Part 1: Critically review one theory that underpins our understanding of cognitive decline in old age.
Chronological ageing is associated with an increased risk of cognitive decline, a consequence of the normal ageing process, occurring even without overt neurodegenerative diseases such as Alzheimer’s or Parkinson’s (Bettio et al., 2017). Pronounced structural changes occur in the brain during old age with various factors such as atrophy, inflammation and reduced plasticity in the hippocampus resulting in progressive impairments of critical functions such as declarative and spatial memory function (Bartsch & Wulf, 2015). Other changes that can occur in old age, such as an alteration in neurons necessary to engage in cognitive processes, and a declination of the volume of cerebral grey matter in the frontal and parietal lobes, are part of biological ageing processes that affect cognitive function (Gonzales et al., 2022; Zieglar et al., 2012). The process of cognitive decline varies amongst individuals, with the determinants of the differences being unknown. Still, factors such as gender, general medical, physiological, dietary and lifestyle contributions all affect the rate of decline in cognition in the elderly (Deary et al., 2019; Ancelin et al., 2014). In addition, heritability studies estimate the heritability of general cognitive function to be approximately 50%, suggesting the likelihood of genetic influences on age related cognitive decline (Deary et al., 2004; Deary et al., 2009). Cognitive decline does not affect every person in their old age; nevertheless, there is an estimated risk of between 30% and 40% of developing diminishing cognitive function after age 65 (Schikowski & Altug, 2020). 
Age related cognitive decline causes impaired reaction time, memory, processing speed and attention (Petrella et al.,2014). Additionally, mobility, which requires complex and coordinated movements, as well as executive functioning, which involves planning, initiating, and executing actions, is affected (Buchman et al., 2011; Vazzana et al., 2010). It has been suggested by Palve and Palve (2018) that as neural conduction velocity decreases, muscle power may decrease, resulting in physical impairment as well as cognitive decline. 
In the UK, there are approximately 15.5 million people aged 60 and above, accounting for around 23% of the population. 3.2 million of these people are aged 80 and above, with 900,000 of these being aged 90 and over (Office for National Statistics, 2020). The Office for National Statistics (ONS:2022) predict life expectancy at birth in 2020 to be 88.7 years which is expected to increase to 91.35 years for people born in 2045. In comparison, 9% of the world’s population was aged 65 or above in 2019, rising to an estimated 16% by 2050 (United Nations, 2022). Globally, in 2018, persons aged 65 or over outnumbered children under five for the first time in history (United Nations, 2022).
Due to the expanding ageing population, the need for interventional strategies to prevent cognitive decline is becoming more pressing, especially as cognitive failure is responsible for 40% of admissions to institutional care in the UK, and it is recognised as a precursor to dementia, illness, and death (Deary et al., 2009). Lee et al. (2019) conclude that cognitive decline is among the most significant of issues affecting the ageing population due to its association with significant medical comorbidity and psychological sequelae and is described by Deary et al. (2009) as the most feared aspect of ageing, as well as being the most costly financially, personally, and socially.
There is a high prevalence of memory problems in the elderly, so a study of age-related changes in memory function has both practical and theoretical relevance. (Hertzog & Dixon, 1994). Memory can be defined as the ability to retain something, such as information, over an interval extending beyond its physical presence. Repetition of the remembered action or object name, or evidence of the object or action's influence, proves memory (Connor, 2001). According to both neuropsychological and cognitive research, ageing affects both memory and cognition (Shimamura, 1994). Berherer et al. (2013) specified that working memory is particularly prone to deterioration as cognition declines.
Birren (1974) theorised that cognitive decline occurs due to the generalised slowing down of abilities. Several studies have demonstrated that, as part of the normal ageing process, many people experience a decrease in their processing speed (Salthouse, 1985). A study by Salthouse (1991) suggests that processing speed is an essential construct in human cognition, associated with explicit changes in neural structure and function as well as higher-order cognitive processes like reasoning and abstraction. Thus, a cornerstone of integrative cognitive ageing theories may be processing speed (Salthouse, 1995).
