn into adolescents. These changes include changes in memory, and attention and these change the process how the information being processed (Santrock, 2016).
Adolescents want to gain more independence and build their identity but there are many factors that influence cognitive development (Sanders, 2013). This review will draw upon studies that outline the relationship between digital gaming and cognitive development.
According to the uSwitch online gaming statistics, gaming starts as early as 3 years of age with 91% of 3-15-year-olds playing games on any device. 88% of the age group 16-24 plays video games and 76% of aged 12-15 years play online games in 2023. These statistics implicate a huge effect of gaming on adolescents' cognitive development.
The consequences of extensive gaming are reported by schools, parents, and psychiatry as well. The symptoms could be physical and psychiatric, for example, impaired cognitive development or poor academic performance (Andre, 2021). However, according to the literature, gaming has its positive effects.
In 2018 Ruiz-Ariza et al., investigated the effect of 8 weeks of Pokemon Go on adolescents' cognitive performance. They defined cognitive performance as the executive and inhibitory control systems, which are in charge of organizing thought, controlling behavior, and planning, and have an impact on mental ability. They stated that the most crucial factors influencing cognitive function are concentration, memory, selective attention, and the capacity for numerical-linguistic reasoning. Exercise on a weekly basis is important too, since it enhances concentration, memory, and selective attention. 190 adolescents aged between 12 and 15 years participated in their study. They have been recruited from two summer schools in Spain. 103 were in the control group and 87 in the experimental group who played Pokemon GO for 8 weeks. They did not explain how the participants were sorted into the two groups. They used a 1-minute ad hoc test to assess memory and recorded the scores. To assess selective attention and concentration a d2 Test of Brickenkamp was used. Regarding the physical activity, the data stored by the app itself was recorded: the distance traveled and the daily game time. However, they do not talk about how they made sure that the distance traveled was achieved by actual physical activity like walking or cycling and not driving a car for example. They measured the participants’ cognitive performance at the beginning of the 8 weeks and afterward. Their results showed that players spent an average of 39 minutes a day playing the game and the average total distance was 54 km. The players also completed a questionnaire and their answers showed that 64% mostly played with others, 73% thought that Pokemon Go could be a dangerous game, 54% stated that the game made them feel happy and 57% felt more motivated to go outside. There was a difference between boys and girls regarding the question of why they play, with boys more likely to play for fun and girls because they were bored. They ran an ANCOVA analysis that showed there were no main interaction effect for memory. However selective attention scores were 13% higher in the experimental group after the 8 weeks and sociability scores also increased by nearly 10%. Concentration in the experimental group was 19% higher after the 8 weeks. (Ruiz-Ariza, 2018) Their findings showed that playing this game is actually beneficial in many aspects so it could be used at home or in school to improve cognitive performance. However, it is important to note that his study was limited only to one game and it was an active game. It does not include any other type of gaming when individuals actually sit in front of a console or the computer. Since active digital games incorporate elements of both digital games and physical activity, they offer a special platform for executive function intervention. (Flynn, 2018)
There is evidence that some games have a positive effect on executive function. Executive function refers to a set of mental skills that help individuals plan, organize, initiate, and complete tasks. These skills are essential for managing and regulating one's behavior to achieve goals (Santrock, 2016). It involves a range of cognitive processes and abilities that work together to enable individuals to navigate the complexities of daily life. Executive function is one of the cognitive processes that might be influenced through engagement with digital games (Blumberg, 2013). This is why it is so important in adolescence as it is not just goal-directed behavior but also plays a role in practicing self-control. Today computers and tablets can be found in most classrooms. Not just because technology is such an important part of our lives but because digital learning shows some positive effects on one’s learning. (Uluyol, 2016)
Yang in 2012 conducted a study that focused on problem-solving skills and learning motivation. They argued, that just as playing chess or hide-and-seek or engaging in imaginative play leads to cognitive and emotional development in cultural and social contexts, game-based learning helps to discover and explore while constructing concepts in different scenarios. In digital game-based learning, adolescents develop new skills through problem-solving and overcoming challenges while they also get a sense of achievement. Players find themselves in different scenarios where analyzing strategies and organizing information are crucial therefore it helps to understand their decision-making process. Their study aimed to investigate how effective is digital gaming-based learning. As gaming is one of the general interests of adolescents it could have a positive effect on motivation as well (Prensky, 2001 as cited in Yang, 2012). They had 44 15-16-year-old participants from two classes. The students were divided into two groups randomly, the experimental group (20 students) and the control group (24 students). They met three times a week for a 45-minute-long session for 23 weeks. While the experimental group received digital game-based learning built into their lessons, the control group participated in traditional lessons. For the first topic, economics, they used the game Tycoon City: New York which is a virtual city-building game. During week 12 they took a mid-test. In the second half of the experiment, they used SimCity Societies to learn about global issues. Their results showed no difference between the groups in problem-solving skills on the pre-test. The results of the mid and post-tests showed no significant difference in the control group, their scores were statistically the same as the pre-test scores. However, for the digital game-based learning group while there was no significant difference between the pre and mid-tests, their problem-solving skill scores were significantly higher on the post-test, which showed a great improvement. They also found a large significant effect for instructional strategy (traditional or digital game-based) regarding learning motivation. Additionally, they did not find any significant difference between the two groups’ academic achievement. Yang (2012) stated their study supports the idea that game-based learning is effective in improving higher thinking processes like problem-solving. However, their study was limited in a way, that their sample size was rather small and only involved 15-16 years olds, a very small part of adolescents. Also as gaming in this study happened in a controlled, educational environment, the game was chosen by the instructor, this study does not reflect on gaming at home or the popular games that adolescents are most likely to play in their own space. Time for gaming was also allocated so it does not draw upon possible extensive gaming effects that is an emergent health issue as 30% of male and 5% of female adolescents were categorised as extensive gamers (playing more than 3 hours a day on PC or gaming console) (Andre, 2021). Internet gaming disorder is now acknowledged by the DSM-5. Because adolescents cognition is not fully developed and they are in a state of constant reward seeking, they could be in risk for addictive behaviour (Li, 2020).

