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Abstract 

Some types of memory appear to decline with age, potentially affecting the efficiency with 

which older adults complete complex tasks of daily life.  A recent body of research has addressed 

potential modifiable factors that might bolster memory against the effects of ageing.  Memory 

training appears to hold promise but research findings to date are mixed with regard to producing 

positive training effects in older adults and generalisation of these effects to everyday life.  

Randomised Controlled Trials (RCTs) are needed to clarify the benefits of targeted memory training, 

with well-matched control conditions to ensure benefits are greater than placebo effects. 

This study investigated the effectiveness of Memory Tune, a memory training programme 

developed in New Zealand for older adults.  This programme utilises a combined approach of 

strategy, practice, and psychoeducation to target six subtypes of memory that appear to be age-

sensitive: prospective memory, face recognition memory, working memory, short-term, verbal and 

non-verbal memory.   

To assess the effectiveness of Memory Tune, a double-blind RCT was conducted, in which 

participants were randomised to Memory Tune (n = 16), Cognitive Stimulation (active control; n = 

15) or Waitlist (passive control, n = 28) conditions.  Waitlist participants were subsequently 

randomised to either Memory Tune or Cognitive Stimulation.  Change in memory performance was 

assessed with pre-post testing, on a battery of memory tests and a subjective memory measure. 

Training effects were found for non-verbal immediate recall compared to both the active 

and passive control tasks.  Relative to the passive control group, Memory Tune was also associated 

with greater improvement on the working memory task and the short-term memory longest digit 

string measure.  Memory Tune showed overall superiority over the active control condition on a 

composite memory score.   

Findings suggest that non-verbal and working memory improve with Memory Tune training.  

These may be forms of memory for which people are less likely to have pre-existing memory 
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strategies, enabling detection of more significant gains than for other types of memory.  Study 

limitations and possible augmentation for future iterations of Memory Tune are considered.  Overall, 

this study adds to the literature in support of memory training for older adults.   
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you learn to tap this source,  

you will truly have defeated age. 
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The Effectiveness of a Memory Training Programme for Healthy Older Adults  

Populations in developed countries, such as New Zealand, are ageing.  Thus, issues relating 

to quality of life, independence and productivity among older people are becoming increasingly 

important.  One of the most common complaints in normal ageing is memory difficulty.  Some 

degree of decline in memory function can be expected with normal ageing (Fleischman, Wilson, 

Gabrieli, Bienias, & Bennett, 2004; Hultsch, Hertzog, Small, McDonald-Miszczak, & Dixon, 1992; 

Nilsson, 2003; Salthouse, 2012).  These changes, especially within prospective memory, have been 

shown to impact on an individual’s efficiency in completing the complex tasks required for daily 

living (Woods, Weinborn, Velnoweth, Rooney, & Bucks, 2012; Zogg, Woods, Sauceda, Wiebe, & 

Simoni, 2012).  Good memory performance (along with executive functioning) has been found to 

partially mediate the association between age and performance on a measure of everyday problem 

solving (Thornton, Deria, Gelb, Shapiro, & Hill, 2007).  Improved memory functioning may, therefore, 

improve independence and quality of life for older adults.   

The search for the formula for memory preservation has its foundation in the process of 

normal healthy cognitive ageing.  Great variability has been observed in the degree of memory 

deterioration between individuals (Sliwinski & Buschke, 1999).  Individual differences, which 

increase with age (Ylikoski et al., 1999), have prompted researchers to investigate the factors 

contributing to memory longevity.  Where modifiable factors can be identified, specific 

recommendations and interventions to ameliorate memory change with age might be developed.  

One factor associated with reduced deterioration in memory function is a high level of cognitive 

engagement throughout life (Fratiglioni, Paillard-Borg, & Winblad, 2004; Hertzog, Kramer, Wilson, & 

Lindenberger, 2008; R. S. Wilson et al., 2002).  Whether or not increased cognitive activity during 

older adulthood also reduces deterioration in memory function is unclear.  Nevertheless, the 

apparently protective role of a cognitively engaged lifestyle has prompted development of a 
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plethora of training programmes targeting memory and other cognitive processes, of which many 

are now commercially available.  

Memory training for older adults is an area of great promise but mixed results thus far.  

Some researchers have proposed that memory training may hold potential for delaying the 

emergence of the symptoms of dementia (Corbett et al., 2015; Gates, Sachdev, Singh, & Valenzuela, 

2011).  The incidence of dementia is expected to double between 2001 and 2020 and even brief 

delays may be of value (Ritchie, Carrière, & Ritchie, 2010), however memory training has yet to 

clearly demonstrate any such effect.  Training effects have been shown in some Randomised 

Controlled Trials (RCTs) of memory training with older adults (G. E. Smith et al., 2009; Willis et al., 

2006; Zelinski et al., 2011) but benefits have not been consistently found relative to active control 

conditions (Martin, Clare, Altgassen, Cameron, & Zehnder, 2011).  Further, where training effects 

have been found, the real-life benefits are not always clear (Ang, Lee, Cheam, Poon, & Koh, 2015; 

Owen et al., 2010). 

In the following introduction a review of the literature on memory changes with normal 

ageing is provided, to give an outline of common memory difficulties for older adults, as well as the 

great variation within and between individuals.  The underlying neural changes accompanying 

healthy ageing and theories of cognitive ageing are then discussed, in order to outline the processes 

that are generally targeted in memory training.  The current evidence regarding the potential for 

improving or preserving memory function via memory training and other approaches is discussed, 

providing the context for the current study.  Specific background for the research undertaken in this 

thesis is described.   

The main aim of the research in this thesis is to examine the effectiveness of a memory 

training programme developed in New Zealand to improve memory function for healthy older 

adults, specifically in the domains of: short-term, working, verbal, non-verbal, face, and prospective 

memory.  The study utilized a double-blind randomised control trial paradigm, with participants 
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randomised to either the memory training intervention, an active control intervention involving 

cognitive stimulation or a no-treatment control group.  The effects of the training programme were 

measured on tasks testing six components of memory, as well as a self-report measure of everyday 

memory function. 

 

Memory change with normal ageing 

Memory, as a construct, comprises several dissociable processes which are affected by 

ageing at different rates across the lifespan (Christensen, 2001; Hultsch et al., 1992; Lamont, 2012).  

A commonly used model of memory distinguishes between several memory sub-types (thought to 

rely on separate but interconnected neural networks) informed by the findings of animal lesion 

studies, work with amnesic patients and anatomical and behavioural observations (Squire & Zola-

Morgan, 1991).  Short-term and long-term forms of memory are considered distinct.  Although the 

term ‘short-term memory’ has been used in a variety of ways, it will be used in this thesis to refer to 

the capacity for items to be temporarily held in mind.  Related to this, working memory refers to the 

ability to hold and manipulate temporarily retained stimuli, as well as retrieved information (Squire 

& Dede, 2015).   

In this framework long-term memory is further divided into declarative (explicit) and non-

declarative (implicit) forms.  The term declarative memory refers to memory that is consciously 

retrieved and is often able to be verbally described.  Declarative memory includes semantic (factual 

knowledge and knowledge about concepts) and episodic (recall of specific events with associated 

contextual detail) memory types.  Episodic memory includes autobiographical memory, personally 

experienced events.  This is often measured as performance on tasks of learning, recall and 

recognition of stimuli (such as verbal and non-verbal stimuli).  A related concept to episodic memory 

is that of prospective memory.  This is the ability to remember to perform a planned action or 
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intention at a future point in time.  The cue for performing the action may be time-based (for 

example, taking medication at 3pm) or event-based (such as passing on a message when a co-worker 

arrives).  Non-declarative memory is a broad term referring to “unconscious” forms of memory 

whereby previous experience influences responses or task performance without the need for 

conscious recollection.   This includes priming, procedural memory, conditioning and non-associative 

learning (Squire & Zola-Morgan, 1991).   

Memory change with healthy ageing is complex, being neither linear nor unitary (e.g. Goh, 

An, & Resnick, 2012; Hultsch et al., 1992; Lindenberger & Ghisletta, 2009; Nilsson, 2003; Sliwinski & 

Buschke, 1999).  Some types of memory are consistently found to deteriorate with age, such as 

episodic and working memory (Park et al., 2002), whereas other types show little or no change, such 

as implicit memory (Fleischman et al., 2004).  Cross-sectional studies have revealed differences 

between younger and older participants on laboratory measures of short-term, long-term, and 

working memory, as well as accumulated semantic knowledge (e.g. Crum, Anthony, Bassett, & 

Folstein, 1993; Lindenberger & Baltes, 1997; Park et al., 2002).  From these observations, it has been 

suggested that memory begins to decline in the 20s and 30s and shows gradual decrements across 

the lifespan (Park et al., 2002; Salthouse, 2003; Salthouse, 2009).  However, this might over-estimate 

the rate of loss and the age at which memory functions begin to deteriorate (Singer, Verhaeghen, 

Ghisletta, Lindenberger, & Baltes, 2003). 

In cross-sectional studies, a snapshot is taken of individuals of particular age groups at one 

point in time.  Thus, they are vulnerable to cohort effects, whereby there are likely to be systematic 

differences in the developmental experiences of younger and older groups.  For example, the 

educational opportunities of later generations (forming younger cohorts) are likely to be greater 

than of those born earlier (Hedden & Gabrieli, 2004).  Other differences that may occur in the age 

groups tested include potential recruitment bias, as younger participants might be sourced from a 

university population and older adults from supported accommodation (Schaie, 2009; Nyberg et al., 
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2012).  In contrast, longitudinal studies follow one or more cohorts over a period of time, allowing 

the tracking of intra-individual changes (Goh et al., 2012) and are able to estimate the proportion of 

inter-individual variation attributable to ageing (Sliwinski & Buschke, 1999).  This methodology 

allows the investigation of factors that may mediate or moderate memory decline.  However, 

longitudinal testing is subject to test-retest effects (possible improvement on some tasks through 

practice and familiarity with the testing process).  Further, the process of selective attrition can 

occur, whereby participants with the greatest difficulties are more likely to drop out of a study than 

those who are less affected.  These factors might make changes appear smaller than they truly are 

(Salthouse, 2009).  Further, there are practical limitations to the epochs of the lifespan that can be 

covered longitudinally, thus, there remains a role for both designs in the study of ageing. 

Sliwinski and Buschke (1999) combined longitudinal and cross-sectional methodologies to 

differentiate between inter-individual differences and intra-individual change. They investigated 

inter-individual differences within intra-individual change.  A total of 302 participants, aged 66 to 92, 

were sampled from the Einstein Ageing Study.  Cognition, processing speed and memory (cued 

recall, logical memory and sentence span) were assessed at three time points over 3.5 years.  

Performance on all memory (episodic and working memory) and processing speed measures 

declined significantly with age within individuals.  The average change within individuals was greater 

than the cross-sectional differences found.  However, it is possible that some participants’ memory 

decline was part of a pre-clinical stage of dementia and not representative of true healthy ageing.  

Singer et al. (2003) note that each study will be uniquely affected by a mixture of factors, such as 

terminal decline (reduced cognitive function near to death) and selectivity effects.  Thus, although 

cross-sectional studies often show steeper decline than longitudinal studies, this may vary with 

specific studies.   

Christensen (2001) investigated cognitive change over time in a large sample of older adults 

(N= 887, aged 70-93 years) from the Canberra Longitudinal Study.  Cognitive speed, verbal episodic 
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memory and accumulated semantic knowledge were tested three times over seven years.  Both 

memory performance and processing speed declined with age.  However, the variation in 

performance both within and between individuals increased with age.  Crystallized intelligence 

remained constant, even among the oldest group.  Hultsch, Hertzog, Small, McDonald-Miszczak, and 

Dixon (1992) measured changes in memory function (verbal, semantic, working and implicit 

memory) over 3 years in a sample of 328 participants aged between 55 and 86 at first testing.  

Decline was found longitudinally on a measure of working memory and, to a lesser extent, on a 

measure of world knowledge.   

Subsequent studies have suggested that the decline in semantic memory is likely to relate to 

retrieval difficulties, rather than a loss of memory, and retrieval declines only later in life, as opposed 

to gradually over the lifespan.  Nilsson (2003) reported data from the Betula study: a large sample of 

3,600 participants aged between 35 - 80 years at baseline, recruited in three waves and followed-up 

for up to 10 years.  Decline was found for episodic memory and semantic memory in older 

participants.  No change was found for priming, a measure of implicit memory.  Nilsson noted that 

semantic memory tests associated with word-finding and fluency were more age-sensitive than 

those based on comprehension, general knowledge or cued retrieval, suggesting that previously 

encoded semantic memory remains but there is reduced efficiency in retrieval of this knowledge 

with age.  Nilsson (2003) and Rönnlund, Nyberg, Bäckman and Nilsson (2005) in fact found small 

increases in semantic memory until age 55, with decrements after this that were smaller than those 

for episodic memory.  This pattern would not be detected by studies whose older cohorts were 

above this age at baseline.  Some of the disparity between results appears to relate to the different 

skills needed to perform a given memory task, such that different tasks attempting to measure the 

same type of memory may tap into different supporting skills that are differentially affected by 

ageing.  Goh et al. (2012) explored the change in cognitive functions over age to a high level of 

specificity within the Baltimore Longitudinal Study of Aging (n = 148; 56 - 85.9 years), with follow-up 

of up to 14 years.  Preserved function was found for capacity, chunking, discrimination and short-
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term memory, whereas declines were noted in inhibition, manipulation, semantic retrieval, 

phonological retrieval, switching, and long-term episodic memory processes. 

Normal ageing within memory subtypes.  For memory types affected by ageing, 

longitudinal studies have also shown non-linear losses across the lifespan, with losses accelerating at 

older age.   

Short term and working memory.  Dobbs and Rule (1989) compared performance on 

measures of “storage capacity” (digit span forwards, a measure of short-term memory) and various 

levels of difficulty on an n-back task (a measure of working memory) in participants of a wide of age 

range (30-99 years).  Age was strongly negatively correlated with working memory, whereas short-

term memory related to years of education but not age.  The authors proposed that ageing may 

result in reduced flexibility of memory access and use, rather than capacity.  In cross-sectional 

studies with n-back tasks (Dobbs & Rule, 1989), computational span (Salthouse & Babcock, 1991) 

and reading span (Salthouse, 1992), working memory appeared to be highly sensitive to age.  

Working memory appears more sensitive to ageing than short-term memory (Bopp & Verhaeghen, 

2005). 

