Assessment 1 – Critical Review
Part 1: Critically review two theories that underpin our understanding of cognitive decline in old age.
Part 2: Choose one of the theories reviewed in part one and discuss how an individual could slow down cognitive decline.
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Part 1
It is widely accepted that cognitive decline is an inevitable part of aging (Tuokko & Smart, 2018; Verhaeghen, 2011). However, what is less certain is when, why and how cognitive decline takes place (Tuokko & Smart, 2018). Verhaeghen (2011) claims that there is no such thing as normal aging, particularly when it comes to cognition and its inescapable decline. Given that cognition has been defined as “the internal interpretation and transformation of stored information” (Smith & Kosslyn, 2014, p. 3) and that it helps humans to make sense of what is happening in their environment and to judge how to behave accordingly (Eysenck & Keane, 2020), its decline throughout aging is understandably a cause for concern and an area of interest as most people who live to see old age will experience it to some extent. Cognitive decline can cause impairments in attention, perception, learning, memory, language, problem-solving, reasoning and thinking (Eysenck & Keane, 2020). Its effects can be significant and far-reaching (Verhaeghen, 2011) and can considerably affect an aging individual’s quality of life. Moreover, the proportion of older people in the UK population is increasing (Office for National Statistics, 2018), making cognitive decline even more pertinent and necessitating strategies to deal with and slow its effects (Park & Festini, 2016).
This review will critically consider theories and interventions relating to cognitive decline in old age in two parts. Part one will critically review two of the major theories that underpin our understanding of age-related cognitive decline – levels of processing theory and speed of processing theory. Part two will discuss how an individual could slow down cognitive decline according to the speed of processing theory.

Levels of Processing:
For many years, theories on memory revolved around multi-store models (Craik & Lockhart, 1972). However, in 1972, Craik and Lockhart introduced the landmark levels of processing theory which significantly impacted the study and understanding of memory and opened limitless new avenues for research (Park & Festini, 2016). Their unstructured model theorised that rather than viewing memory as a transfer and storage centre – a view which was plagued with questions around the limitations of both processing and storage capacity – they suggested that memory was processed in sensory levels ranging from shallow and physical to deep and semantic and that the greater the sensory experience, the deeper the processing and better the retention (Craik & Lockhart, 1972; Eysenck & Keane, 2020; Smith & Kosslyn, 2014). Essentially, stimuli which were experienced and encoded at the deepest semantic levels would be the most likely to abide with the individual. In general Craik and Lockhart’s theory was well-received and has been well-supported through many years of research (Eysenck & Keane, 2020; Smith & Kosslyn, 2014). However, particularly in the decade following its publication, it received rigorous critiquing (Lockhart & Craik, 1990; Park & Festini, 2016).  In 1978 two major criticisms of the theory emerged. First, Eysenck published a critique stating that depth was not the only important variable. He also observed that Craik and Lockhart focused mainly on input and drew particular attention to the theory’s limitations with regards to item retrieval, identifying the possibility of potential problems should there be a mismatch between encoding environment and retrieval environment which could ultimately hinder output. In a recent article (2020), Craik acknowledged that Eysenck was justified in pointing out their initial oversight of retrieval in favour of encoding and expressed an alignment with Tulving’s encoding specificity principle which says that a stimulus needs to be processed similarly during both encoding and retrieval to be remembered (Smith & Kosslyn, 2014). This hypothesis, however, has been challenged by the idea of retrieval cue efficacy, which emphasises the effectiveness of cues for successful memory retrieval (Eysenck & Keane, 2020). Whilst contrasting two concepts regarding isolates, Chee and Goh (2018) tested the effectiveness of retrieval cue efficacy. Participants were presented with a list of birds, one of which was ‘kiwi’, also a type of fruit. By informing one group of participants that one item would also be a type of fruit prior to them seeing the words and one group after, they were able to test the retrieval cue effect during both encoding and retrieval. Their results showed similar levels of recall for the critical term ‘kiwi’ between those informed pre- and post-intervention, showing that encoding and retrieval did not need to be the same for successful recall.
