“Is there anything I can do to train my memory?” The rationale and evidence behind cognitive training as an intervention to promote healthy ageing. 
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 Abstract 
As clinical psychologists working with older adults, we are all likely familiar with the above question, both in memory services and those who do not have a diagnosed cognitive problem.  In the context of an ageing population, much research has been focused on the development of cognitive training as an intervention to promote healthy ageing.  Defining what it means to age healthily, however, can be problematic, particularly given the heterogeneity evidenced in studies of normative cognitive functioning in older people.  Furthermore, although different cognitive training methods appear to have face value, the evidence base for the effectiveness of cognitive training is mixed, and has, to date, provided conflicting results.  This article discusses the findings of major research studies in this area, and possible future directions of research are considered.   
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Introduction
As older adult clinicians, we all will have been familiar with questions from our clients about what they can do to “keep well” and to optimise their cognitive functioning. Cognitive decline is considered to be pervasive in ageing (Salthouse, 2010); it is a specific predictor of negative quality of life (QoL) in older people (Depp & Jeste, 2006), and is also known to negatively impact on self-esteem (Rosi et al., 2019), ability to engage with medication regimens (Maki et al., 2014) and social contact (Evans et al., 2019). The issue is a growing one too; we know that the world’s population is ageing, particularly in Western, developed countries. According to the Office for National Statistics, in 50 years’ time there is estimated to be over eight million additional people aged 65 and over in the UK. It is therefore of crucial interest, on personal and economic levels, to identify ways in which cognitive functioning can be maintained in older age (Sánchez-Izquierdo & Fernández-Ballesteros,  2021). Cognitive training (CT) is something that appears to have high face value to clients and also perhaps conveys a sense of agency and control in doing all that one can to maintain a good quality of life. CT can be defined as “specifically designed training programmes that provide guided practice on a standard set of cognitive tasks.” (Kelly et al., 2014).   
 
Defining healthy ageing
The development of effective CT first relies on a clear understanding of its aims, and about what constitutes “healthy ageing”. Rowe and Kahn’s (1997) definition has been highly influential, positing that healthy ageing is being free of disease, having good physical and cognitive functioning, and being engaged socially. However, McLaughlin et al. (2012) argue that these criteria are unattainable for the majority of older people, and ignore the important influence of social inequalities on healthy ageing. Furthermore, normative cognitive change in ageing is heterogenous across different cognitive domains. Hartshorne and Germine (2015) examined the normative sample data of the Wechsler Adult Intelligence Scale and Wechsler Memory Scale, and found that working memory and processing speed showed decline from an earlier point than domains relying on learned/accumulated knowledge (e.g. vocabulary), but Packiam-Alloway and Alloway (2013) showed that older adults performed at comparable levels to teenagers in working memory tests. Many studies seeking to characterise normative cognitive change in aging are cross sectional and therefore run the risk of ignoring important cohort effects. Longitudinal studies can tend to show a more sustained maintenance of cognitive functions until later life, but may be susceptible to sample bias and skewed results, as healthier older adults are more likely to remain in follow up stages (Salthouse, 2010).   
 
The rationale for CT - neuroplasticity
The rationale for CT is grounded in the concept of the ageing brain retaining a capacity for neuroplasticity (Zokaei et al., 2017). There have been numerous attempts to demonstrate neuroplasticity in the ageing brain via neuroimaging. Deng et al. (2019) studied healthy older adults who participated in CT for three months and compared resting state fMRI data at baseline and at one year follow up. The researchers utilised the concept of functional connectivity, the extent to which activity between a pair of brain regions covaries or correlates over time, to try to demonstrate neuroplasticity in ageing brains.  They determined both that older adults had less local functional connectivity at baseline, but also that post cognitive training, more functional connectivity was observed.   The researchers suggested that this could be seen as evidence of neuroplasticity in older people.  McNab et al. (2009) demonstrated that improvements seen in working memory following CT were mirrored by a correspondent change in the density of dopamine receptors, leading to restoration of synaptic connectivity and thus, the researchers posited, providing evidence of neuroplasticity in later adulthood. However, this study (like many others in this research area), has a small sample size, thus limiting generalisability. Furthermore, there remains much debate in the literature about how to demonstrate neuroplasticity; as Fabiani (2012) has argued, different neuroimaging methods can give very different results, and the particular characteristics of each method may complicate the inferences and comparisons that can be made.     
 