A recent study investigated the level of short-term and working memory loss that is 

attributable to cognitive process, without the confounding factor of diminished sensory sensitivity 

that is commonly seen with age (Vercammen, Goossens, Wouters, & van Wieringen, 2016).  This was 

done through a cross-sectional analysis of participants, selected for having intact hearing; young (20-

30; n = 56), middle-aged (50-60; n = 47) and older adults (70-80; n = 16) selected from a pool of 226 

screened).  Older and middle-aged participants scored lower than younger participants on all tasks 

(digits forward and backwards and visually presented reading span).  The older group performed 

worse than the middle-aged group, although this difference was not significant.  It is possible that 

participants in the oldest group with good hearing over 70 years were exceptional, and therefore 

their equivalence to middle-aged participants may not be generalisable.  However, this study does 



INTRODUCTION  8 
 

 

show that differences in short-term and working memory between young and old exist in memory 

systems beyond difficulty with sensory losses.  The finding that decline was similar across all tasks is 

consistent with an amodal underlying working memory capacity. 

Episodic memory.  Comparisons of young and older participants show reduced performance 

on episodic memory tasks with age (Eustache et al., 1995; Rodrigue & Raz, 2004).  Memory 

processes with effortful and strategic elements appear most affected whereas automatic 

components such as familiarity and gist appear to be less affected (Spencer & Raz, 1995).  A 

distinction has been made between recollection (a full retrieval of a past event and its context) and 

familiarity (the sense that one has previously experienced the stimulus, in the absence of context) 

(Yonelinas, 2002).  Familiarity and gist are thought to be automatic and decline less, although age 

differences have been found, depending on the methodology used.  In a meta-analytic review of 25 

healthy ageing studies, Koen and Yonelinas (2014) found that recollection declined with age but 

familiarity did not, as measured by process dissociation or receiver operating characteristic 

paradigms.  However, remember/know paradigms (Tulving, 1985) did show some age-related 

decrease in familiarity.  This paradigm requires participants to classify the quality of their memory 

for stimuli in the recall phase as “remember” (complete recollection) or “know” (familiarity). 

Rönnlund, Nyberg, Bäckman and Nilsson (2005) explored the trajectory of episodic memory 

over the lifespan (n = 829; 35-80 years), with cross-sectional analysis in combination with 

longitudinal analysis.  The cohorts were matched for formal education and statistical control was 

applied for practice effects.  In contrast to predictions from cross-sectional data, no appreciable 

losses in episodic memory were noted until participants were over 60 years of age.  Episodic 

memory has been explored in older adults beyond this age in the Berlin Aging Study (BASE) (Singer 

et al., 2003).  Episodic memory measured over six years (n = 132; 70-103 year olds) in participants 

over 70 years showed a small linear yearly decline in performance on episodic memory performance 

(paired associates and memory for text). 
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Gender differences have been reported in the trajectory of episodic memory change 

(McCarrey, An, Kitner-Triolo, Ferrucci, & Resnick, 2016).  Data from a subset of the Baltimore 

Longitudinal Study of Aging, aged 50 to 95.8 years (n = 1,065 to 2,127 for different sub-tests) were 

analysed for gender differences.  A large battery of cognitive tests, including measures of verbal and 

non-verbal episodic memory were given, with between three and nine years of follow-up.  After 

adjusting for age, education and race, males performed better on two visuospatial tasks at baseline, 

whereas females performed better on tasks of verbal memory and fluency.  In this study, women 

showed less decline on most cognitive measures than men.  The authors suggested that there may 

be biological reasons for differences in brain ageing but also acknowledged the possibility of social 

experiences playing a role in bolstering specific skills, possibly through increased opportunities for 

practice.   

Verbal memory.  Recall of verbal information has been found to be poorer in older adults 

across free recall, cued recall and recognition paradigms (Kemps & Newson, 2006; Perlmutter, 

1979).  In a longitudinal study Zelinski and Burnight (1997) followed up two cohorts (30-36 and 55-

81; n = 583) for 16 years.  Cross-sectional findings suggested a gradual decline in verbal recall across 

the lifespan.  In contrast, longitudinal results showed changes with age for the older but not the 

younger cohort.  Thus, longitudinal data suggested relative stability until older age.  However, 

Zelinski and Burnight did not find a significant change in recognition performance.   

Longitudinal change in performance of the California Verbal Learning Test (CVLT) was 

measured with 2-7 year follow-up (n = 385; 55-91 years) in the Baltimore Longitudinal Study of Aging 

(Lamar, Resnick, & Zonderman, 2003).  The CVLT measures verbal learning and memory.  Analysis 

controlling for baseline scores revealed age-related decreases in learning, short-delay and 

recognition memory.  Practice effects were noted only among younger participants. 

Non-verbal memory.  Older age is strongly associated with poorer performance on visual 

memory tasks (Ylikoski et al., 1999).  A large study (n = 1,722) of individuals aged between 17 and 
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102 years, with a 27.5 year follow-up examined change in non-verbal memory (immediate 

reproduction of geometric shapes) with age (Gaimbra, Arenberg, Zonderman, & Kawas, 1995).  

Results showed a consistent, gradual decline that correlated positively with age at first testing, 

suggesting that losses were greater at older ages.  A peak in the rate of decline was found between 

65 and 74 years of age.  A small number of individuals showed no longitudinal change. 

Koutstaal and Schacter (1997) examined recognition of detailed, colour pictures.  The 

recognition task included original images and foils that appeared similar to or could be categorised 

with presented images.  Older adults were found to be more susceptible to false recognition than 

younger adults, suggesting an overreliance on gist.  Further, recognition of visual stimuli, but not 

encoding is thought to be affected by ageing processes (Jamadar, Assaf, Jagannathan, Anderson, & 

Pearlson, 2013). 

Kemps and Newson (2006) assessed verbal and visual memory using the Doors and People 

test, which they argue provides ‘pure’ measures that do not tap into other cognitive abilities.  They 

found performance on these measures to decline at the same rate over the lifespan.  The authors 

argue that apparently differential change in memory for different stimulus modes (verbal versus 

visual) may be an artefact of measures that include cognitive processes other than “pure” verbal or 

visual memory, and that these may change differentially with age. 

Face memory.  The ability to encode and recall faces is referred to as face memory and is an 

important skill for social functioning.  Individual differences research suggests that face memory is 

distinct from other forms of memory (Wilhelm et al., 2010).  Older people have been found to 

perform more poorly in both immediate and delayed face memory tasks (Ferris, Crook, Clark, 

McCarthy, & Rae, 1980).  A longitudinal study by Lamont, Stewart-Williams and Podd (2005) found 

that performance on a face recognition task declined with age.  However, an interaction was found 

between participants’ age grouping and target face age.  Older adults performed worse only when 

recognising younger faces whereas younger participants performed equally well with both target 
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groups.  The ability to learn new face-name pairs is also affected by age (Cavallini, Pagnin, & Vecchi, 

2003). 

Prospective memory.  The ability to recall and execute a task at a pre-designated cue is 

known as prospective memory.  This is particularly important in daily life, for example, remembering 

to pay bills, schedule and attend appointments, and take medication.  Prospective memory requires 

a high level of self-initiated regulation for both triggering the retrieval of the task to be done at the 

appropriate moment and remembering the details of that task (Drag & Bieliauskas, 2010).  Thus, this 

type of memory could be expected to be more strongly affected by ageing than forms of memory 

with a lower load of effortful or strategic recall.  This is indeed found in laboratory settings, where 

task conditions are regulated.  However, this difference is ameliorated in naturalistic settings, 

through the use of external cues (Henry, MacLeod, Phillips, & Crawford, 2004).  

There is some variability in studies of prospective memory change with age.  For example, 

Einstein and McDaniel (1990) found no group difference between young and old in prospective 

memory performance.  They utilised event-based prospective memory, free recall, short-term 

memory and recognition tests under two conditions – one where participants could use an external 

memory aid and another where they could not.  Young participants performed better only on short-

term memory and free recall.  Both participant groups were recruited as either students or alumni of 

the same university.  However, the older group scored significantly higher on the Wechsler Adult 

Intelligence Scale than younger subjects, which may be a factor in their equal performances on 

memory tasks.  The authors also speculated that the older subjects may have been more motivated 

than their younger counterparts. 

In contrast, Maylor, Smith, Della Sala and Logie (2002) found that older adults performed 

more poorly on several prospective memory tasks than younger adults.  Maylor et al. compared 

young adults (19-40 years) to Alzheimer’s patients and age-matched controls (58-75 years) on 

prospective memory and retrospective memory tasks.  In one study, prospective memory tasks were 
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time-based (stopping a clock every 3 minutes) or event-based (to say “animal” whenever an animal 

was seen in a film).  In a second experiment, prospective memory tasks were either related to the 

cue (reset the clock when a clock is shown) or unrelated (reset the clock when an animal is shown).  

In both experiments, older participants successfully responded to cues more slowly and less 

frequently than younger participants.  They also checked the clock more often per successful time-

based response.  Performance on tasks tapping into other forms of memory (digit span, sentence 

span, and free recall) was also poorer for older, as compared to younger, participants.  Recognition 

memory was not significantly different between these groups. 

The variable findings of ageing and prospective memory were addressed in a meta-analysis 

by Henry, MacLeod, Phillips, & Crawford (2004).  An important distinction found was that older 

adults appear to outperform younger adults in prospective memory tasks with a naturalistic setting, 

whereas the reverse is true in laboratory settings.  For the latter, they found that prospective 

memory tasks with greater strategy requirements yielded larger effect sizes.  Naturalistic settings 

allow for external cues, with which older adults are likely to have more experience.  It may be that 

variations in abstraction from normal life and strategic demands may underlie some of the variation 

in study findings.  

Non-declarative memory.  Non-declarative, or implicit, memory is largely untouched by 

healthy ageing (Drag & Bieliauskas, 2010; Hultsch et al., 1992; Mitchell & Bruss, 2003).  As strategic 

and effortful processes are suggested to be most affected by ageing, implicit processes, being 

automatic, are expected to be least affected (Laver, 2009).  This dissociation has been found when 

directly contrasting explicit and implicit memory forms in healthy ageing (Monti et al., 1996; Salvato, 

Patai, & Nobre, 2016).  It has been suggested that perceptual priming is affected by age (Chiarello & 

Hoyer, 1988).  However, this change is minimal in comparison to the changes seen in explicit 

memory in the absence of pathology (Fleischman et al., 2004).  Preserved implicit memory (no group 

differences between younger and older adults) has been found for semantic and episodic priming 
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tasks (Laver, 2009), memory-driven orientation of attention (Salvato et al., 2016), and expert skill-

based decision making (Morrow et al., 2008). 

Memory changes in the oldest old.  The population of oldest old is rapidly increasing, a 

group who experience a high rate of cognitive decline and dementia.  A New Zealand study (Lamont, 

2006) examined changes in memory over a two year period in three age groups; 20-40 (n = 40), 50-

70 (n = 44) and over 85 (n = 42).  Measures were devised to test prospective memory, face memory, 

verbal, non-verbal, working and short-term memory sub-types.  All memory types showed some 

degree of decline in a linear manner from 50 to 70 years of age, although some types had a steeper 

trajectory than others.  In this study there was a change towards steeper decline for those in their 

mid to late 80s (compared to younger adults), with prospective, verbal, non-verbal and working 

memory most affected.  This is consistent with findings by Fleischman et al. (2004), who estimated 

the rate of loss for explicit memory being twice as fast at 85, compared with 75.  Further, in the BASE 

study, the trajectory of memory decline was found to be greater among the oldest old, in 

comparison to other participants (Singer et al., 2003).  Semantic knowledge began to decline in 

participants over the age of 90, after remaining stable for most of the lifespan. 

In contrast Hickman, Howieson, Dame, Sexton and Kaye (2000) found no significant 

difference in the rate of decline between young-old (ages 65 to 74; n = 33) and oldest-old (ages 84 to 

93; n = 20).  Participants in this study were healthy and without signs of dementia at baseline, given 

a full battery of neuropsychological tests annually for four years.  Both baseline differences between 

the age groups and annual decline were found for verbal and non-verbal memory.  The authors 

noted a possible limitation, with evidence of a practice effect on logical memory test despite tests 

being a year apart.  As with many studies of cognition in the oldest old, this was limited by a small 

sample size.  The absence of a significant group difference in rate of decline in this study might relate 

to a selection bias whereby healthy oldest-old who do not show signs of cognitive decline are 

inherently above-average and have been declining at a slower rate over their life-span than others.   
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In a longitudinal test (every six months, median follow-up of 1.5 years) of cognition and 

memory in The 90+ Study with non-demented oldest old (n = 13, 90-99 years old), accumulation of 

beta amyloid in the brain was associated with faster deterioration of memory function (Kawas et al., 

2013).  Those with low amyloid concentrations at baseline showed little decline over the study 

duration.  

Progression to pathological change.  In some individuals, the decline of memory may be 

greater than would be expected for a given age.  Mild Cognitive Impairment (MCI) is a term used to 

describe performance on cognitive testing that is below expectation for a given age and educational 

background, without impaired IADLs.  When the primary issue is memory, this is referred to as 

amnestic MCI (Petersen et al., 2001).  Amnesic MCI carries an elevated risk of progression to 

dementia and can be a prodromal phase of dementia (Albert et al., 2011; Dubois & Albert, 2004).  An 

Australian epidemiological study (n = 1037) found a prevalence of 34.8% MCI and 19.3% amnestic 

MCI, within a sample of non-demented older adults aged 70-90 years (Sachdev et al., 2010). 

Non-pharmaceutical interventions, such as memory training, have been investigated as 

possible means to ameliorate changes in MCI and potentially slow progression to AD.  Brodaty et al. 

(2011) suggest that delaying the onset of dementia by two years on average would reduce the 

prevalence of the disease by 16%.  Research thus far has produced mixed findings regarding the 

efficacy of such interventions.  Some studies report improved memory function in older adults with 

MCI following intervention (Olchik, Farina, Steibel, Teixeira, & Yassuda, 2013; Singh et al., 2014; 

Valenzuela & Sachdev, 2009) yet others have found no effect (Rapp, Brenes, & Marsh, 2002; Slegers, 

van Boxtel, & Jolles, 2008).  Some researchers have suggested that it is not yet possible to draw firm 

conclusions from current research, due to heterogeneity in methodology (Reijnders, van Heugten, & 

van Boxtel, 2013) as well as limitations of current studies (Belleville, 2008; O'Caoimh et al., 2015; 

Stott & Spector, 2011). They argue that further research is needed.  However, others argue that 

memory and/or cognitive training cannot alter the underlying pathology or attenuate change in 
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concurrently declining areas to an extent that would delay functional losses (Ratner & Atkinson, 

2015). 