As mentioned earlier, gaming in a controlled environment is different from gaming at home. Dindar (2018) investigated the links between gaming and complex problem-solving skills and his findings were slightly different from Yang’s. In a complex problem, there are a lot of factors that are closely related to one another. Complex problem-solving skills are very important in today’s society, especially in the workplace (Funken, 2012 as cited in Dindar, 2018). Dindar stated, while playing video games the individual will explore scenarios collect, analyse, and organise related information, and will have to develop strategies in order to reach a higher level in a game. Therefore, some of these games will be useful for developing or advancing problem-solving skills. There were 479 participants in Dindar’s study. 227 9th graders. 101 10th graders, 87 11th graders and 64 12th graders all from Turkey. They all volunteered to participate in the study. It is important to note that their sample is not representative of the world’s adolescent population. The participants had to complete a creative problem-solving test and answer questions about their gaming behaviour: gaming time, gaming frequency, gaming experience (pc, console, mobile, etc.), game genre, gaming level, academic success (GPA) video game self-concept scale and playing alone versus playing in teams. Results showed that while boys prefer shooter, role-playing, and sports, racing and simulation games girls prefer brain and skill, sports, racing and simulation, and action and adventure games. Girls had higher GPAs and higher scores on the complex problem-solving tests. The study explored the correlation between video game play, academic success, and complex problem-solving skills in several dimensions including gaming frequency and experience, etc. but no significant correlation was found with any of the dimensions, academic success or complex problem-solving skills. Dindar’s study was limited by self-reported gaming behaviours so they might not display these correctly also only the most popular games were taken into consideration.
Time spent with gaming is another important variable when researching gaming effects. According to Nagata (2022), the COVID pandemic led to an increase in the time that individuals spend in front of a screen, including playing video games. He stated that data acquired from 5412 adolescents aged between 12 and 13 years shows that adolescents spend 1.44 hour per day with multiplayer gaming and 1.17 hours a day with single player gaming.
In 2019, Ozcetin et al. carried out a study that demonstrated the negative effect of gaming on cognitive functions. Their study aimed to explore the effects of video gaming on cognitive functions in individuals who play more than 4 hours a week. Their participants were between the age 10 and 16. They had two groups, one including the gamers who played more than 4 hours a week and a control group made from those who played less than 4 hours. From the initial 236 questioned individuals 46 took part in the study and the control group had 31 participants. All participants completed an intelligence tet (WISC-R), a verbal fluency test (The FAS verbal fluency), a trail-making test (TMT A-B) to measure attention to speed, visual screening, etc. They also completed The California Verbal Learning test – children’s version (CVLT-C), the Benton visual retention test (BVRT) and a Stroop test. The adolescents reported playing five different types of games: first-person shooter games, real-time strategy games, online role-playing games, adventure/action games, and survival/platformer games. The results showed that compared to the control group the gamers made more errors on the TMT B test (the most errors were made by those who play first-person shooter games) and while their recall time on the Stroop test was better, they made more errors. Also, their total recall scores were significantly lower in the CVLT-C, however, the gaming group scored higher on the visual memory test with the strategy game players scoring the highest. Based on Ozcetin et al.’s results the time spent playing video games directly affected the differences between the two groups. However, their study had its limitations, firstly their sample size was rather small and it would be interesting to replicate it with a bigger sample size, also the information regarding how much time the games spend with video gaming has been acquired from parents so it might not reflect the actual time. Additionally, their participants were 90% male. It is also important to note that there were differences between scores between the different game type groups and as they did not have information about the participants' prior gaming experience the result might affected by the type of games they were playing beforehand.
In conclusion, research regarding gaming and cognitive development is controversial and understudied. There are many variables that need to be accounted for. Gaming in an educational setting, such as game-based learning with an instructor leading is effective in the improvement of problem-solving skills and higher cognitive functions (Yang, 2012). However, when gaming is simply just gaming and not for educational purposes, findings are controversial. Another important variable is the time that the individual spends with gaming (Andre, 2021). Also, there is a difference between game types, exergames or active games for example showed positive effects because of the physical activity element and the difference between the genre of the game also can be an influence on cognitive processes (Ozcetin, 2019). Therefore, there is a need for more detailed and extensive research in this field. 
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