The rationale for CT – Theoretical compensatory models
Another facet of the rationale for CT is grounded in compensatory models, such as the Scaffolding Theory of Aging and Cognition (STAC) (Park & Reuter-Lorenz, 2009).  STAC suggests that the ageing brain can “shore up” declining brain function through engaging additional neural systems (“scaffolding”), and this process occurs as a response to the accumulated normative “neural insults” of ageing.  A number of studies have demonstrated that these “neural insults” can be present in cognitively stable older adults; for example, amyloid plaques and neurofibrillary tangles, as is found in Alzheimer’s disease (Kim & Kim, 2014), or increased rates of neurotransmitter dysregulation (Karrer et al., 2017).  Researchers have suggested therefore that this may provide evidence of the “scaffolding” in the STAC model.   

Further support for the STAC has come from neuroimaging studies, demonstrating a shift from activation of posterior brain regions to greater involvement of frontal brain regions, known as the Posterior to Anterior Shift in Ageing (PASA; Davis et al., 2008). fMRI research has demonstrated that not only does this shift occur in response to different tasks (e.g. working memory, Reuter-Lorenz et al. 2000), but that increased activation of frontal brain regions is associated with better task performance on particular cognitive domains (e.g. memory, Davis et al. 2008).

Furthermore, the Compensation Related Utilization of Neural Circuits Hypothesis (CRUNCH; Reuter-Lorenz & Cappell, 2008), posits that older adults engage additional brain regions as compared to younger adults when performing the same cognitive task, to compensate for declining brain structures and functions. In addition, the CRUNCH suggests that whilst this engagement of additional brain regions can meet lower levels of task demand, increasing task complexity will result in a poorer performance and a correspondent decrease in activation.  Iordan et al. (2020) found that CT shifted the peak in activation for older adults such that they were able to manage higher task demands. This too has been interpreted as evidence of the brain in older age compensating for decline by recruiting other brain regions, and as a rationale for developing CT that aims to enhance this “compensation”.  

However, results from neuroimaging are only correlational and associative (Vaidya et al., 2019). Furthermore, it has been difficult for research to prove the compensation account; many of the studies that have identified “scaffolding” activation are cross sectional and therefore cannot demonstrate that the additional recruitment occurs as an age-related response to decline.  Nyberg et al. (2010) compared cross sectional and longitudinal analyses of their sample of 60 participants, who underwent fMRI scanning to measure brain activation in response to a semantic categorisation task.  The participants were also followed up six years later.  The researchers found that a cross sectional “reading” of the data revealed an “overrecruitment” of the dorsal frontal cortex in the older group, whereas the longitudinal analyses revealed an age-related reduction of activation in the same region.

The evidence base for the effectiveness of CT
The rationale for developing CT to promote healthy ageing, therefore, is the subject of much debate and it is perhaps therefore not surprising to find that there is little consensus in the evidence base as to the effectiveness of CT (Katz et al., 2018). In a comprehensive systematic and meta-analysis, Kelly et al. (2014) examined 31 RCTs and compared results across three groups: a “no intervention” control group, an active control group (e.g. diverse mental stimulation activities, which ranged from playing the piano to helping children with their reading skills), and a treatment group. They found that when compared with those in the control group, participants undertaking CT showed better results on measures of memory and subjective functioning; when compared with the active controls, CT was found to improve performance on measures of executive functioning and working memory. However, although the parameters of the meta-analysis were well described and were adherent to PRISMA guidelines, the authors themselves acknowledged a high level of heterogeneity in the types of CT being studied; furthermore, effect sizes were calculated for measures within the same cognitive domain, but domains were assessed using a wide variety of neuropsychological assessments (for example, older and newer tests, or a very wide range of different tests being analysed under the single umbrella of “executive functioning”).  Furthermore, Kelly et al (2014) acknowledged that the outcomes of their meta-analysis were measured solely by performance on neuropsychological assessment, with scant data about how any gains might be maintained or be translated into everyday functioning. 