In summary, memory tends to decline with age but the extent and trajectory of change 

varies between memory systems and across the lifespan.  Variation in performance between and 

within individuals also increases with age.  Disparate findings between studies highlight the 

complexity of memory as a construct and its metamorphosis with age.  In addition, methodological 

differences in population, sampling, study design and memory measurement may account for some 

variation in results.  Nevertheless, given the significance of memory and the ageing population, the 

study of memory decline, and potential means to slow or reverse this, is important.   

 

Neural changes in healthy ageing  

Brain changes.  Cortical thinning and total brain volume decreases occur with normal 

healthy ageing and are generally associated with poorer cognitive performance.  Total brain volume 

has been found to decrease with normal ageing, with the frontal and temporal lobes appearing most 

vulnerable to atrophy (Fjell & Walhovd, 2010; Pfefferbaum et al., 2013; Scahill et al., 2003; Wisse et 

al., 2014).  Grey matter volume losses in healthy ageing are thought to be attributable 

predominantly to reduced synapses and shrinkage of neurones (Fjell & Walhovd, 2010).  The rate of 

loss is non-linear (Pfefferbaum et al., 2013) and increases with age, especially after 70 years (Scahill 

et al., 2003).  It should be noted, however, that there are substantial intra-individual variations in the 

extent of change over time (Raz, Ghisletta, Rodrigue, Kennedy, & Lindenberger, 2010).  Results from 

some studies of brain volume changes appear to differ with regard to the rate of change or regions 

most affected (Fjell et al., 2014).  This may be due to the limitations of cross-sectional studies, given 

the substantial differences between individuals and across the lifespan. 

Given its important role in episodic memory, volume changes in the hippocampus with 

healthy ageing are of particular interest.  Raz, Rodrigue, Head, Kennedy and Acker (2004) measured 
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hippocampal and entorhinal cortex volumes longitudinally (five year follow-up) in healthy adults 

aged 26-82 years at baseline.  They found modest volume reduction in the hippocampus, which 

accelerated with age.  After age 50, reduction increased to 1.18% per year.  Declining hippocampal 

volume is associated with poorer memory performance in healthy adults (Persson et al., 2006; K. M. 

Rodrigue, Daugherty, Haacke, & Raz, 2013).  Raz et al. (2004) noted that the entorhinal cortex 

showed significantly less volume reduction and suggested that significant reduction in this region 

might be associated with pathological change, rather than healthy ageing. 

Both grey and white matter show losses with age, although these appear to change 

independently (Resnick, Pham, Kraut, Zonderman, & Davatzikos, 2003).  White matter volume 

appears to increase through progressive myelination until the fourth decade of life and then 

decrease thereafter (Sowell et al., 2003).  Healthy older adults have been reported to show reduced 

“white matter integrity” with age, as measured by diffusion tensor imaging, which has been 

associated with reduced processing speed and cognitive performance (Bennett & Madden, 2014; 

Charlton et al., 2006).   

It has been noted that catecholamine transmission (especially dopamine) attenuates with 

age (Li & Rieckmann, 2014).  A general reduction of neurotransmitter concentration leads to a 

poorer signal to noise ratio and a decrease in overall excitability (Li, Lindenberger, & Frensch, 2000).  

This leads to increased variability and decreased specificity of neural representations, impairing 

memory function (Abdulrahman, Fletcher, Bullmore, & Morcom, 2015).   

Functional changes.  Alongside the structural and neurochemical changes in the brain, many 

differences have been found in patterns of task-related activity between younger and older adults.  

Older adults have been observed to display higher (e.g. Oedekoven, Jansen, Kircher, & Leube, 2013), 

lower (e.g. Grady, Springer, Hongwanishkul, McIntosh, & Winocur, 2006), or equivalent (Düzel, 

Schütze, Yonelinas, & Heinze, 2011) levels of task-related activation to younger adults.  In 

comparison to younger adults, older adults have been found to exhibit higher levels of prefrontal 

activity, with less lateralisation than younger adults (Cabeza, Anderson, Locantore, & McIntosh, 



INTRODUCTION  17 
 

 

2002; Gutchess et al., 2005).  Conversely, younger adults showed higher levels of occipital activation 

(Spreng, Wojtowicz, & Grady, 2010).  A small group of older adults have been found to show “youth-

like” activation patterns, associated with higher task performance (Düzel et al., 2011; Nyberg, 

Lövdén, Riklund, Lindenberger, & Bäckman, 2012).  This suggests that age-related changes can be 

minimal for some individuals, a phenomenon referred to as “brain maintenance”.  These individuals 

therefore maintain high performance with little compensation or loss of specificity in task-related 

neural activity.   

It is crucial that differential activity in groups of older adults is interpreted in relation to task 

performance relative to younger adults (Park & Reuter-Lorenz, 2009).  Where neural activity in high 

performing older participants differs more from that of younger participants than that of low 

performing older participants, the additional activity is more likely to be serving a compensatory role 

(Berlingeri, Danelli, Bottini, Sberna, & Paulesu, 2013).  In contrast, additional activity associated with 

poorer performance is thought to indicate inefficient processing or “dedifferentiation” (reduced 

specificity of neural representations) (Hülür, Ram, Willis, Schaie, & Gerstorf, 2015).   

For example, in a comparison between young, middle aged and older adults, Grady, 

Springer, Hongwanishkul, McIntosh and Winocur (2006) reported decreased task-related activity on 

memory tasks.  This was associated with increased non-task-related activation and poorer 

performance on memory tests, suggesting reduced efficiency and specificity of activation.  However, 

potentially compensatory activity has also been reported, whereby additional activation is 

associated with preserved performance.  For example, older adults have been found to show 

bilateral frontal lobe activation on tasks that typically elicit lateralised frontal activity in youth 

(Cabeza et al., 2002).  Gutchess et al. (2005) found older adults exhibited reduced medial-temporal 

lobe activation in a memory task during encoding relative to younger adults.  However, 

corresponding increases of activation in frontal regions were associated with higher memory 

performance for the older group.  Thus, although there appear to be detrimental neural changes 

that tend to occur with age, other changes appear to compensate for these. 
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Neural plasticity.  Neural plasticity refers to the capability of the brain to remodel neural 

connections in response to differences between environmental demands and system capacity.  

Greenwood (2007) proposed that plasticity may play a role in ameliorating losses across the lifespan 

in the face of the known losses in efficiency due to structural and functional changes with age.  

Loevden, Backman, Lindenberger, Schaefer and Schmiedek (2010) distinguish between plastic 

changes that increase the functional capacity of a neural system and its flexibility in functional 

activation in response to immediate demands.  Thus, increased performance is possible through 

both the acquisition of new knowledge or increased processing efficiency as well as through flexible 

use of the existing capacity. 

Plastic change is a competitive process, that may lead to either synapse gain or loss, and so 

may increase or decrease total cognitive capacity (Greenwood, 2007).  Where environmental 

demands exceed cognitive capacity, positive plastic change might be expected (Loevden et al., 

2010).  On the other hand, if individuals take steps to reduce their cognitive load in response to 

increasing difficulty managing, further loss might ensue.  For example, the deterioration of sensory 

information that occurs with age may interact with decreased system efficiency to reduce active 

learning, thus inducing further loss through negative neural plasticity (Mahncke et al., 2006).  This 

suggests that greater effort is needed with older age to balance losses, consistent with the “use it or 

lose it” hypothesis (Salthouse, 2006).  This is likely to be moderated by individual differences in 

health and level of environmental enrichment. 

Evidence from animal studies suggests that learning experiences may directly increase 

neural plasticity.  Animals kept in environments with greater opportunities for social interaction and 

cognitive stimulation have shown higher memory performance and increased neurotropic factors 

compared with those kept in sparse environments (Mora, 2013).  Enriched environment and exercise 

have been found to increase hippocampal neurogenesis in mice (Brown et al., 2003).  In an 

environmental enrichment study with rats, those in complex environment housing showed increased 
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synapse and neurone density compared to socially paired and individually housed controls (Briones, 

Klintsova, & Greenough, 2004).  Changes persisted after 30 days of exposure to the enriched 

environment, even if returned to individual housing for a further 30 days.  However, others have 

found that the impact of enrichment might be reduced in older animals, compared with exposure to 

enriched environments during development (Markham, Herting, Luszpak, Juraska, & Greenough, 

2009). 

  In human neuroimaging studies, cognitive training has been associated with increased 

cortical thickness (Engvig et al., 2010), as well as structural (Takeuchi et al., 2010) and functional 

connectivity (Suo et al., 2016).  Engvig et al. examined the effect of mental stimulation on the 

macrostructure of brains of older adults (42-77 years).  Participants’ cortical thickness was measured 

via MR imaging before and after eight weeks of training on the use of the Method of Loci mnemonic 

for verbal memory performance.  Recognition and source memory performance and overall cortical 

thickness increased in the training group relative to an inactive control group.  Furthermore, 

increased thickness in the right fusiform and lateral orbitofrontal cortex was positively correlated 

with improvement in memory performance.  These findings support the concept that the benefits of 

cognitive activity are mediated by plastic changes in the brain and have implications for theories of 

cognitive ageing.  

Theories of cognitive ageing.  Incorporating the connections between age, neural structure 

and function, and cognitive performance are crucial for theories of cognitive ageing.  Although 

physical changes in the brain occur from as early as the third decade of life (Salthouse, 2009), 

functional declines are not evident until long after this (Salthouse, 2012).  Several theories have 

attempted to account for both the neurological changes that occur with age and behavioural 

findings that do not appear systematically related to these.  Some suggest a single, underlying 

process of loss with different cognitive processes differentially affected over time, such as 

processing speed (Salthouse, 1996).  Others have highlighted the possible compensatory role of 
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functional changes in the brain’s organisation with age, such as the Hemispheric Asymmetry 

Reduction in Older Adults (HAROLD) model (Cabeza et al., 2004).   

Scaffolding Theory of Ageing and Cognition.  This is a recent theory that has integrated a 

large number of factors found to influence the impact of ageing, with a great deal of flexibility to 

accommodate inter- and intra-individual variability (Park & Reuter-Lorenz, 2009; Reuter-Lorenz & 

Park, 2014).  In 2009 Park and Reuter-Lorenz proposed STAC, suggesting that recruitment of 

alternative neural networks occurs gradually over the lifespan to compensate for a range of neural 

challenges or losses.  In a recent revision of this theory (STAC-r) Reuter-Lorenz and Park have 

expanded their model to include the influences of life experiences, such as an enriched cognitive 

lifestyle, on fundamental brain structure and function, as well as on the extent of compensatory 

scaffolding and the trajectory of cognitive change.  STAC-r (see Figure 1) suggests compensatory 

scaffolding is prompted by cognitive and behavioural challenges experienced, due to brain changes, 

rather than by age itself.  Challenges arise as a result of brain changes seen with ageing, referred to 

as “neural challenges” and functional changes, labelled “functional deterioration”.  To maintain 

current levels of skill in the face of these, adaptive neurocognitive strategies are initiated, referred to 

as “scaffolding”.  However, although behavioural output is maintained in this way, scaffolding is 

thought to be less efficient than the primary network engaged by young brains.  Over the lifespan, 

longitudinal influences may increase pathology load on the brain, being sources of “neural resource 

depletion” (e.g. presence of the APOE-4 gene, associated with an increased rate of amyloid 

deposition, (Jack et al., 2015).  Other factors may prevent losses or support the brain’s capacity for 

compensatory scaffolding, providing “neural resource enrichment” (e.g. education) (Stern et al., 

1994). 
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Figure 1.  A Life Course Model of the revised Scaffolding Theory of Aging and Cognition-revised 
(STAC-r).  The conceptual model shows factors that influence changes in brain structure and 
function, as well as compensation, across the lifespan.  Reproduced, with authors’ permission, from 
“How does it STAC up?  Revisiting the scaffolding theory of aging and cognition,” by P. A. Reuter-
Lorenz and D. C. Park, 2014, Neuropsychology Review, 24(3), p. 360.  

 

STAC-r provides measurable predictions regarding neural activity and cognitive performance 

in older adults.  For example, individual task performance will be determined by a combination of 

losses and compensatory processes.  Thus, the extent of compensatory activity will correlate with 

level of impairment.  Consistent with this, older adults have been found to perform on par with 

younger adults on a syntactic task, despite atrophy of grey matter in the left frontotemporal 

network (Tyler et al., 2010).  Functional imaging revealed higher activation in right frontotemporal 

regions for the older group, associated with the extent of atrophy.  Further, given the efficiency 
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losses with the increasing need for scaffolding, STAC-r predicts that individuals whose task-related 

neural activity deviates most from youth-like networks will have lowest performance on that task.  

This has indeed been observed by Düzel, Schütze, Yonelinas and Heinze (2011) in a functional 

imaging task of incidental encoding of 120 photographic images (indoor and outdoor scenes) and 

delayed recognition (after 85 minutes).  For the older group, the extent of deviation from encoding-

related neural activation in young adults was quantified.  Older adults with activation patterns at 

encoding more similar to those of younger adults were found to show higher performance later 

recognition (judging images to be “new” or “old” and rating level of certainty).  

Cognitive Reserve.  The concept of Cognitive Reserve (CR) has been proposed to explain the 

capacity for some individuals to retain function better than others despite equivalent neural 

pathology (Stern, 2002), a concept that overlaps with elements of the Scaffolding Theory of Aging 

and Cognition-revised (STAC-r) model (see below). Both active and passive explanatory models exist.  

Brain reserve refers to redundancy of brain cells through having a high volume or density of brain 

tissue.  Thus, a given amount of damage is less likely to reduce brain volume below a threshold 

resulting in symptoms.  As an active model of reserve, CR proposes a superior ability to compensate 

for losses via increased activation of spared networks and/or the recruitment of alternative 

networks (Stern, 2002).  Unlike brain reserve, which can be measured by synaptic density, brain 

volume and dendritic branching, CR can only be approximated by variables describing lifetime 

experience.  Occupational attainment, years of education and Intelligence Quotient (IQ) are often 

used as proxies for CR in research (Stern, 2009).  

The CR theory predicts that losses in cognitive performance in healthy ageing will be slower 

for those with a high degree of reserve, regardless of underlying neural changes (Stern, 2009).  

Indeed, Manly, Touradji, Tang and Stern (2003) used literacy as a proxy for CR and found this 

correlated positively with slower memory decline.  Further, performance on memory or other 

cognitive testing are not systematically associated with decreases in white and grey matter volumes 
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seen with normal ageing (Drag & Bieliauskas, 2010).  Stern (2009) suggested that CR is flexible across 

the lifespan and can be influenced by experiences.  This was consistent with a study by Richards and 

Sacker (2003) who tracked individuals from a British cohort born in 1946 to find factors predictive of 

CR in mid-life.  CR was measured using the National Adult Reading Test (NART) score at age 53.  In a 

path analysis, childhood cognition, educational attainment (by age 26) and occupational attainment 

(at age 43) were each found to contribute independently to CR.  There may be some confounding in 

that a degree of innate ability may be required to attain higher education (Habib, Nyberg, & Nilsson, 

2007).  However, the experience of education itself appears to contribute incrementally.  