According to Finkel et al. (2007), processing speed appears to be the most significant indicator of memory decline. They conducted a longitudinal study to clarify how cognitive decline occurs among ageing populations, sampling 806 participants, composed of twin subsets aged 50 to 88 at the first measurement wave. Participants with a diagnosis of dementia were excluded, and those who developed dementia during the study were excluded from the analysis. In person testing was used to carry out a battery of tests using the longitudinal Swedish Adoption/Twin Study of Aging (SATSA; Finkel & Pedersen, 2004). Four cognitive domains can be identified by SATSA; verbal abilities, spatial abilities, memory, and processing speed. The data collection was completed in five waves over sixteen years using various tests to measure the four cognitive abilities, with symbol digit and figure identification being used to measure processing speed. Univariate analysis of the results found that over time, all four factors declined; however, accelerated decline was steepest for speed factors. A bivariate analysis of the four cognitive factors was also conducted, with the speed factor hypothesised to be a leading indicator of age-related changes in the other elements. There was only a modest correlation between speed and verbal factors, but speed was a leading indicator of both spatial and memory characteristics, yet not the reverse. The results support the hypothesis that processing speed is a leading indicator of fluid abilities based on the processing speed theory of ageing.
Unlike Finkel et al. (2007), Albinet et al. (2012) claim that processing speed is not the sole cause of age-related cognitive decline. Specifically, they aimed to understand which of these competing theories best explained cognitive decline in older people, the processing speed theory or the prefrontal executive theory. Their study sampled a total of 67 participants, 28 young adults (18–32 years) and 39 healthy older adults (65–80 years) free from any neurological disease, including dementia. Participants performed a battery of nine neuropsychological tests, three of which tested the speed of processing and consisted of a simple reaction time task (SRT), a choice reaction time task (CRT), and a digit symbol substitution task. This study’s primary objective was to examine the relationship between executive functioning and processing speed however, Albinet et al. (2012) concluded that not only does processing speed play a limited role in the relationship between executive functioning and age, but also that older adults' performance on tasks depends on functions other than processing speed. According to their findings, although processing speed can undoubtedly contribute to age related deficits in cognition, processing speed alone cannot explain age-related cognitive decline.
As discussed above, the prefrontal executive theory is a competing theory to the speed of processing theory. Based on the work of Dempster (1992), West (1996) formalised executive functioning and hypothesised that higher order cognitive functions, including control and coordination of basic cognitive operations, are susceptible to natural ageing effects (Phillips & Henry, 2008). Clarys et al. (2009) examined the relationship between executive functions and memory decline with age. Their study sampled 88 participants, 44 young adults (18-33 years) and 44 older adults (61-85 years), who were screened for dementia before the study commenced to ensure that no participant had dementia. A recognition memory test was conducted using the Remember/Know/Guess method, as well as tests of executive function (Wisconsin Card Sorting Test, Number-letter Task, 2-back Test, and Stroop Colour-Word Test). Following West's (1996) executive decline hypothesis, participants older than 50 significantly declined in both complex and specific executive function tasks, supporting the hypothesis that specific executive deficits can cause a decline in memory efficiency with age. 
Based on the evidence above, it appears that the evidence is more substantial for the speed of processing theory; however, there is insufficient evidence to definitively conclude why memory declines with age. More research is needed to explore this incredibly important topic using a multivariate approach to understand the complex relationships between cognitive decline and brain ageing.
Part 2: Using empirical evidence, critically discuss how an individual could slow down cognitive decline.
Due to the increasing ageing population and the frequency of cognitive decline in older people, there has been increasing interest in assessing how certain lifestyles may prevent or slow down cognitive decline (Erickson & Kramer, 2009). According to Nissim et al. (2020), there is evidence to suggest that physical activity is beneficial for decreasing the cognitive effects of ageing, with research indicating that strength training, also known as resistance training, can be particularly helpful for the elderly (Pate et al., 1995). Busse et al. (2008) looked at the effects of resistance training and its impact on cognitive performance by using a battery of tests to measure the results of a training programme on thirty one sedentary elderly participants varying from 62 to 86 years. To assess cognition, four tests were used, The Cambridge Cognitive Test (CAMCOG), The Rivermead Behavioural Memory Test (RBMT), The Memory Complaints Scale (MCS) and The Wechsler Adult Intelligence Scale (WAIS). Participants were split into two groups, with the study lasting nine months. During this time, the physical activity group (PA) and the control group were assessed for their cognition skills at intervals. Overall, the results showed a significant improvement in cognitive function in the group who participated in resistance exercise. The PA showed an increase of statistical significance, which supports the hypothesis that resistance exercise has a positive role in cognitive functioning. However, this study has several limitations, such as a small sample size and the research being conducted over a relatively short period. The main disadvantage was that whilst there was an overall improvement in cognition in the PA, which were mainly reflected in the results of the RBMT, some tests did not report an improvement in cognition. The results of the CAMCOG showed a significant increase in cognition in both the PA and the control group; however, there was no statistical difference between the groups. Therefore, part of the results supports the hypothesis, but part does not, depending on which cognitive test is used.