In another meta-analysis, Lampit et al. (2014) looked at the effects of computerised CT in healthy older adults and found only a small overall effect size of CT as opposed to the control group.  They found that the effect size varied according to the targeted cognitive domain, with small to moderate effect sizes found for visual, verbal and working memory, but no significant effects found for executive functioning and attention. Lampit et al. (2014), through moderator analyses, identified that the design of the CT was significant, with home based individual training being ineffective compared to group-based training. The authors also acknowledged that the parameters of their meta-analysis did not allow them to comment on the sustainability and durability of any gains made.   

In an effort to examine the longer-term effects of CT, Rebok et al. (2014) followed up participants over a period of ten years, and in addition to examining the training’s effects on neuropsychological assessment performance, also included independent performance-based assessments of everyday functioning.  They showed that each CT intervention produced significant improvement in the targeted cognitive domains; this improvement was seen immediately after the intervention, and also remained for at least 5 years for memory training and for up to ten years for reasoning and speed of processing training. The authors reported that a “significant” percentage of participants in the CT groups continued to report less difficulty in activities of daily living (ADLs) than those participants in the control group; however, some 50 per cent of control group participants also reported no difficulties in ADLs. When ADL performance was measured utilising an independent assessment, there were only weak to absent effects of CT on ADL performance. The authors acknowledged the difficulty in quantifying and operationalising ADL performance, highlighting the poor ecological validity of the task utilised in their study (Rebok et al., 2014).   
 
In a more recent and comprehensive systematic review, Gates et al. (2020) examined the effects of computerised CT on the cognitive function of healthy adults aged 65 and over. They found that generally the quality of the available evidence was poor, in that often studies offered insufficient detail about the exact nature and design of their interventions (which appears particularly important given the findings of Rebok et al., 2014), or often had small sample sizes, a lack of an active control comparison group, and limited assessment of “far” transfer (i.e. assessment of benefit outside of the specifically trained cognitive domains). The review had relatively stringent exclusion criteria, with the researchers examining the results of eight RCTs (from an initial count of over 300 studies). They found that CT as compared with active controls may result in slight improvements in global cognitive functioning, immediately after the completion of training, but not at a year follow up; they also found that CT had little or no impact on episodic or working memory, and were unable to draw any conclusions regarding the effects of cognitive training on executive functioning or speed of processing, due to the quality of evidence being very low.    

Conclusions and future directions 
In summary, the evidence for the effectiveness of CT is mixed, and there is a lack of consensus in the literature, alongside debate around the mechanisms underpinning the rationale for cognitive training. In terms of future directions for research, there is also little consensus.  Katz et al. (2018) highlight the importance of specifying a coherent theoretical framework to describe the mechanisms by which CT may work, whilst Gates et al. (2020) specify clear guidance for the improvement of research into CT, including ensuring that studies address the issue of skill transfer and that any training gains generalise to other tasks. Gobet and Sala (2022), however, argue that findings should only be limited to “near transfer” as the chances of finding a reliable measure of “far” transfer is low. 

Nevertheless, it remains a compelling topic for researchers and older people alike, and undoubtedly the question of “is there anything I can do to train my memory” will continue to be asked.  We need to offer an honest and ethical opinion to our clients about the lofty promises made by some cognitive training programmes, and perhaps speak in terms of “supporting” cognition rather than “training” cognition.  As psychologists, we also know the value of formulation, and understanding the significance of that question for our particular client.  For some of our clients, fear of dementia might be the main issue of concern.  For others, they will be asking the question because they discern that things are starting to change with their cognition, and here returning to our neuropsychological formulation would be of the utmost value in responding to the question.    It is interesting that many of the “active control” interventions in the evidence base are actually comparable to cognitive training in their effectiveness, and our clients can benefit from taking perhaps a wider viewpoint of what might be beneficial to their cognition.   For example, Bherer (2015) found that physical exercise improved not only physical capacity and overall quality of life, but also performance in some cognitive domains.  Ageing can be understood as a “whole body” phenomenon and researchers, clinicians and clients alike are likely to benefit from taking this more holistic viewpoint.   
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