Furthermore, there appears to be a dose-dependent reduction of cognitive decline with increased 

cognitive activity over the lifespan (Valenzuela & Sachdev, 2009).  This suggests a role for neural 

plasticity in bolstering CR across the lifespan. 

Thus, the STAC-r and CR theories of ageing both recognise the potential for influencing the 

trajectory of age related cognitive losses and retaining high levels of function into old age.  

Undoubtedly, some individuals have a greater cognitive capacity in early life that may compensate 

for progressive losses.  However, cognitive activity in adulthood appears to contribute to the 

formation and strengthening of neural networks that protect against functional losses later in life.  

Reuter-Lorenz and Park (2014) note that targeted interventions may seek to enhance natural 

scaffolding through exercise, cognitive engagement or explicitly training cognitive processes.  The 

authors suggest that cognitive training might improve the efficiency of the primary network, 

reducing the need for scaffolding, or improve compensatory scaffolding.  This provides a rationale 

for training cognitive processes, such as memory, in older adults.   
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Improving memory function and mitigation of loss 

As indicated by findings in epidemiological and CR studies, there appear to be lifestyle 

factors that can be adjusted to support greater cognitive longevity.  These include cognitive activity, 

through targeted training or general mental stimulation through work and leisure, and physical 

health, through exercise and nutrition (Baumgart et al., 2015).  Some studies have reported 

improvement in memory function for older adults with training programmes targeting memory, 

either specifically or as part of a range of cognitive functions (Kelly et al., 2014; Papp, Walsh, & 

Snyder, 2009; Zinke et al., 2014).  However, there is much debate as to whether these improvements 

generalise to untrained tasks and to memory functioning in daily life (Noack, Lövdén, & Schmiedek, 

2014; Shipstead, Redick, & Engle, 2012).  Measuring whether improvements following training 

programmes are “meaningful” is difficult due to the limitations of laboratory and subjective 

measures to estimate functioning in the complexity of daily life where individual demands vary 

greatly.  Many studies are also limited by inadequate control conditions that do not account for 

participant expectations, motivation and general placebo effects (Melby-Lervåg & Hulme, 2013).  

Investigation into the benefits of targeted memory training relative to general mental stimulation is 

ongoing.  Further work is needed to establish what aspects of training are beneficial and what 

protocol is best for delivering these (Lampit, Hallock, & Valenzuela, 2014).   

Assessment of memory training.  The ultimate goal of memory training is to demonstrate a 

benefit, or to delay losses, in the performance of tasks of daily living that require memory functions.  

Several diverse metrics have been used in assessing the effectiveness of memory training.  Designs 

that utilize measurements administered prior to, and after an intervention can indicate whether 

there has been improvements on the task directly trained, tasks involving targeted and non-targeted 

memory processes, IADLs and subjective impression of memory function.  Long-term follow-up can 

give an indication of the persistence of effects and any protective effects for future decline.   
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Robust testing of memory training, as with other psychological interventions, requires 

comparison with an adequate control condition (Melby-Lervåg & Hulme, 2013; Noack et al., 2014).  

Mohr et al. (2009) note that the inferences that can be made from an RCT about the effectiveness of 

an intervention rely heavily on the control condition used.  Control conditions can be divided into 

those providing no treatment, placebo treatment, or a specific component of active treatment.  No 

treatment, or a design involving waitlisted controls, can overestimate treatment effects, as 

participants who expect that an intervention will benefit their memory are likely to perform better 

than those who do not expect improvement or know that they are not receiving an intervention 

(Melby-Lervåg & Hulme, 2013; Mohr et al., 2009).  Active controls, such as placebo conditions, 

control for these expectations if participants believe that they are receiving an intervention.  The 

inclusion of a component of treatment in a control condition can lead to genuine improvement in 

that group and therefore result in reduced power to detect differences from between the control 

and intervention.  However, this contrast can give powerful information, as differential 

improvements can then be attributed to the remaining aspects of the experimental intervention.  

The choice of control condition should be guided by the theoretical basis of the intervention and the 

specific hypotheses of the study (Mohr et al., 2009). 

Generalisation of effects.  Outcome measures can be classified as “near” and “far” transfer 

within a given functional context (Barnett & Ceci, 2002).  Near transfer refers to the improvement on 

tests of the trained ability (for example, testing number digit sequencing following an n-back training 

task).  This assumes a common network is recruited to complete all working memory tasks 

(Klingberg, 2010).  In contrast, far transfer refers to improvement on other memory abilities not 

directly related to the trained task.  For example, speed of processing gains on a visual training task 

transferring to improved driving skill in a simulator and on-road (Roenker, Cissell, Ball, Wadley, & 

Edwards, 2003).  Participants were selected for having a poor “useful field of view”, which showed 

improvements following training.  The visual modality trained has direct relevance to the visual 

scanning needed for good driving but would be considered far transfer because the skills tested 
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require integration with other neural systems and a manual output (Zelinski, 2009).  In selecting 

tasks for evaluating the efficacy of a memory programme, choices of far transfer abilities should be 

theoretically based.  Where skills are thought to share a common network, a mechanism for transfer 

can be proposed and therefore a clear rationale for expecting this (Noack et al., 2014). 

Although driving is an example of a task of everyday functioning, this was done with a 

population showing a specific weakness.  Generalisation of many cognitive benefits to daily life are 

difficult to test, as older adults frequently maintain high levels of daily functioning even when 

laboratory measures suggest memory deficits.  However, some researchers have utilised tasks that 

they argue approximate daily life (ecologically valid), such as recalling details of a story, face-name 

pairs, or items required from a shopping list (Cavallini et al., 2003).  Others have used measures of 

IADLs, such as problem solving with printed materials (such as the phone book or medication labels) 

or behavioural simulations (for example, making change in simulated financial transactions) (Burton, 

Strauss, Hultsch, & Hunter, 2006; Willis et al., 2006).  These measures have some limitations, 

however, as declines in such tasks would not be expected in normal healthy ageing.  Thus, these 

might be most helpful in very long-term follow-up (e.g. Rebok et al., 2014). 

Subjective assessment of memory.  Subjective memory complaints are commonly reported 

with age and many studies include a subjective, self-reported measure of participants’ memory 

performance.  Frequently used measures include the Cognitive Failures Questionnaire (Broadbent, 

Cooper, FitzGerald, & Parkes, 1982; Wallace, Kass, & Stanny, 2002), the Memory Functioning 

Questionnaire (Gilewski, Zelinski, & Schaie, 1990) and the Everyday Memory Questionnaire - revised 

(EMQ-r, Royle & Lincoln, 2008).  These purport to measure participants’ beliefs about their memory 

function in daily life through self-reported endorsement of various memory failures in everyday life.  

Although subjective measures of memory have been found to be reliable (for example, the EMQ-r 

has good psychometric properties, with strong internal reliability: Cronbach’s alpha = .92 and test-

retest reliability, r = .85), some have questioned their validity (Uttl & Kibreab, 2011). 
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Subjective reports of memory have shown little association with objective memory 

measures in cross-sectional studies (Mendes et al., 2008; Suo et al., 2016).  Pearman and Storandt 

(2004) found that the personality traits of conscientiousness, self-esteem and neuroticism explained 

approximately a third of the variance in subjective memory complaints.  Mood difficulties, such as 

depression and anxiety are also associated with subjective memory complaints (Yates, Clare, & 

Woods, 2015).  An objective memory measure (the Wechsler Logical Memory test) explained only 

4% of the variance in subjective memory complaints.  However, the relationship between subjective 

and objective memory measures appears to be somewhat stronger when measuring change in 

performance over time (Reid & Maclullich, 2006).   

Rönnlund, Nyberg, Bäckman and Nilsson (2005) found that older adults’ subjective memory 

ratings were predictive of dementia development over 10 year follow-up.  The most predictive rating 

was a response that others comment on their poor memory “often/usually” – which had a Hazard 

Ratio (HR) of 3.94 relative to those who did not endorse this.  Baseline episodic memory was also a 

significant predictor for dementia but accounting for this in the predictive model only slightly 

reduced the HR of the subjective report.  The authors suggested that both objective and subjective 

measures give information about memory processes and changes but potentially via different 

mechanisms.  However, the predictive value of subjective memory complaints is still low, as they are 

likely to be reported by individuals free from pathological changes in memory.  Overall it appears 

that subjective memory measures may provide an adjunct to objective memory measures.  In 

studies of memory change this might give some indication of participants’ own sense of relative 

memory difficulty over time.  

Targeted memory training.  Owing to the large range of terminology used in the field of 

cognitive training, Gates and Valenzuela (2010) proposed the operational definition that this must 

include four facets:  1) repeated practice, 2) on tasks with an inherent problem, 3) using standardized 

tasks, 4) that target specific cognitive domains.  Memory is a frequently targeted cognitive domain.  A 
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number of commercial packages claim they directly improve memory function through neural 

plasticity induced by repeated practice, provision of memory strategies, or both.  Currently available 

research suggests that such training is, at a minimum, not harmful and evidence has been found for 

improvement in at least some memory subtypes (Kelly et al., 2014).  Future refinement of protocol 

and strategy combinations might lead to more robust improvements (Lampit et al., 2014). 

Memory strategies.  Because age-related memory difficulty is most pronounced where the 

demand for strategic, effortful processes are high (Drag & Bieliauskas, 2010), one approach to 

amelioration is the introduction of formal memory strategies (e.g. Ball et al., 2002; Brehmer, Shing, 

Heekeren, Lindenberger, & Bäckman, 2016; Kirchhoff, Anderson, Barch, & Jacoby, 2012).  These do 

not change memory capacity per se but improve memory performance through the use of executive 

function. In terms of the STAC-r model, this would be considered to bolster compensatory 

scaffolding, which mediates the relationship between brain structure/functioning and the level/rate 

of change of cognitive functioning.   

Learning, implementing and benefiting from new memory strategies is possible at any age 

(Cavallini et al., 2003; Verhaeghen, Marcoen, & Goossens, 1992).  Several strategies have proven 

successful in supporting memory function for younger and older adults (Brehmer et al., 2016), 

although benefits might be more modest for older adults (Ball et al., 2002; Verhaeghen et al., 1992).  

These may include external supports located in the environment, or internal, cognitive, strategies.  

External strategies utilise prompts and reminders, such as diaries, notes, lists, calendars, alarms, 

phone or computer prompts or physical reminders (such as placing a letter to post under one’s car 

keys).  Internal strategies are cognitive strategies that improve encoding and retrieval without 

environmental supports.  A large range of memory strategies exist including; chunking, elaborative 

encoding and mnemonics. 

Older adults are more likely to engage in these strategies than younger adults and show 

more motivation to implement changes to aid memory (Henry et al., 2004).  This has been suggested 
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as a factor in continued use of strategies and generalisation to daily life (Rebok, Carlson, & 

Langbaurn, 2007).  It has been suggested that generalisation can be promoted by stipulating how 

memory strategies might be applied (Cavallini, Dunlosky, Bottiroli, Hertzog, & Vecchi, 2010).  Two 

groups of older adults were trained on the use of common mnemonic strategies for learning paired 

associates and word lists.  The members of one group were then given instructions on how to apply 

the learned strategies with new materials.  Participants were tested on memory for; text, name-face 

pairs, grocery lists and places.  The level of transfer from trained task gains to other tasks was 

significantly higher for the group who were given instructions than the control group who were 

given mnemonic training but no instructions for application. 

Chunking is a strategy to maximise the capacity of short-term memory by organising long 

strings of items into a series of “chunks” (Miller, 1956).  For example, the number 286819472 could 

be more easily remembered as 286 819 472.  This allows the finite number of short-term memory 

“spaces” to accommodate a larger number of items.  This strategy can be applied to a variety of 

information types and complexities, including verbal and visual information.  An effective form of 

chunking uses conceptual categories from long-term memory to arrange information, for example 

remembering items from word lists by associating related items (Hyde & Jenkins, 1973).  Visual 

information can be “chunked” by grouping elements that form a shape or pattern, such as chess 

pieces arranged on a board that make a meaningful strategy (Egan & Schwartz, 1979). 

Craik and Tulving (1975) showed that the durability of episodic memory traces relates 

directly to the “depth” of processing engaged in the encoding phase.  On learning word lists, 

conditions prompting a high degree of semantic involvement (e.g. considering a word’s category) led 

to better recall than those with low semantic involvement (e.g. observing a word’s font).  This 

principle can be used to intentionally improve memory performance through elaborative rehearsal, 

consciously forming associations between existing long-term memory and items to be remembered.  

Thus, the number of neural traces relating to an item is increased, potentiating later retrieval.  
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Neural representation of items to be remembered can also be increased by simultaneously 

activating visual and verbal pathways, referred to as dual encoding (Paivio, 1991).  For verbal 

information, imagery can be invoked and for visual information, items can be mentally named. 

Mnemonics are memory devices that draw upon a range of underlying strategies, including 

elaborative encoding, retrieval cues and imagery.  One example is the Method of Loci, which has 

been found to be effective in enhancing memory performance for older adults (Cavallini et al., 

2003).  A sequence of locations is learnt such that it can be mentally held in mind, as visuospatial 

images.  Items to be remembered are then sequentially associated with a location.  This method is 

highly flexible and can be successfully used with various types of information. 

Training to induce neural plasticity.  Some memory programmes provide intensive practice, 

either instead of or alongside strategic memory training, to increase the capacity of the underlying 

neural networks.   Neural plasticity appears to be preserved throughout the lifespan (Loevden et al., 

2010), although not to the same extent as is seen in younger adults and may be further impaired in 

MCI (Hedden & Gabrieli, 2004).  Training inducing positive changes through this mechanism might 

directly slow or reverse age-related cognitive decline.  This might offset negative plastic change 

thought to contribute to age-related losses (Mahncke et al., 2006). 

Brehmer et al. (2016) found that children, young adults and older adults made similar 

performance gains in memorising word pairs, when trained in a memory strategy.  Further, 

examination with imaging of participants’ pattern of neural activation seen with successful memory 

encoding (“encoding mode”) for all groups changed in a similar way after training.  Thus, memory 

systems seem able to undergo positive plastic changes across the lifespan. 

Efficacy of existing memory training programmes.  To date, a number of diverse 

interventions targeting memory have been investigated.  These range widely in the specificity of 

targets, from memory or subtypes of memory, to holistic programmes including a range of cognitive 
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functions alongside physical training and social engagement.  Methods of delivery vary, with remote, 

supervised, individual and group permutations.  Frequency and duration of training also vary greatly.  

