A review of literature on Cognitive Development in Adolescence

Adolescence has been described as a prolonged stage of development whereby many changes occur, physically through hormone changes, puberty, and growth, socially, by developing peer friendships, romantic relationships, and growing independence from parental supervision, and psychologically through cognitive development (Ciccia et al., 2009). It is now considered to span an increasingly lengthened period from age nine in early or pre-adolescence at the onset of puberty, to twenty-five years in late adolescence or early adulthood when, as literature suggests, brain maturation is reached and academic and financial independence is achieved (Galvan, 2017). Cognition refers to the mental processes and functions of the brain for acquiring information and knowledge, by the way it is organised, stored, and used and it affects the way in which we think, feel, behave, and the language that we use. Theorists agree that cognitive development is influenced by many internal factors, like growth and heritability and puberty, as well as external factors such as the environment in which we live, our experiences, relationships, and culture (Ciccia et al., 2009; Dumontheil, 2016). Since the development of neuroscience and neuroimaging the study of cognitive development has advanced significantly to deepen our understanding of brain development and mental processes during adolescence,  and it is recognised as a crucial time for cognitive development where important structural changes in brain regions and their neural pathways occur, with particular focus on the development of the prefrontal cortex, which according to literature, is linked to the development of executive function (a broad term for complex high-order cognitive abilities ) which is fundamental for cognitive development during adolescence into emerging adulthood (Blakemore & Choudhury, 2006; Murty et al., 2016; Romer & Pizzagalli, 2021). This review will look at the cognitive development that occurs in adolescence with particular focus on the development of EF during adolescence and how this impacts life outcomes for the developing adolescent. 
Executive function is regarded as an umbrella term for high order complex cognitive abilities including working memory, inhibitory control, cognitive flexibility, planning, reasoning, and problem solving that are used to guide goal oriented behaviour, manage daily tasks, social interactions, self-regulation and understand complex abstract thought such as metacognition (Cristofori et al., 2019). It is of particular importance that cognitive development in adolescence is studied so that the impact of cognitive development and EF on the developing adolescent health and life outcomes can be improved upon. It is widely recognised that health behaviours are developed during adolescence, for example, smoking and physical fitness habits, and begin to engage in driving, sexual experience and substance use that can shape their future lives. According to Viner (2012) in the annual report for the chief medical officer it states that mid adolescence is a vulnerable period for engaging and risky behaviours with injury being the highest rate of mortality in adolescence. As adolescents make up 12% of the UK population (20% globally) then it should be a high priority for Government policy in order to provide quality care and services for adolescence to support their development.   
Information Processing Theory (a theory of cognitive development), suggests that the mental processes involved in cognition include attention, memory, and executive function (EF), and emotion regulation (Santrock, 2022) and is supported . Cognitive development using the Information Processing Theory framework, as supported by Dumontheil (2016), suggests that the speed and capacity for information processing and the effective use of cognitive resources increases through childhood and adolescence into early adulthood (Viner, 2012) meaning that adolescents are better at organising and processing cognitive resources, with increased speed and capacity compared to children and are also able to use multiple facets which differs to the abilities of children. In addition, young adults are more effective cognitive function, speed and capacity for processing information than adults (Blakemore & Choudry, 2006; Santrock 2022).
Firstly, a study of four components of EF (planning, inhibition, working memory and cognitive flexibility) across the lifespan, from adolescence to old age, by Ferguson et al. (2021) proposes that EF is linked to the development of the prefrontal cortex (PFC) region of the brain, which undergoes significant structural changes during adolescence. This is a commonly supported theory, for example, Galvan (2017) believes that the PFC is involved in EF and Friedman and Robbins (2021) agree that the healthy development of the PFC is associated with cognitive control and EF which support behaviour and self-regulation. However, further add that different regions of the PFC are involved in different aspects of EF, such as impulse control that are more weakly related to PFC development. Therefore, suggest different measures and more research is needed to gain better understanding of how the PFC and EF development is related considering neural connectivity. The aim of the study carried out by Ferguson et al., (2021) was to understand when age related differences in EF emerge and investigated this in a large cross sectional community sample of participants aged 10-86 years. The findings reported that working memory, inhibitory control and planning improved across adolescence into early adulthood which aligns with the theory that significant cognitive development occurs during adolescence and supports the suggestion that speed and capacity for information processing improves during adolescence. In addition to the four lab based experimental measures of EF which included a stroop word colour test for inhibition, an operation span of maths equations and letter sequences for working memory, task switching measure for cognitive flexibility and a tower of Hanoi task for planning, the study carried out a Socio-economic status (SES) measure including parental education level, household income and occupation and an IQ test using the Weschler Abbreviated Scale of Intelligence 2nd edition. This was to control for SES and IQ level as previous literature has shown that both childhood SES and IQ have an influence on EF with higher IQ ability resulting in higher levels of EF and low childhood SES resulting in poor levels of EF. 