The second major critique raised by Baddeley also in 1978 concerned the lack of an independent measure of depth of processing. He further claimed that the concept of a continuum of processing and a hierarchy of levels was implausible and therefore undermined the meaningfulness and usefulness of the whole theory. Lockhart and Craik subsequently corrected any misinterpretation and miscommunication regarding a belief in a fixed series of processing stages (1990). However, the issue of measurement of depth remains a critical limitation in the levels of processing theory (Craik, 2020; Smith & Kosslyn, 2014). This criticism is exacerbated by the ambiguity of such fundamental terms as depth, meaningfulness, elaboration and distinctiveness (Eysenck & Keane, 2020; Kosslyn & Smith, 2014). Whilst there still remains no independent measure of depth, in a recent reflection on his years of work on the levels of processing theory (2020), Craik suggested that this may one day be provided through the promising work in neuroimaging.

Speed of Processing:
Originating with pioneering gerontologist James Birren in the 1960s and later developed further by John Cerella and Timothy Salthouse (Park & Festini, 2016), the speed of processing theory refers to the effect of aging on the speed at which cognitive tasks can be initiated and completed (Bashore et al., 1997). Whilst Birren and Cerella laid some key foundations, it was Salthouse’s 1996 article The Processing-Speed Theory of Adult Age Differences in Cognition and his subsequent extensive work which have made this a popular theory in the study of cognitive decline in old age (Verhaeghen, 2011).
The speed of processing theory essentially assumes that there will be a natural slowing of cognitive processing with age which will affect a person’s reaction times, memory, problem-solving, reasoning, attention, spatial visualization, multi-tasking and working memory (Edwards et al., 2017; Robitaille et al., 2013; Salthouse, 2019; Verhaeghen, 2011; Willis & Belleville, 2016). Salthouse proposed that declining processing speed can also affect the quality of the operation (1996). He identified two crucial mechanisms in attention, memory and reasoning which seem to be impaired in older adults – the limited time mechanism and the simultaneity mechanism. When information is being presented faster than it can be processed or outside of a given timeframe, Salthouse referred to this mechanism as limited time, whilst the simultaneity mechanism relates to the inability to complete more complex tasks as the individual is unable to retain enough information to complete each step (Verhaeghen, 2011). 
Salthouse’s theory has been commended and used repeatedly to explain differences in cognitive function between young and old adults. Many of the proponents of this theory claim that slower processing speed is the driving factor in the difference between cognitive abilities in young and old people (Robitaille et al., 2013). However, most studies supporting this theory are cross-sectional and use a between-participants design (Robitaille et al., 2013). In 2013 Robitaille et al. conducted a within- and between-subjects analysis using data from two longitudinal studies. Their between-person findings, that cognitive functions – particularly processing speed – were slower amongst older participants, were generally consistent with previous studies. However, within-person results showed that processing speed had a small to medium effect on age-related decline in memory, reasoning and spatial visualization. Although there are only a few similar longitudinal studies exploring within-person effects of processing speed with age, Robitaille and colleagues’ findings were consistent with previous indications. 
Another major limitation of Salthouse’s processing speed theory was identified by Ebaid and Crewther (2020) in their recent critical review of cognitive aging theories, namely the disregarding of age-related motor speed impairment. Ebaid and Crewther claimed that by using traditional paper-and-pencil measures such as in the Processing Speed Index and the Digit Symbol Substitution test – two commonly used measures – researchers introduced a confounding variable which, unless properly controlled for, could undermine the reliability of their results. They pointed to Salthouse’s 1992 investigation into the influence of processing speed on adult age differences in working memory on which he built much of his 1996 Processing Speed Theory, claiming that motor effects were glossed over. They instead suggested non-motor assessments of processing speed using psychophysical inspection time tasks and change detection tasks, stating that such methods have been used successfully to produce valuable and reliable data.

Part 2
There is an extensive body of literature discussing the results of interventions aiming to improve or maintain processing speed during aging. These interventions vary significantly from diet to meditation, to socialising, to physical exercise (Williams & Kemper, 2010).