Thus there is a rich dataset available on aspects that might contribute to the success of memory 

interventions.  This brief overview will focus predominantly on those studies that have reported 

memory among their outcome measures.  

Working memory training.  Working memory is thought to support other forms of memory 

and is greatly affected by age.  This has therefore been a target for specific training (for example, 

Brehmer, Westerberg, & Backman, 2012; Li et al., 2008).  Brehmer, Westerberg and Backman (2012) 

suggested that working memory training based on the principles of neural plasticity may ameliorate 

or reverse memory decrements that occur with age.  Working memory training has been found to 

improve performance on trained tasks in both young and older adults and training-related 

neuroplasticity has been reported (Constantinidis & Klingberg, 2016).  However, the degree to which 

this improvement transfers to other tasks and the maintenance of this remain unclear.  

Li et al. (2008) investigated the effect of computerised training of a spatial working memory 

task with set levels of difficulty.  A younger group (20-30 years, n= 19) and an older group (70-80 

years, n= 21) completed training for 15 minutes daily, over 45 days.  Each training session included 

four sessions of a two- back task followed by four sessions of a complex two-back task requiring 

mental rotation.  Near transfer measures used were numerical n-back and spatial three-back tests.  

Far transfer testing comprised two complex memory span tasks and decision speed tasks with spatial 

and numerical stimuli.  Performance on the practiced task and near transfer tests improved for both 

intervention age groups, compared with the no-contact control group.  No improvement was seen 

on far transfer tests for any group.  The control groups showed no improvement on any test.  At 

three month follow up, the younger intervention group had maintained their improvement.  The 

older group lost some, but not all, of the improvement.  The authors suggested that the 

improvement was due to plastic change in response to increased environmental demands, 
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suggesting that change is attainable in later life but may simply be less stable than in youth.  

However, the transfer tasks described closely approximate the trained tasks and therefore may be a 

limited indication of generalisation. 

Cogmed is a computerised working memory programme purported to drive positive neural 

plasticity via repeated performance a range of tasks with adaptive difficulty (increasing with 

successful performance).  Efficacy of the Cogmed programme was tested in a randomised controlled 

trial, with young (20-30 years; n=55) and older (60-70 years; n=45) participants (Brehmer et al., 

2012).  Intervention group participants completed five weeks of Cogmed computer training of spatial 

and verbal working memory, on an adaptive difficulty version (difficulty adjusts with success and 

failure).  Participants in the active control group trained on a version set to low difficulty (constant) 

and were told to work on their speed, an instruction given to maintain engagement.  Near transfer 

of improvement was measured with spatial span forwards and backwards and digit span forwards 

and backwards.  Far transfer effects tested were verbal memory (Rey Auditory Verbal Learning Test; 

RAVLT) as well as measures of sustained attention, processing speed and non-verbal reasoning.  

Participants also completed a subjective memory complaints questionnaire (Cognitive Failures 

Questionnaire; CFQ) before and after training.   

Training task improvement was significantly greater for younger than older adults.  Near 

transfer tasks showed significantly more improvement in the intervention groups relative to the 

control group.  The improvement on spatial span was greater for younger than older participants.  

Far transfer was not found in other memory types.  Intervention participants in both age groups 

showed reduction in CFQ scores.  These results suggest that older adults can increase performance 

on trained tasks with working memory training, although to a lesser extent than younger adults.  

Further, there is little evidence to suggest that performance gains can benefit memory beyond other 

working memory tasks. 
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Others have reported transfer effects, and maintenance of these, from very brief training.  

Borella, Carretti, Riboldi and De Beni (2010) examined the effect of three one hour sessions of verbal 

working memory training, over two weeks, with older adults (65-75 years; n = 40).  The control 

group attended the same number of sessions and completed pen and paper questionnaires.  

Relative to controls, trained participants showed improvement on the trained task and transfer gains 

to measures of visual working memory, short-term memory, matrix completion (Cattell test), 

inhibition (Stroop colour task) and processing speed.  The group differences persisted at 8 months 

follow-up for processing speed and matrix completion.  Although promising, this study had a small 

sample size and a relatively inactive control task where control participants would not have believed 

they were receiving training.  Zinke et al. (2014) provided group training for older adults (n = 80; 65-

95 years) on visuospatial, verbal and executive working memory tasks for three weeks.  The control 

group completed pre- and post- testing only.  Improvement was reported on the trained verbal 

working memory task and Raven’s Progressive Matrices, which persisted at nine month follow-up.  

The authors noted that, although older adults did show improvement on transfer tasks with training, 

older age was associated with lower transfer gains.   

These studies suggest that training can lead to improvements in working memory task 

performance in older adults.  However, the control conditions used were not matched to 

interventions for face validity (likely to give rise to a placebo effect) or level of engagement (related 

to motivation).  Studies of working memory training have been widely criticised for lacking 

adequately matched control conditions.  Further, the hypothesis that working memory improvement 

would generalise to other forms of memory or cognitive processes has been called into question 

(Melby-Lervåg & Hulme, 2016; Shipstead et al., 2012).  A meta-analysis of 23 studies found a 

moderate training effect size when training groups were compared to inactive controls but zero 

when compared to active control groups (Melby-Lervåg & Hulme, 2013).  Lampit et al. (2014) 

conducted a meta-analysis of nine studies of specific working-memory training for healthy older 

adults and found that the confidence interval for effect size crossed zero.  They concluded that there 
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was no evidence supporting the use of working memory training as a sole target.  However, meta-

analysis of 23 multi-domain training studies revealed a small to medium effect size of training on 

memory performance, suggesting that further research might elucidate the value of training working 

memory alongside other memory subtypes.   

Multiple skill training.  Several studies have investigated the potential for memory 

improvement in older adults from training that targets multiple aspects of memory or cognitive 

processes.  Notably, Mahncke et al. (2006) tested the benefits of a programme developed to 

attenuate negative plastic changes implicated in age-related cognitive decline.  Training was 

delivered via computer and targeted stimulus recognition, discrimination, sequencing and memory 

for aurally presented stimuli (60 min per day, 5 days per week, 8–10 weeks).  Both active and 

inactive control groups were included, with the active control watching educational lectures on the 

computer.  Although the inclusion of a control group with a potentially engaging is more informative 

than a non-contact group only, this task may not clearly eliminate potential placebo or other non-

specific effects.    

Pre- and post-intervention testing was completed with the Repeatable Battery for the 

Assessment of Neuropsychological Status (RBANS) which contains measures of immediate memory, 

visuospatial/constructional, language, attention, delayed memory.  Significant improvement was 

found on all of the trained tasks, in both training and active control groups, but not for the inactive 

control group.  Significant improvement was found in the measures of memory (near transfer) in the 

intervention group only.  Three month follow-up was done with only the Digit Span Forwards 

subtest, in which the intervention group alone performed significantly better than at baseline.  

However, the time requirement of an hour per day for 8-10 weeks may be a hindrance to 

acceptability.  Most of the 10% who withdrew from the study cited the time requirement as the 

reason.    

The Improvement in Memory with Plasticity-based Adaptive Cognitive Training (IMPACT) 

study (G. E. Smith et al., 2009) largely replicated the findings of Mahncke et al. (2006) with a large 
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sample of participants aged 65 years and over (n = 487).  The active control group received a general 

cognitive stimulation programme matched to the intervention for intensity and novelty but did not 

train auditory system function.  In addition to improvement on trained tasks and RBANS, outcome 

measures used were; RAVLT, Letter-Number Sequencing (LNS) and Digit Span backwards subtests 

from the Wechsler Memory Scale (WMS-III), Rivermead Behavioural Memory Test (RBMT) 

immediate and delayed recall, as well as a subjective measure, the Cognitive Self-Report 

Questionnaire (CSRQ-25).  Of the additional measures, the intervention group improved significantly 

more than the control group on RAVLT and Digit Span backwards and LNS tests only.   Zelinski et al. 

(2011) completed follow up testing with participants of IMPACT, after a three month non-contact 

period.  All of the effects seen were reduced compared to testing immediately after training. 

Reduction in training benefits at follow-up is consistent with findings from other cognitive training 

studies (Lampit et al., 2014).  Intervention participants retained performance significantly above 

baseline only for Letter-Number Sequencing and RAVLT immediate recall.  This replication supports 

the concept that training in older adults may effectively improve memory and, to some degree, 

transfer to untrained memory tasks.  Importantly, training effects were found relative to an active 

control condition.  However, the limited retention of gains suggests that current training alone is not 

sufficient for lasting, useful improvement.  Given multiple findings that working memory can be 

improved by training without showing improved performance on tasks of other forms of memory, it 

is possible that working memory may not be a meaningful target for training in the absence of 

additional processes to facilitate transfer. 

A large-scale RCT (n=2832; 65 and over), Advanced Cognitive Training for Independent and 

Vital Elderly (ACTIVE) compared the relative success of three training groups and an inactive control 

group (Rebok et al., 2014).  Training participants received 10 sessions of training on memory 

(episodic memory through strategy use and practice), reasoning (solving serial pattern problems) or 

processing speed (visual search and increasing processing complexity).  Four booster sessions were 

included for a subset of participants at 11 and 35 months after the initial training, to test if this 
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would improve the durability of training effects.  Immediately after training and persisting at five 

year follow-up, all groups showed improvement in the skill trained, compared with the control group 

and other skill groups.  Maintenance of training effects was tested with a 10 year follow-up.  

Although processing speed and reasoning training retained their training effect, no effect of memory 

training was found.  Similarly, booster training had no effect for the memory group but had a 

positive effect in the other two training groups, compared to participants who did not receive 

booster training.   

Participants in all training groups reported reduced difficulty with IADLs compared to the 

control group.  These differential levels of reported difficulty emerged between the third and fifth 

years of follow-up and remained stable to year 10, even though cognitive ability gains dissipated 

over time.  Rebok et al. (2014) proposed that the cognitive effect caused a change, either in daily 

functioning or in broader engagement, being self-perpetuating once made.  However, these 

improvements were found only for the self-report measure and no group differences were found on 

the performance-based measures of everyday function.   

Rebok et al. (2014) questioned whether structural changes with normal ageing or 

pathological states associated with age may impair the ability to maintain changes to memory 

systems.  They suggested that memory training might simply need greater dosing or more extensive 

practice to create durable effects.  However, a meta-analysis of effect mediators in computerised 

cognitive training (including 52 studies) has found that training does not have a linear dose effect 

and that more than three sessions per week is ineffective (Lampit et al., 2014).  A key finding of 

Rebok et al. was the degree of specificity of gains to the particular cognitive function trained.  Thus, 

it may be most helpful to train a combination of functions that show clear links to the aspects of 

daily functioning impaired with age.   

The evidence supporting cognitive training is limited by the lack of robust active control 

conditions in many studies (Gates & Valenzuela, 2010; Melby-Lervåg & Hulme, 2013).  Meta-analysis 
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of cognitive training has shown benefits in working memory compared with active controls and, 

compared with inactive controls, improvement has been found in face-name recall, immediate 

recall, paired associates (Kelly et al., 2014).  However, only the benefit for working memory was 

significant when training was compared with active control interventions.  Martin et al. (2011) found 

evidence of improved immediate and delayed verbal memory but noted that effect sizes were often 

reduced by the inclusion of an active control condition.   

General Mental stimulation.  General mental stimulation refers to engagement in mentally 

stimulating activities.  This includes a diverse range of activities such as; crossword puzzles, reading, 

playing chess, learning a new skill or playing a musical instrument (Kelly et al., 2014).  As noted in the 

CR literature, a high level of cognitive engagement in daily life has been associated with reduced 

incidence of dementia in epidemiological research (Fratiglioni et al., 2004; R. S. Wilson et al., 2002).  

Because mental stimulation is commonly naturalistic (often leisure or work-related activities), this 

might more easily fit into people’s daily lives than dedicated cognitive training, increasing the 

likelihood of maintaining the activity long-term and generalisation of benefits (Kelly et al., 2014).  

Thus, a number of randomised controlled trials have sought to evaluate the effectiveness of 

increasing the level of mental stimulation in daily life for preserving or improving older adults’ 

memory function.  

Noice and Noice (2008) investigated the effect of acting classes on a range of outcome 

measures, including memory, as compared with both inactive and singing class control groups.  The 

authors suggested that acting provides an impressive array of features found to be beneficial in 

successful ageing, including novelty and multi-modal stimulation, as well as being effortful, 

enjoyable and emotionally engaging.  There was no memorisation component, as lines were read 

from written scripts.  Intervention participants undertook lessons twice a week for four weeks.  

Following this, only the acting group improved on measures of word recall, prose 

comprehension/recall and word generation but not digit span. 
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A common cognitively stimulating activity in older age is to engage in volunteer work.  This 

has several possible benefits through increased cognitive, physical and social activity, and potentially 

an increased sense of purpose.  Experience Corps® (EC) is a community programme whereby elders 

do voluntary work 15 hours per week, helping elementary school students in reading and classroom 

behaviour.  Preparation entailed two weeks of intensive group training.  Carlson et al. (2008) 

recruited sedentary older adults, considered to be at elevated risk of cognitive decline due to their 

sociodemographic characteristics, and took measures of executive function, as well as verbal and 

visuo-spatial memory before and after participation.  Compared to the waitlist control group, EC 

participants showed significant improvement on the executive function task.  Delayed recall of 

visuospatial stimuli showed a trend towards improvement in the EC group but no memory measures 

reached significance. 

Given the increasing emphasis on technology over recent years, learning computing skills 

seems intuitively beneficial as well as an opportunity for taking part in a cognitive stimulating 

activity.  However, mixed results have been found when investigating the benefits of learning 

computer skills for older adults.  In an RCT, Slegers, van Boxtel and Jolles (2008) found no significant 

differences between trained and untrained groups on a range of measures, including social well-

being and quality of life, and mental functioning as measured by the Mini-Mental State Examination 

(MMSE).  Nor did they find a link between level of computer use and any outcome variable.  

However, this training was brief (three four-hour sessions over two weeks) and thus may not have 

been of sufficient duration to have a significant impact.  In addition, memory functions, including 

learning, essentially were not tested in the outcome measures, as the MMSE is a screening measure 

of cognitive decline rather than a measure of cognitive ability.  By contrast, Klusmann et al. (2010) 

explored the relative effects of intensive computer skill training compared with an equal duration of 

physical exercise and an inactive control, with healthy older women.  For six months, intervention 

participants completed three 1.5 hour sessions per week of either a computer skills course or 

exercise (including both aerobic and strength training).  Both active groups showed significant 
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improvement on story recall, word recall and working memory measures, and attenuated decline in 

delayed word recall and working memory compared with the inactive control.   