A strength of the study was that it was a large sample and that the measures were chosen so that they were appropriate for all the participants which meant that they could be directly compared across all ages. However, there may be some cross-sectional bias for the cohort sample, and this could be investigated in a future longitudinal study. It should be noted that gender was not controlled for in this study, and it was reported that this was not an even distribution (232 female 118 male) which has potential for some difference in the findings as literature supports that there is some gender differences found in adolescent brain maturation due to onset of puberty differences (Ciccia, 2009; Corrigan, 2021; Galvan,, 2017). The relevance of this study suggests that improved EF can lead to improved quality of life from self-report measures whereas low EF may contribute to health issues, social problems and poor productivity and therefore, adolescent interventions to improve EF would be beneficial to individuals at risk and promotes the use of screening for vulnerabilities.      
Neuroimaging studies have looked at the structural changes that occur during adolescence to explain the development of EF during adolescence into early adulthood such as Norbom et al. (2019) who examined patterns of myelination in the brain in this experimental study. Myelination is the process whereby myelin forms a sheath around the axons of the neural pathways in the brain strengthening and protecting the neural connections within the brain regions, which leads to an increase in white matter and a decrease in grey matter in the brain. As stated by Norbom et al. (2019) this is critical for increasing speed in neural signalling which allows for faster communication of neural networks in the brain allowing improved cognitive function. According to Nickel and Gu (2018) who agree, this is central to the development of EF and high-order complex cognitive abilities. Norbom et al. (2021) experimental study accessed the publicly available Philadelphia Neurodevelopmental Cohort MRI data to investigate the grey/white matter contrast (GWC) across ages, general cognitive ability, and psychopathology. The participant sample was large (N=1467, 776 female) and the participants ranged in age from 8-23. The measures used a mixed method approach of interviews, cognitive assessments and MRI scans which were quality controlled. The finding of interest showed an age-related decrease of GWC across adolescence into early adulthood which is likely to indicate the myelination process that occurs during adolescence and signifies brain maturation in early adulthood. To emphasise the importance of myelination to cognitive development in adolescence, this study indicates that poorer cognitive function was associated with a larger GWC meaning less myelination had occurred. 
In addition to the last study, Corrigan et al. (2021) found gender differences of grey and white matter through the process of macromolecular proton fraction (MPF), used for mapping myelin density, in a study of 9-17 year olds. Substantial increases in white matter were found during adolescence but the differences in gender found could point towards the cognitive development changes due to the difference in timing of pubertal changes. Current literature supports the maturation of the PFC and myelination during adolescence and into early adulthood, but it should be noted as Dumontheil (2016) states that this is one of the last brain regions to reach maturation which is linked with EF and cognitive control. He supports the mismatch model in his research of adolescent brain development suggesting that the earlier maturation of the hippocampal regions and the amygdala that are involved in emotion and reward responses mean that adolescents are sensitive to sensation seeking and impulsivity, particularly around peers leading to an increase in engaging in risky behaviours due to immature social cognition and cognitive control. 
In addition to myelination, it is a period where synaptic pruning takes place, stripping away unused neural pathways (Dumontheil, 2016) making the developing brain regions more effective for faster communication of neural pathways implying that adolescence becomes a period of brain plasticity during cognitive development. These changes create the development and advancement of cognitive and social abilities and as Dumontheil (2016) states, is a time of sensitivity for interventions to improve cognitive abilities which suggest a potential for brain plasticity and flexibility through learning, the study of which is important for education and social behaviour purposes. 
However, Romer et al. (2017) points out in his study that while risk taking peaks during adolescence, it should not be assumed that this is due to imbalances in cognitive development alone. It is believed that the role of experience plays a crucial role in EF development alongside myelination and synaptic pruning. While it cannot be ignored that adolescent decision making and judgement is impaired due to immature brain regions and a developed limbic system, significant factors such as experience, type of risk, dopaminergic activation, experimental versus real world risk are being overlooked and therefore too much emphasis is being placed on mismatch models. 