A further limitation of this research methodology is that there is no indication of whether the sampled participants are single/widowed people living alone or with a partner/spouse. This confounding factor could significantly affect the results, as research suggests that living with others could be a protective factor for cognitive functioning (Hakansson et al., 2009; Mousavi-Nasab et al., 2012). On the other hand, research by Evans et al. (2019) concluded that living alone is not associated with a decline in cognitive function. 
Arguably, resistance training provides a greater opportunity for social interaction, which could have contributed towards improved cognition in the PA as opposed to the activity itself, as elderly people who are more socially active experience a lower rate of cognitive decline (James et al., 2020). However, to contradict this theory, experimental research by Dause and Kirby (2019) concluded that the direct role of social interaction in preventing cognitive decline is not known, and that the biological effects of the exercise cause an increase in hippocampal volume resulting in cognitive enrichment. Similarly, Liu-Ambrose et al. (2010) conducted a study of home based exercise in elderly participants, concluding that exercise does not have to occur within the context of social engagement to be effective. On the other hand, Fabre et al. (2002) propose that combining physical exercise plus mental stimulation through social interaction leads to a more significant improvement in cognition than either factor alone. In addition, it has been argued that the intensity of the exercise improves cognitive performance, suggesting that increased sociability alone is insufficient (Brisswalter et al., 2002).
As discussed above, evidence suggests that social interaction affects cognitive decline, with observational studies agreeing (Glei et al., 2005). A study by Hikichi et al. (2017) looked at the effects of community based social interaction on cognitive decline by conducting a longitudinal study of 2,793 participants aged 65 or older in Takeyato, Japan. This seven year intervention programme was carried out by assessing each participant who attended a community based centre to congregate and participate in social activities such as arts and crafts, games, social activities, and visits from children. Participants were assessed using a standardised questionnaire, and results were gathered using questions derived from The Kihon Checklist (KCL) and measured using a Marginal Structural Module (MSM). Results supported the hypothesis statement and showed an overall improvement in cognitive function, with a notable association made between the frequency of attendance at the community centre and the prevention of cognitive decline. Unlike the study by Busse et al. (2008), due to the size of the sample, the effects of social interaction were more likely to be measured with greater precision, since the sample is more representative of the population (Mesa-Martinez et al., 2014; Brown, 2015). In addition, this longitudinal study was carried out over a much extended period, so it clearly identifies and relates the correlation between community social interaction and cognitive decline, further defining this correlation concerning presence and chronicity. In addition, this study considers the confounding variables with far more precision. It recognises the need to treat household income, drinking and smoking, walking time, depressive symptoms, and comorbidities such as stroke, heart disease and hypertension as potential confounding difficulties. Despite this, the research did not consider whether participants live alone; the importance of this has been discussed above.
A limitation of this research methodology is that cognition was assessed very simply by asking three questions taken from the KCL, a questionnaire comprising 25 questions with an option of yes/no as a response. Studies by Fyock (2015) and Abner et al. (2015) evidence the value of evaluating cognitive complaints using a yes/no answer, however comparatively, the KCL has been compared against Comprehensive Geriatric Screening (CGA) and is better at detecting frailty as opposed to cognitive functioning. Debatably, three questions are not enough as although structured questionnaires should be short and quick to complete, a more stringent and scrupulous questionnaire will yield more valuable data, with a lack of rigour potentially leading to poor quality data (Simon, 2006; Murray,1999; Boynton & Greenhalgh, 2004).
Undoubtedly the proposition of community based social interaction for the elderly appears to be a good option for slowing down cognitive decline, however attendance at such interventions could be problematic for older people due to barriers such as lack of access to private transport, low morale, and declining physical health (Victor et al., 2009; Iliffe et al., 2007; Barnes et al., 2006).
Conclusively, accurately measuring how cognitive decline can be decelerated depends on what type of cognitive task is used to measure results. There is a need for more studies of higher methodological quality, possibly using a smaller battery of cognitive tasks with more attention being paid to the participants' living situations. It appears that social interaction is the strongest contender; however, it would not be ethical to remove social interaction from older people to investigate this further. Although exercise and social interaction both appear beneficial in slowing down cognitive decline, access is not always easy for the elderly. There are other ways to slow down cognitive decline, such as diet and cognitive tasks, that have not been explored in this essay.
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