In a systematic review and meta-analysis Kelly et al. (2014) attempted to conduct a meta-

analysis but noted the highly heterogeneous nature of studies and wide range of activities that can 

be said to constitute mental stimulation.  Due to the small number of studies, and consequent 

scarcity of data (386 participants completed mental stimulation interventions in studies, compared 

to 1806 who completed cognitive training), as well as disparate outcome measures, the authors 

were unable to carry out the meta-analysis and instead conducted a systematic review. All included 

studies reported better performance on at least one cognitive outcome measure following mental 

stimulation, relative to no-intervention control groups.  However, persistence of effects was low, 

with no studies showing effects maintained at follow-up, where this was included. 

In direct comparisons between mental stimulation and cognitive training, benefits have 

often been comparable or even occasionally in favour of mental stimulation.  For example, Borness, 

Proudfoot, Crawford and Valenzuela (2013) reported limited benefits of online cognitive training 

(20min times 3 per week, for 16 weeks) compared with an active control condition – watching brief 

nature documentaries.  Interestingly, they noted that their active control condition showed 

significant improvements in self-reported quality of life, stress and psychological well-being. 

In a systematic review  (Gates et al., 2011) reported that mental stimulation produced 

moderate to large effect sizes for improving memory in MCI populations, larger than those for 

memory strategies.  With healthy older adults, general mental stimulation has resulted in 

improvement on several memory tasks relative to inactive controls (Kelly et al., 2014).  Martin et al. 

(2011) noted that active control interventions often produce similar improvements to cognitive 

training interventions in mild cognitive impairment.  These control interventions often include a 

degree of mental stimulation (for example, watching documentaries or lectures).  Thus, more 

research on effects of general mental stimulation appears warranted (Kelly et al., 2014).  Mental 
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stimulation controls would also be valuable in studies of memory training and when considering 

what aspects of training produce benefits. 

Other approaches to memory improvement.  Studies of “successful ageing” have identified 

a range of contributing factors; genetic (Haan, Shemanski, Jagust, Manolio, & Kuller, 1999), health 

status (Thornton et al., 2007), stress (Stawski, Sliwinski, & Smyth, 2006) and cognitive engagement 

(Hultsch, Hertzog, Small, & Dixon, 1999; Salthouse, 2006; Van der Elst, Van Boxtel, & Jolles, 2012).  

When considering public health, the focus is on risk factors that are modifiable, such as individuals’ 

level of social engagement or physical activity. 

Social engagement.  It has been observed in studies of ageing that a high level of social 

engagement is associated with reduced risk of cognitive decline and dementia (Fratiglioni et al., 

2004).  However, findings have been mixed, with some models suggesting that cognitive decline may 

predict reduced social engagement, rather than the reverse (C. L. Brown et al., 2012). 

In the context of memory training, group training has been found to be effective (K. Radford, 

Lah, Thayer, & Miller, 2011; Radford, Lah, Thayer, Say, & Miller, 2012), and to produce greater 

treatment gains for memory training than individual training (Valentijn et al., 2005; Verhaeghen et 

al., 1992).  In direct comparisons between group and individual memory training, groups have been 

found to produce larger gains in subjective memory measures, such as memory self-efficacy 

(Hastings & West, 2009).  There have been some conflicting findings regarding the extent of the 

advantage of groups over home-based training.  Lampit et al. (2014) found home-based training 

ineffective relative to group-based training, whereas others have found the advantage of groups on 

objective memory measures to be small (Valentijn et al., 2005) or absent (Hastings & West, 2009).  

However, Lampit et al. specifically reviewed computer-based training, which may have added 

difficulties for unsupported participants, relative to other formats.  Valentijn et al. suggested that 

benefits may be maximised by identifying the particular needs and motivation levels for potential 

training candidates.  Indeed, memory self-efficacy and beliefs about memory (meta-memory) can 

enhance performance on objective memory tasks (Bandura, 1989).  It is possible that the benefit of 
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group training relates to opportunities to increase confidence in memory improvement and gain 

encouragement from peers and/or an instructor (Hastings & West, 2009). 

Exercise and overall health.  There exists a strong correlation between overall health and 

neurological functioning (Thornton et al., 2007), and memory in particular (Habib et al., 2007).  In 

the case of chronic disease, this may relate to the accumulation of minor impairments, possibly via 

vascular complications (Mather, 2010).  Diabetes and hypertension are associated with increased 

white matter hyper-intensities and steeper cognitive decline with age (Aine et al., 2011).  

Maintaining good health may both slow age-related memory decline and also support optimal 

memory functioning in the short-term.  Aspects of health that reduce vascular risk factors also 

reduce risk of pathological ageing.  Exercise in particular has shown robust protective effects for 

cognition via the promotion of neurotropic growth factors, reduction of inflammation and 

improvement of vascular health (Law, Barnett, Yau, & Gray, 2014).  Both aerobic exercise (Klusmann 

et al., 2010) and resistance training (Suo et al., 2016) have shown benefits for memory function in 

older adults equivalent to those of cognitive training.   

Erickson et al. (2011) investigated the possibility that aerobic exercise may slow or even 

reverse the loss of hippocampal volume, and associated memory decline, in advancing age.  An RCT 

was conducted with older adults (n = 120; mean age = 66.5 years) comparing cardiovascular exercise 

(3 days per week for 12 months) with a stretching exercise control condition.  Cardiorespiratory 

fitness, hippocampal volume, BDNF levels and performance on a spatial memory task were collected 

at baseline, six months (except BDNF) and one year.  Although there was no group difference in 

memory performance, higher levels of fitness were associated with better memory performance.  

For the aerobic exercise group, there was a positive relationship between increased hippocampal 

volume and memory performance, as well as BDNF levels.  However, changes in serum BDNF did not 

relate to changes in memory performance. 

However, the suggestion that cardiovascular fitness mediates the relationship between 

physical activity and cognitive performance has been challenged (Etnier, Nowell, Landers, & Sibley, 
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2006).  A meta-analysis of 11 studies examining the effect of aerobic exercise on cognitive functions 

found positive effects for motor function, auditory attention, processing speed and visual attention, 

but not memory (Angevaren, Aufdemkampe, Verhaar, Aleman, & Vanhees, 2008).  It was suggested 

that currently available data are insufficient and measures too disparate to draw firm conclusions 

and that further research was warranted.  In a review of the cognitive benefits of physical activity, 

Bherer, Erickson and Liu-Ambrose (2013) suggested that findings of animal and human studies thus 

far have been promising, although not conclusive, as a means of protection against cognitive decline.  

More research is needed to investigate a possible dose-response relationship or specific mediating 

factors, being either direct (e.g. angiogenesis, neurogenesis and synapse proliferation in the 

hippocampi) or indirect (e.g. improved mood, stress, sleep and reduced vascular risks).  Further, the 

relative benefits of resistance training should be considered. 

Other lifestyle issues that have been linked to reduced memory function are excessive stress 

and poor diet.  Both chronic and acute stress have been found to negatively impact neural plasticity 

in the hippocampus, due to high levels of cortisol (McEwen, 1999).  Regarding diet, 16 weeks of 

multivitamin supplementation was found to have a positive effect on memory in a randomized, 

double-blind, placebo-controlled trial with 56 women aged over 64 who reported subjective 

memory complaints at baseline (Macpherson, Ellis, Sali, & Pipingas, 2012).  The authors 

acknowledged that they did not have pre-study dietary information for participants and therefore it 

is possible that the treatment supported cognition through eliminating deficiencies in the treatment 

group.  A meta-analysis of 11 large studies of B vitamin supplementation and cognition, with long-

term follow-up found no significant effect (Clarke et al., 2014).  Research is ongoing into the possible 

benefits of long-chain n-3 polyunsaturated fatty acids (omega-3) supplementation, thought to be 

protective against cognitive decline (Dacks, Shineman, & Fillit, 2013).  A future direction for cognitive 

training is the combination of modifiable lifestyle factors that might provide optimal benefits 

(Ngandu et al., 2015). 
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Combined cognitive and physical approaches.  Fabel and Kempermann (2008) proposed 

that exercise may prepare the brain for increased demands, triggering neuroplasticity and 

potentiating the effects of subsequent cognitive challenges.  Thus, the combination of exercise and 

cognitive training might more effectively ameliorate the losses associated with ageing than either 

alone.  However, a small number of studies combining cognitive and physical training in older adults 

have produced mixed results (Law et al., 2014).  In a meta-analysis of combined cognitive and 

physical interventions, combined interventions produced effect sizes greater than exercise alone but 

not more than cognitive intervention alone (Zhu, Yin, Lang, He, & Li, 2016).   

The Study of Mental Activity and Resistance Training (SMART) provided a direct comparison 

of progressive resistance training (PRT) and computerised cognitive training (CCT), for MCI 

participants (Singh et al., 2014).  The study design included both interventions combined, only PRT 

and a sham CCT, only CCT and sham PRT.  The sham interventions provided convincing active 

controls for both interventions.  Findings suggested that these two interventions attenuated loss 

through different cognitive processes, potentially by supporting distinct neural areas.  For memory 

specifically, PRT was associated with a benefit for visual memory and CCT was associated with a 

benefit on the memory composite score at 6-month follow-up.  Within this rigorous design, no 

additional benefit was found for combining both PRT and CCT.  The authors suggested that the 

double load of intensive training may have been overload, compared with one session of intensive 

training and a more relaxing active control. 

A large, recent study investigated the effects of managing a full range of risk factors in the 

Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and Disability (FINGER) 

(Ngandu et al., 2015).  The two year intervention included intensive physical training (aerobic and 

strength), nutrition, psycho-education and cognitive training.  Although treatment was beneficial on 

several cognitive scales, memory scores did not significantly improve compared with the control 

group, who received only health advice.  Only the “abbreviated memory score” showed differential 
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improvement between groups.  This was a composite score of the more complex memory tasks, two 

associative memory and two logical memory tasks. 

Although the benefits of combined health and cognitive approaches are not yet clear, 

further refinement of the balance, order and timing may yet achieve optimal benefits.  It is possible 

that incremental benefits have been suppressed by overload (Singh et al., 2014).  Additionally, Zhu 

et al. (2016) proposed that combination training might play a role in long-term maintenance of 

gains.  Studies with longer follow-up would thus be needed to detect possible benefits.  Ngandu et 

al. (2015) noted that follow-up in the FINGER study is planned, which might contribute a more 

complete picture. 

Programme features associated with change.  Within cognitive training, it is valuable to 

explore what parameters (intensity, frequency, duration and schedule) lead to optimal gains, 

generalisation and maintenance of effects (Hertzog et al., 2008).  In principle, training should be 

sufficiently challenging and intensive to induce change and of long enough duration to encourage 

individuals to habitually implement skills. 

Lampit, Hallock, & Valenzuela (2014) investigated the key factors promoting gains 

specifically from computerised cognitive training for healthy older adults.  Results suggested that 

computerised cognitive training produced significant training effects (small to moderate effect sizes) 

within the memory domain for non-verbal memory and working memory subtypes.  However, the 

authors specified that only group-based delivery, as opposed to home self-help, was effective with 

computerised cognitive training.  The study cast doubt on the efficacy of working memory based 

training but recommended combination with other effective interventions, such as memory 

strategies or exercise.  A recommended “dose” was identified, within the range of 30-60 min one to 

three times per week. 
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In a study with long term follow-up, Requena, Turrero and Ortiz (2016) showed that a shift 

from brief intensive training to long-term practice produces better generalised and long-standing 

effects.  It has been suggested that generalisation of training effects for older adults can also be 

promoted by making direct suggestions of how strategies might be implemented in daily life 

(Cavallini et al., 2010), and through having adaptive levels of difficulty (Kelly et al., 2014). 

Potential for generalisation of training effects.  Functional increases in memory and 

neuroplasticity in response to training suggest that memory training may ameliorate age-related 

losses and hint at the possibility of delaying the emergence of dementia symptoms.  Promising 

results came from a systematic review, where Valenzuela and Sachdev (2009) identified RCTs that 

examined the effect of cognitive exercise on tasks of general cognition and daily functioning, with 

durable benefits (at least three months post-training).  Although this does not constitute evidence of 

changing the trajectory of memory decline, the authors note that the changes are “dementia 

relevant” and urge further exploration of the potential utility of this intervention. 

The ACTIVE study notably showed a large positive effect on daily function, a relevant marker 

of incipient dementia.  Although this remained at two year follow-up, memory gains dissipated by 10 

year follow-up (Rebok et al., 2014).  Authors of review articles and meta-analyses (e.g. Gates et al., 

2011; Lampit, Valenzuela, & Gates, 2015; Plassman et al., 2008), including a recent report for the 

Alzheimer’s Association (Baumgart et al., 2015), have suggested that cognitive training might have 

the potential to ameliorate cognitive decline and perhaps even delay the onset of dementia.  

However, this remains contested and findings of generalisation from trained tasks to other cognitive 

functions and benefits in daily life have been inconsistent (Owen et al., 2010; Papp et al., 2009).    In 

a sometimes acrimonious debate Ratner and Atkinson (2015) suggested that this proposition was 

founded on “hope and hype”.  These authors asserted that slowing decline in any single cognitive 

function (e.g. memory) would be insufficient to impede the development of dementia, with 

functional losses continuing due to concurrent losses in other cognitive domains.  Further, they 
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believed that bias against negative studies might be supporting a misconception about the efficacy 

of cognitive training. 

In 2014 a group of 75 leading cognitive psychologists and neuroscientists issued a consensus 

statement noting that the marketing claims for computer-based cognitive training software were 

frequently exaggerated (Max Planck Institute for Human Development and Stanford Center on 

Longevity, 2014).  The authors note that research on cognitive training has found improvement on 

trained tasks and that some studies have reported these improvements persisting over follow-up 

and transfer of gains to related tasks.  However, these findings have been mixed, with other studies 

reporting dissipation of gains and/or no improvement on untrained tasks.  The consensus cautions 

against inferring increased ability from single-outcome tasks, and without accounting for factors 

such as motivation or strategy use.  There is a paucity of evidence of generalisation to daily life, 

although some studies have found benefits to complex tasks such as driving.  Further, the potential 

for exaggeration of training benefits in the body of literature due to publishing bias for positive over 

null results is noted.  Importantly, the authors suggest that the promising but limited results to date 

warrant further investigation, in particular replication and expansion of existing research with a 

comparison group that does “not receive the treatment but is otherwise treated exactly the same as 

the trained group.” 