It was found that in a go/no task, 16 and 17 year olds performed at the same level as adults and in go/no-go tasks, while early adolescents performed with less cognitive control than adults, late adolescents performed with equal or better cognitive control than adults.  He therefore suggests that sensation seeking and impulsivity are not one and the same, while impulsivity is driven by the limbic system, sensation seeking may be driven by engaging in dopamine activity which has been found to increase EF, working memory and cognitive control (Luna et al., 2015). This was further supported by finding that sensation seeking was positively correlated to PFC activity while impulsivity was negatively correlated to PFC activity meaning they are driven by different brain regions and could be extended to impulsivity not being related to EF development. 
While sensation seekers may engage in novel experiences as stated by Luna et al. (2015), but not be involved in negative outcomes, adolescents who engage in impulsivity are more likely to sustain an injury due to risky behaviours. The model being put forward by Romer et al. (2017) is the life span wisdom model which includes the factor of experience in the cognitive development of EF, due to mis alignment of imbalance in cognitive development peaking at mid-adolescence but risk behaviours peaking at late adolescence. Critics would suggest however that it is due to the opportunity and availability of risky behaviour engagement in late adolescence due to more freedom from supervision and availability of substances and driving that the delay in risk behaviour occurs (Duell, et al., 2017)
A study by Duell et al. (2017) identified age patterns in risk taking across many different countries and cultures, looking at risk taking propensity and real world risk taking in western and non-western societies. Globally, risk taking in adolescence is of concern and a leading cause of mortality. Previous world literature supports that risk taking increases through adolescence and reduces in adulthood.  In a very large sample of 5.227 participants aged 10-30 in a diverse range of countries, cultures, race, ethnicity, religion, education, parenting, health, income they found that risk taking was generally highest in late adolescence. All research was conducted carefully by fully trained researchers and was translated to avoid any discrepancies. Self reports were administered for the real world risk taking scores in frequency and risk types (health and anti-social). For the lab based experiments that measured risk-taking a stoplight measure was conducted and a Balloon analogue risk task was conducted.  While patterns were consistent across age groups showing an inverted U-pattern peaking in late adolescence, it was the risk-taking propensity task that had the highest consistency across cultures which indicates that adolescents have an inherently inclined to engage in risk taking behaviours worldwide, not limited to western cultures. 
A further study suggests that there are some factors that can contribute to poor cognitive development in adolescence affecting EF. This quantitative study used the National Longitudinal Study of Adolescent to Adult Health and was conducted by Hawkins et al. (2021) and suggests that both threat type and deprivation type adverse childhood events (ACE’s) can lead to poor cognitive function, specifically alterations can be seen in the hippocampal, limbic and prefrontal cortex regions which affect many mental processes. This study included wave 3 of 18-24 year olds who self-reported their history of ACEs. In wave 4(age 24-32)  and Wave 5 (age 32-42) the participants (n=1277) were asked to complete cognitive function tasks which measured immediate and delayed verbal memory using the Rey Auditory Verbal memory task, and a digit span backward test measured working memory. The factor allowances that were controlled for in cognitive ability tests were alcohol abuse, cigarette abuse and baseline verbal ability as these have been evidenced to affect cognitive ability tests. The hypothesis was supported and the findings showed that ACEs have lasting effects on neurocognitive function leading to cognitive impairment and have the potential to lead onto negative life outcomes. Lower working memory scores conclude that EF is affected by early deprivation and therefore high order cognitive ability is impaired leading to lower ability in self-regulation and cognitive control, problem solving, planning and metacognition. Limitations of this study include the bias in cognitive testing and race, signs of chronic stress are concurrent with poor cognitive function which was not accounted. The cognitive test measures only included three items which will limit the many facets of cognitive ability and executive function (Ferguson et al., 2021).
In conclusion, significant structural changes occur within the brain which advances cognitive development and specifically, EF during adolescence, where advances in inhibitory control, decision making, planning, reasoning, working memory and metacognition are seen in healthy development. There is an inverted U- pattern seen in cognitive ability that peaks in late adolescence and early adulthood that is also correlated with risk behaviours. There is evidence that some factors such as SES, ACEs and intelligence can affect adolescent cognitive development and EF, meaning some individuals have a significant vulnerability to negative life outcomes. However, research indicates that if screening can occur and interventions can take place during optimum brain plasticity then some protective factors can be put in place to improve outcomes for adolescents futures (Mayer et al., 2019). This should be supported by multi-agency approaches in policy, health care, education and social services for the benefit of our future society. 
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