In recent years, the speed of processing theory has been rigorously put to the test with the development of so-called “brain games” which often aim to increase processing speed and, by so doing, improve or reduce age-related cognitive decline (Nouchi et al., 2012). This has led to heated controversy between industry developers and neuro experts as well as disagreements within the neuropsychological community itself. In 2014, the Stanford Center on Longevity published a statement supported by over 70 cognitive scientists and neuroscientists decrying the claims of the brain training industry for praying on the public’s fears and promising to prevent cognitive slowing (Max Planck Institute for Human Development & Stanford Center on Longevity, 2014). They also cast doubts on the existing research which supported the use of computer-based cognitive training software. This statement was not fully welcomed by a group of over 100 neuroscientists, psychologists and neural plasticity experts who responded in an open letter challenging the assertion that the original statement was the “consensus” of the scientific community as well as the claim that “there is no compelling scientific evidence that brain exercises offer consumers a scientifically grounded avenue to reduce or reverse cognitive decline” (Cognitive Training Data, n.d.). Some common ground was agreed, however, in that further research is necessary, that some claims have been made with little scientific evidence and that computerized cognitive training is not a cure or vaccine (Harvey et al., 2018).
In 2017, Edwards and a number of colleagues jumped into the deep end of this debate when they published their findings from a 10 year review of the ACTIVE study and boldly claimed that “Speed of processing training results in lower risk of dementia”. The aim of the initial ACTIVE study, the first large-scale randomised controlled trial of its kind, was to explore the efficacy of three different types of cognitive training to see if they improved cognitive function for everyday activities in older people (Jobe et al., 2001). The trial included 2832 initially healthy adults aged 65 and older randomly assigned to one of four testing groups – memory, reasoning, speed of processing or no-contact control. Participants assigned to the speed of processing group engaged in computer-based training consisting of a series of stimulus-response tasks for 10 hours over 5-6 weeks. Assessment was conducted at baseline and post-intervention, then followed up at 1, 2, 3, 5 and 10 years with a random subset of participants being invited to engage in booster training at 11 and 35 months after the initial training (Edwards et al., 2017). Whilst no significant differences to risk of dementia were found for the memory and reasoning interventions at 10 year follow-up, Edwards and colleagues reported a 29% reduction in risk of dementia for those who received speed of processing training. They also claimed that each training session reduced the risk further. As Edwards and colleagues claimed this to be the first study to show a reduced risk of dementia as a result of an intervention, it understandably drew both interest and scepticism. Whilst the results were a welcome breakthrough to many researchers (Hurley, 2016), after presentation of the findings at the 2016 Alzheimer’s Association International Conference and prior to publication, a number of criticisms were promptly levelled at the authors. The primary complaint was that these results came from a secondary analysis of the data (Fiore, 2016) as the ACTIVE study was never designed to test dementia. In fact, in a 2012 article exploring the rates of incident dementia at 5 year follow-up, Unverzagt and a number of other researchers who would subsequently be involved in Edwards’ 2017 analysis reported that there was no effect on incident dementia as a result of the cognitive training, although they did recommend a longer follow-up to fully explore this aspect of the study. Unsurprisingly, the claims made by this study and subsequent news coverage (American Psychological Association, 2016; Hurley, 2016; University of South Florida, 2017) have spurred on research into the effects of such computer-based cognitive training which claims to improve processing speed, thereby preserving cognitive function and slowing cognitive decline. A number of recent randomised controlled trials and systematic reviews have reported mixed findings (Butler et al., 2018; Feger et al., 2020; Nouchi et al., 2016; O’Shea et al., 2019), but none have yet been able to match the results of Edwards and colleagues’ results leaving a question mark hanging over the study, the effects of computer-based speed processing training and consequently its role in slowing down the effects of age-related cognitive decline.
Even though the debate over the ability to improve processing speed and its subsequent remedial cognitive effects rages on and the evidence may be slight and somewhat tentative, it could be said there is sufficient evidence to give one cause to want to find ways to engage the brain in speed processing training activities, whether they be computer-based or otherwise. Responding to Salthouse’s criticism of the popular adage “use it or lose it” as lacking empirical evidence (2006), Schooler asserted that evidence points to the positive effects of mental exercise on older adults and gave encouragement that “using it often delays the eventuality of losing it” (2007, p. 28). With that in mind and in the light of an increasingly aging population, cognitive decline is something a significant proportion of the population will face. Therefore the relevance of such questioning will only increase, putting a greater expectation on researchers and experts to provide answers regarding how to age well. Perhaps there has never been a time when the words of author Jules Renard resonated more clearly – “It’s not how old you are. It’s how you are old” (n.d.).
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