It can be difficult to draw overall conclusions from currently available research due to the 

large range of programmes, measures and definitions (Martin et al., 2011; Papp et al., 2009).  Some 

studies showing positive results remain inconclusive due to methodological issues, such as inactive 

or minimally active control conditions (Melby-Lervåg & Hulme, 2013).  There is a need for replication 

of positive results, as well as studies with robust control conditions and long-term follow-up.  

However, this remains an area with great potential benefits on a population scale. 

Summary.  Findings thus far suggest that aspects of memory can be improved through 

strategies and training, in both young and older adults.  Gains by older adults may be smaller and 

less stable over time.  It is possible that the gains made through memory training represent 
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increases in cognitive reserve. A major limitation of memory training is the lack of clear transfer 

effects.  The finding that trained improvements in working memory do not appear to readily 

generalise to other forms of memory appears at odds with the proposition by Brehmer et al. (2012) 

and others that changes in working memory underlie a large proportion of age-related memory 

decline.  However, the specific choices of far transfer abilities do not appear strongly supported by 

theory and, it is possible, that other far transfer tasks that are more likely to share a common 

network with these trained tasks may show improvement (Noack et al., 2014).  In addition, training 

that is broader, of optimal intensity and longer in duration may transfer more readily to daily life.  It 

is possible that training on several aspects of memory, with explicit links to use and practice in daily 

life, may improve the degree of transfer to IADLs that are sensitive to memory function.  Prospective 

memory in particular has been most clearly linked to daily functioning (Woods et al., 2012).  Smith et 

al. (2009) proposed training executive functioning alongside memory in order to aid the application 

of skills.  In addition, Mahncke et al. (2006) suggested that a combination of plasticity-based and 

compensatory approaches is likely to produce a greater effect that either alone.   

Within memory training research, some limitations appear to be common.  Often, inactive 

groups or low levels of difficulty are used as control conditions.  Thus, these do not control for 

transient placebo effects in trained groups or potential loss of motivation in control group 

participants who do not believe that they are receiving training.  Furthermore, mental stimulation 

itself appears to support memory function, which warrants further investigation.  There is a need for 

RCTs with control conditions closely matched to the tested intervention. 
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Memory Tune 

The Memory Tune programme is focussed upon improving memory using a combined 

approach of memory-specific cognitive training, strategy, practice and psychoeducation about 

memory and lifestyle.  The programme was designed by Dr Allison Lamont to target the types of 

memory found to be most affected by ageing in her longitudinal study of ageing (Lamont, 2006).  

The aspects of memory that were differentially reduced were: face recognition, verbal, non-verbal, 

prospective, working and short-term memory (Lamont, 2006).  Memory Tune comprises 14 modules 

in a workbook style, which can be delivered in hard copy, online or potentially in a group format.  It 

was designed specifically for older adults, with language and presentation aimed at engaging the 

reader.  Each module provides psychoeducation about memory processes, memory strategies and 

memory practice, as well as advice around lifestyle changes known to promote cognitive longevity.  

Advice is balanced with motivational statements about the value of making changes and persisting 

with the programme. 

Completion of Memory Tune is intended to improve memory function through both 

compensatory strategies, and by practice-induced neural plasticity.  Strategies provided may 

encourage compensation for age-related declines through the use of alternative, spared networks 

and practice may strengthen impaired networks.  Thus, this training may increase cognitive reserve.  

If implemented, the recommended lifestyle changes would support health and neural plasticity and 

therefore memory performance. 

A clinical audit of the efficacy of this tool has been conducted, with promising results 

(Lamont, 2012).  Those receiving Memory Tune improved on measures of verbal, non-verbal and 

prospective memory after completing the modules, compared with a very small control sample, who 

completed two sessions of testing without intervention.  Although this was a small study, the 

improvements seen in the memory of trained individuals indicate that follow up with randomisation 

of a larger sample and an active control group is warranted. 
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Design of current study  

In order to assess the efficacy of Memory Tune, a randomised, controlled, double-blind 

study design was used, with intervention Memory Tune, Cognitive Stimulation (active control) and 

Waitlist conditions.  To test whether any improvements are specific to the memory training rather 

than to general stimulation, or to a general expectation to improve, an active control condition was 

developed, “Cognitive Stimulation”, which did not target memory functions.  This allowed estimation 

of the benefits of targeted memory training over and above general cognitive stimulation inherent in 

the exercises and possible placebo effects resulting from believing they were training their memory 

functions.  Inclusion of the Waitlist group allowed comparison with a non-active control condition, 

and also enabled measurement of changes linked to test-retest effects.   

Memory performance was assessed before and after intervention, to detect possible 

improvement.  Outcome measures included tasks relating to the targeted memory subtypes; 

prospective, working, short-term, verbal and non-verbal memory and face recognition.  In order to 

explore the extent of generalisation of memory improvement to daily life, a subjective memory 

measure was included in the assessment battery.  These measures provide a first step in the 

evaluation of MT, noting immediate benefits within targeted memory types.  Further investigation 

into generalisation and persistence of effects will be considered in future. 

 

Aims and Hypotheses 

The main aim of the following study was to assess whether the memory training 

programme, Memory Tune, improves the memory performance of healthy older adults, including 

memory function in daily life.  It was predicted that MT would improve the following types of 

memory targeted during training: prospective memory, face recognition, working memory, short-

term memory, verbal and non-verbal (episodic) memory.  We predicted that improvements from 
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Memory Tune would be greater than for an active control condition, Cognitive Stimulation, while 

both active interventions were expected to produce greater improvement than a non-active, waitlist 

control condition.  It was expected that participants in both groups receiving an active intervention 

would report improvements on the subjective measure of memory.  Lastly, it was predicted that the 

number of hours participants spent working on Memory Tune would be positively associated with 

improvements on memory measures.   
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Methods 

Research Design 

To test the hypotheses a randomised, controlled, double-blind study design was used.  Participants 

were randomised to either Memory Tune or Cognitive Stimulation, with approximately 50% of 

participants placed in a Waitlist condition of the same duration as the interventions. The Waitlist, 

enabled measurement of a “no treatment” period and possible test-retest effects of the outcome 

measures.  All participants in the Waitlist condition were then randomised to an intervention, either 

Memory Tune or Cognitive Stimulation.  Intervention-only participants completed baseline and post-

intervention testing.  Waitlisted participants completed baseline testing, a second testing session at 

the conclusion of the waiting period, and post-intervention testing (see Figure 2 for a diagram of the 

testing sessions and phases of intervention/waiting). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  The process of memory assessments and training for the Intervention only groups, 
Memory Tune (MT) and Cognitive Stimulation (CS), as well as the Waitlist group.  Testing sessions 
that are included in two separate analyses have been colour coded, with the three-group analysis 
indicated by blue sectors and the two-group analysis by green. 
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Participants 

Participants were required to be: aged between 65 and 80 years, living independently 

(i.e., not receiving help with activities of daily living), and able to commit to the necessary time 

requirements of the study.  Potential participants were excluded if they had a history of stroke, brain 

tumour, head injury or other neurological diagnosis (e.g., dementia, epilepsy or Parkinson’s Disease).  

This was done because prior injuries may affect the ability to benefit from any interventions, and 

thus would complicate the interpretation of results, and may also prevent full engagement with the 

study.  The Addenbrooke’s Cognitive Examination – III (ACE-III) was administered to screen for 

previously undetected deterioration of cognitive functioning.  Participants were not included if they 

scored below 82, the recommended cut-off score for suspected dementia. 

Fifty-nine participants completed the trial, with a mean age of 70.34 years (SD = 4.09).  

The proportion of females was significantly higher than males (38:21) (2
1 = 4.90, p = .027).  

Participants had an average of 13.83 years of education (SD = 2.75) and mean ACE-III score of 95.15 

(SD = 3.16) out of 100.  On the memory sub-score within the ACE-III, participants scored a mean of 

24.42 (SD = 1.75) out of 26.  These scores are consistent with normative data for healthy individuals 

in this age group (Hsieh, Schubert, Hoon, Mioshi, & Hodges, 2013).  

Recruitment occurred through a number of channels.  Classified notices were placed with 

online communities such as Senior Net and Grown Ups, and hard-copy posters were hung in general 

practitioners’ waiting rooms, bowls clubs, community centres and independent living retirement 

villages.  Individuals registered with the Centre for Brain Research (CBR) participant pool who 

appeared to meet the study criteria were invited by mail to participate.  Other sources included a 

local Rotary Club, overflow volunteers from the pilot study and word of mouth from participants 

who were already enrolled.   

A total of 76 individuals expressed an interest in participating in the study.  Nine 

participants were screened and excluded for the following reasons: outside of the age range (n = 2), 
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failure to reply to follow-up contact (n = 2), history of stroke (n = 2), epilepsy (n = 1), moderate head 

injury (n = 1) and ACE-III score below cut-off (n = 1).  Of the 67 participants included in the study, 

eight withdrew from the trial before completion.  Of these, five were female, three male and the 

mean age was 72.0 years.  Participants cited spousal illness (n = 2), other time commitments (n = 4), 

being hospitalised at time of re-testing (n = 1), and finding the modules too difficult (n = 1) as their 

reasons for withdrawing.  See Figure 3 for a diagram of participants who enrolled in the study. 

 

Figure 3.  Outline of participants selection, study completion and randomisation to Memory Tune 
(MT), Cognitive Stimulation (CS) and Waitlist (WL) groups.  Addenbrooke’s Cognitive Examination-III 
(ACE-III), scores below the cut-off score of 82 indicate possible cognitive impairment. 

 

Mann-Whitney tests were used to look for differences between those that completed the 

full study and those who did not.    There was no significant difference between the median age of 

completers (70.0 years, IQR = 7) and non-completes (72.5 years, IQR = 9), (U = 182.0, p = .295).  
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Completers had a Median of 14.0 years of education (IQR = 5.0) and non-completers a Median of 

16.3 years (IQR = 5.8).  This difference was also not significant (U = 193.5, p = .407).  The number of 

prescription medications taken by participants was taken as a proxy measure of general physical 

health.  Non-completers (Mdn = 4.0; IQR = 4) were taking significantly more medications (U = 115.0, 

p = .016) than completers (Mdn = 1.0; IQR = 2).  ACE-III scores also differed significantly between the 

groups (U = 88.5, p = .004).  Completers’ Median score was 96.0 (IQR = 5), as opposed to non-

completers who had a Median score of 90.0 (IQR = 3).  This suggests that those who completed the 

study were functioning more highly at baseline than those who dropped out. 

Randomisation to group.  Participants and both test administrators were blind to group 

allocations.  Participants were told that they would receive one of two possible intervention 

packages but were not told which they would receive.  They were given no information about the 

differences between the interventions.  Randomisation to groups was done by the research 

supervisor, who had no direct contact with participants.  A pseudo-randomising programme was 

used that reduced the likelihood of age or gender biases between the groups.   

Of the participants, 31 completed an intervention with only pre- and post-intervention 

testing, while 28 participants were in the Waitlist control group.  As a means of maintaining 

engagement during the waiting time, Waitlist participants continued with their usual routines but 

were asked to keep a diary of daily activities for two of the seven weeks.  The researcher who 

completed testing phoned fortnightly to check in, to match the level of contact maintained in the 

intervention groups and to reduce drop-out.  Following the waiting period, participants in the 

Waitlist condition completed a second assessment session (see Figure 2 and 3).  These participants 

were then randomised to either the Cognitive Stimulation or Memory Tune groups and entered the 

intervention phase, which once completed, was followed by post-intervention testing. 

The three groups did not differ significantly with regard to age, years of education, ACE-III 

scores, or scores on the ACE-III memory subtest (all p-values > .116).  Table 1 shows the 
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demographic makeup of the three groups – Memory Tune only, Cognitive Stimulation only and 

Waitlist.  A second analysis was conducted in which all participants were grouped by intervention, as 

the Waitlist participants also were randomised to, and completed, one of the two interventions.  

Table 2 shows the demographic makeup of the two groups comprising all Memory Tune participants 

and all Cognitive Stimulation participants.  Although there were more women than men in both 

groups, and this difference appeared greater in the Memory Tune group, the Chi-Square test for 

goodness of fit did not reach significance (2
1 = 6.966, p = . 073).  There were no differences between 

the two groups on any of the other demographic variables (all p-values > .305). 

 

Table 1 

Demographic makeup of the three groups: Memory Tune, Cognitive Stimulation and Waitlist  

    Memory Tune   Cognitive Stimulation    Waitlist 
     (n = 16)   (n = 15)   (n = 28) 

Female  12  9  17 
Male  4  6  11 

  Mean (SD) Range  Mean (SD) Range  Mean (SD) Range 

Age  69.25 (3.34) 65-77  69.33 (3.50) 65-76  71.50 (4.56) 64§-80 

Years of education  14.03 (2.75) 9-17  14.23 (2.93) 10-20  13.50 (2.71) 10-18 

ACE-III score+  96.25 (1.77) 93-99  95.40 (3.74) 86-100  94.39 (3.34) 85-99 

ACE-III memory score+   24.75 (1.18) 23-26   24.33 (2.13) 18-26   24.29 (1.84) 19-26 

 

§ One participant was 64 years old at recruitment but turned 65 during the course of the study. 
+ ACE-III normative sample gave a mean expected total score as 95.4 (SD = 3.3) and 24.3 (SD = 1.7) 
for the memory sub-scale (Hsieh et al., 2013). 
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Table 2 

Demographic makeup of groups of all Memory Tune and Cognitive Stimulation participants 

    Memory Tune   Cognitive Stimulation 

     (n = 30)    (n = 29) 

Female  22  16 

Male  8  13 

  Mean (SD) Range  Mean (SD) Range 

Age   70.80 (4.44) 65-80  69.86 (3.72) 64-78 

Years of education  13.53 (2.64) 9-17  14.14 (2.87) 10-20 

ACE-III score+  95.40 (3.00) 85-99  94.90 (3.35) 86-100 

ACE-III memory score+   24.73 (1.55) 19-26   24.10 (1.92) 18-26 
 

+ACE-III normative sample had a mean total score as 95.4 (SD = 3.3) and 24.3 (SD = 1.7) for the 
memory sub-scale (Hsieh et al., 2013). 
 

Materials 

Cognitive status screening.  The Addenbrooke’s Cognitive Examination – New Zealand 

version A (ACE-III, Hsieh et al., 2013) is used in clinical settings as a screening tool for cognitive 

decline in older adults.  The ACE-III is scored out of 100, across the domains of memory, attention, 

verbal fluency, language and visuospatial abilities.  Scores above 88/100 are considered normal, 

while those between 82 and 88 are considered to be marginal.  Scores below 82 are indicative of 

possible impairment, discriminating individuals with dementia from healthy controls with a 

sensitivity of 0.93 and specificity of 1.0 (Hsieh et al., 2013). 

Interventions.  Both the experimental and active control interventions comprised 14 

“modules”, ranging from five to eight pages in a workbook style.  These were printed in hardcopy to 

facilitate maximum consistency in presentation across participants.  Both sets of booklets contained 

pictures and were printed in full colour. 

Experimental intervention.  The Memory Tune modules were designed to be completed 

at a rate of two per week, over a seven-week period.  Each module targets one or more memory 
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types, addressing verbal, non-verbal, short-term, working, prospective and face memory.  The user is 

taught specific memory strategies, followed by exercises to practice these.  Empirically supported 

strategies introduced include depth of processing (Craik & Tulving, 1975), elaborative rehearsal 

(Craik & Tulving, 1973) and chunking (Gobet et al., 2001).  The modules emphasise the importance of 

concentration and effortful encoding with the repetition of the phrase “Focus, Connect, Rehearse”.  

This is supplemented by information about memory processes, diet and exercise.  Users are guided 

to do a functional analysis of their memory performance.  This allows them to identify possible times 

when their memory appears more or less optimal and potentially make lifestyle adjustments.  Each 

module also contains non-memory tasks, such as arithmetic or thinking of words beginning with a 

given letter.  The modules range from five to seven pages in length, with an average of 5.9 pages. 

A typical module begins with a review of the content of the previous module and 

reflection on any change or learning done.  A brief thinking exercise is then given.  Next, the first skill 

to be trained in the current module is introduced with psychoeducation and a possible strategy, 

followed by practice in this skill.  This pattern is then repeated for any other skills covered in the 

module.  Small points of interest about memory are interspersed throughout.  The module then 

closes with preparation to be done for the next module and answers to any mental exercise 

questions. 

Over the course of the Memory Tune modules, psychoeducation is provided, often 

relating to the type of memory specifically targeted in the module.  The different types of memory 

and the progression of memory from sensory input through to long term memory are discussed, as 

well as possible memory errors such as misattribution.  These give users some understanding of the 

processes required at each step of a memory task and, thus, the importance of effortful encoding 

and strategy use in successful remembering.  Users are encouraged to shift to more positive 

cognitions about memory (meta-memory) and to use persistence in retrieval, which is thought to 

improve memory performance (Levy, 1996).   
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Strategies are introduced one at a time, with practice and then frequently revisited 

throughout the modules.  At times, suggestions are made of how these may be practiced or used in 

daily life, to encourage generalisation.  For example, the strategy of ‘chunking’ numbers in threes, 

rather than trying to encode them singly, is described.  Numbers are given to memorise with and 

without the strategy, to illustrate the difference.  The suggestion of practicing in daily life by 

remembering phone numbers is made.  A more naturalistic transfer suggestion was the use of a loci 

strategy to shop for groceries from memory, imagining the items on the list by area. 

Some strategies were specific to a given information type, such as face or face-name 

memory.  For example, intentionally observing facial features and saying a name aloud when 

meeting a new person.  For word lists, the concept of creating stories was given and for simple 

shapes and pictures, it was suggested to try naming them while encoding.  Associating prospective 

memory tasks with multiple internal and external cues was suggested.  Other strategies could be 

applied more flexibly, such as rehearsal of information, by grouping items to remember category, 

elaboration and association. 

Practice of memory and strategies was delivered in several ways for each memory type.  

Some resembled laboratory memory testing, such as remembering simple shapes and pictures of 

items and paired word lists.  Other practice was framed in more naturalistic ways, such as 

connecting names with faces and biographical information, remembering key details from brief 

stories and using working memory to do mental arithmetic.  Participants were often prompted to 

recall stimuli from previous modules. 

Active control intervention.  The control intervention (Cognitive Stimulation) was 

designed to test whether improvement in memory scores could be due to expectancy (placebo 

effect) or general cognitive stimulation, rather than changes in memory-specific processes.  The 

Cognitive Stimulation modules were created by this author to match the Memory Tune modules in 

terms of their general appearance, cognitive demand, hours to complete and cognitive domains 
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utilised, without the memory component.  The lifestyle suggestions and non-memory exercises in 

Memory Tune were retained.  However, they contained no memory-specific psychoeducation or 

training.  The Cognitive Stimulation modules were designed to have face validity as an intervention, 

minimising the influence of expectation on participants’ performance and likelihood of completing 

the intervention phase.   

The Cognitive Stimulation intervention comprised 14 modules that were designed to 

match the Memory Tune modules and followed its format across modules.  Each module was 

created by first removing all memory-specific elements of the corresponding Memory Tune module.  

These were then replaced with non-memory specific elements, covering the following cognitive 

processes; verbal processes, visual processes, attention, processing speed, social cognition and 

executive skills.  Information, strategies and practice were given to train each cognitive skill.  For 

example, where verbal memory skills were covered in Memory Tune, Cognitive Stimulation offered 

word builder, word search, crossword and word search exercises.  Answers for exercises were 

provided at the end of each module.  Table 3 provides a module by module comparison of the skills 

introduced in the two interventions.  Examples of exercises targeting attention, verbal skills, social 

cognition and executive functioning, four of the six cognitive skills, are presented in Figure 4. 

Consistent with the design of the Memory Tune programme, a range of task difficulty was 

included, gradually increasing in difficulty within each module and over the course.  Where the 

phrase “Focus, Connect, Rehearse” was repeated in the Memory Tune modules, the corresponding 

Cognitive Stimulation modules referred to “Alertness, Attention, Action”.  Memory facts were 

replaced with points of interest about general cognition or the six cognitive processes described.  

The Cognitive Stimulation modules ranged from five to eight pages in length, with an average of 6.0 

pages.  An example of a typical module can be found in Appendix A. 

Psychoeducation was included that mirrored the Memory Tune modules (see example in 

Figure 5).  This included topics such as strategies for relaxation and information about cognitive 

processes.  Verbal skills were practiced through exercises such as word searches, a crossword, word 
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wheels, syllogisms and decoding a symbol language.  Visual skill practice included “spot the 

difference”, mental rotation, imagined comparisons and mental paper folding.   

 

Table 3 

Comparison of Memory Tune contents with each corresponding Cognitive Stimulation module. 

Module Memory Tune Cognitive Stimulation 

 
1 

 
Education on memory skills and the 
process of encoding new memories 
Verbal and non-verbal memory  
 – word list exercise 
 – recalling pictures  
General lifestyle recommendations 
Memory diary 
 

 
Education on cognitive skills and brain 
function 
Verbal and non-verbal skills; processing speed 
 – word search 
 – spot the difference 
General lifestyle recommendations 
Reflection on daily cognitive stimulation 
 

2 Basic functional analysis of memory 
Verbal and non-verbal memory  
 – remembering shapes 
 – associated word pairs 
 

Visual and verbal skills 
– mazes 
– crossword 
– word puzzles 
 

3 Verbal memory  
 – word lists  
 – stories 
Relaxation 
 

Verbal skills 
– word builder  
– word wheel 
Relaxation 
 

4 Continued functional analysis 
Short-term and non-verbal memory  
 – numbers  
 – complex pictures 
Importance of attention in effortful 
encoding 
Focus exercise with story 
 

Reflection on progress with lifestyle changes 
Non-verbal skills 
– mental rotation 
Importance of continuing to challenge the 
mind. 

5 Face recognition  
  – pairing faces with names and 
information 
Suggested individual practice 
 

Social cognition 
 – finding faces 
 – identifying emotions 
 – interpreting social scenes 
Suggested individual practice 
 

6 Face recognition delayed recall 
Working memory 
 – ordering word lists 
Prospective memory 
 – suggested daily practice 

Revision of mental rotation 
Non-verbal skills 
 – mental imagery: visualising object 
dimensions  
 – mental paper folding 
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7 Relaxation 
Working memory 
 – mental arithmetic 
 – puzzles 
Psychoeducation on memory errors 
 

Executive function, processing speed and 
attention skills 
 – problem solving puzzles 
Psychoeducation on decision making and 
flexible thinking 
 

8 Non-verbal memory 
– complex shapes and objects 
Suggested practice for working 
memory 
Prompt for brief review 
 

Non-verbal and executive function skills 
– progressive matrices  
– lateral thinking puzzle 
Mindfulness 

9 Verbal memory 
 – word lists 
 – biographical stories 
 – word puzzles 
Suggested strategy transfer to daily life 
Psychoeducation about sleep and the 
link to memory 
 

Verbal and executive function skills  
 – symbol language decoding 
 – word puzzles 
Attention 
 – counting letters in a paragraph 
Psychoeducation about sleep and the link to 
cognitive function 
 

10 Brief relaxation exercise 
Delayed recall from previous module 
Short-term memory 
  – numbers  
  – pictures 
Verbal memory 
  –  word lists 
 

Executive function 
 – problem solving process 
Relaxation 
 –  breathing and muscle relaxation exercises 
 

11 Face memory 
  – linking with biographical items 
  – forced-choice recognition 
  – delayed recall of linked details 
Names to faces 
 

Social cognition 
– finding faces 
 – identifying emotions 
Reflection on the training process 

12 Delayed recall and recognition of faces  
Prospective memory 
  – named cues for during the module 
Verbal and non-verbal memory  
– elaboration  
– photographs 
Working memory 
  – mental addition 
 

Verbal, visual and executive skills 
 – unscrambling words 
 – syllogisms 
 – lateral thinking visual puzzle 
 – pattern making 

13 Face recognition delayed trial 
Verbal memory 
  – story detail recall 
  – abstract word memory 
Working memory 
  – puzzles 
 

Verbal and non-verbal skills 
 – mental imagery with sensory information 
 – mental paper folding 

14 Review of all previous content Review of all previous content 
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Figure 4.  Examples of exercises from the Cognitive Stimulation intervention.  From top left to bottom right:  a sustained attention task, from Module 9; a 
crossword puzzle from Cognitive Stimulation Module 3, an example of verbal skill training; an example of an exercise practicing social cognition, taken from 
Module 5; a worked example of the symbol language logic, an executive function task from Module 9 (participants were next provided with more complex 
versions to work through). 
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Social cognition exercises focused on matching facial expressions to emotions and interpreting 

photographs of social situations.  Problem solving, lateral thinking and strategy puzzles and 

divergent creative thinking (e.g. alternative ways to use a spoon) were given to practice executive 

skills.  Attention and processing speed received less direct practice, with exercises like counting the 

occurrences of a given letter in a paragraph and timing on tasks in visual and verbal modalities (see 

Figure 4 for examples of a subset of these exercises). 

Strategies offered were predominantly task-specific.  For example, in social cognition, 

identifying key features differentiating similar facial expressions and for mental rotation, completing 

the rotation for items as a whole, rather than using components in a piecemeal fashion.  Suggestions 

for transfer to daily life included seeking novel experiences and regularly working on puzzles and 

games, in keeping with the premise of the modules: that high levels of general cognitive activity 

contribute to maintaining cognitive abilities.   

 
Figure 5.  An example of psychoeducation about cognitive processes from Module 11 which focused 
on social cognition. 
 

Outcome variables.  These comprise a battery of memory tasks of face recognition, 

verbal, non-verbal, short-term, working and prospective memory, and a self-report measure of 

subjective memory performance.  The battery was initially devised for use in a prospective study of 

memory in ageing (Lamont, 2006) and later used, in a group administration format, in the pilot study 
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of Memory Tune (Lamont, 2012).  For use in the current study, tests were adapted for individual 

administration (Version A of each task).  With a repeated measures design, use of the same tests at 

each assessment would be expected to produce a large practice effect.  To reduce this artefact, two 

additional, parallel versions (Versions B and C) were produced for each test, such that each session 

would contain the same subtests but with different content.  The administration of test versions was 

counterbalanced across conditions.  The tasks used in testing were not the ones used in training.   

Verbal memory task.  Verbal memory was tested through the learning and recall of a 15 

word list.  Due to the high prevalence of hearing loss among older adults, visual presentation was 

used.  The words were presented on the screen serially, for three seconds each, with an inter-

stimulus interval of two seconds.   Participants were asked to look at the words carefully and then 

verbally report back the words that they recalled.  Participants completed three learning trials with 

the same order of presentation each time.  After the third learning trial, participants were asked to 

try to remember the words and were told they would be asked to recall them again later.  Delayed 

recall was then tested 20-30 minutes after the learning trials.  Dependent variables for this measure 

were: verbal learning first trial, total over all three learning trials and verbal delayed recall.  Versions 

B and C comprised new word lists, each matched to the original list for number of syllables and 

frequency of use in English language (Balota et al., 2007).  The number of conceptually related items 

that could be easily “chunked” was kept constant across lists. 

Non-verbal memory task.  Non-verbal memory was assessed through the viewing and 

reproduction of 15 abstract line drawings.  The figures were presented serially for five seconds each, 

with no inter-stimulus interval.  Participants were asked to look at each one carefully during 

presentation.  Once all figures had been seen, participants were asked to draw as many as they 

could remember (immediate recall).  Participants were then asked to try to remember the drawings 

and were asked to draw them again 20-30 minutes later (delayed recall).  If participants expressed 

concern about their ability to draw the items, they were reassured that an approximate 

representation was the aim, and not perfection. 
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A set of scoring criteria was used to quantify test performance.  Elements of each drawing 

were assigned points for their presence and accuracy.  Each item was worth a total of four points, 

giving a possible total of 60 for the whole task.  Total scores for non-verbal immediate recall and 

non-verbal delayed recall were the dependent variables for this task.  Versions B and C were created 

taking into account the complexity (number of elements) and level of abstraction of items.   

Short-term memory task.  Recall of verbally presented number strings was used to 

measure short term memory.  Participants were asked to listen to verbally presented strings of digits 

and then to repeat these in the same order given.  Two trials of each length were presented, 

beginning with pairs and incrementally increasing in length by one digit every other trial.  The test 

was discontinued at 10 digits, or when participants answered both trials of the one length 

incorrectly.  Dependent variables derived from this test were; short-term memory total (total 

correct) and short-term memory longest string (longest single correct string).  Versions B and C 

contained new numbers for each, in the same format as the original version.   

Working memory task.  Working memory was assessed using a variant of the letter-

number sequencing task.  Strings of either letters or numbers were presented verbally and 

participants were asked to respond by giving these in either alphabetical or numerical order, as 

appropriate.  Three of each length were given, alternating letter strings and number strings.  The test 

was discontinued at eight letters or when participants answered all of one length incorrectly.  

Dependent variables derived from this test were; working memory total (total correct) and working 

memory longest string (longest single correct string of either letters or numbers).   Alternate 

versions used new sets of letters and numbers. 

Face recognition memory task.  A forced-choice recognition task was used to test face 

recognition.  Photographs of 40 men’s faces were presented one at a time, for five seconds each, 

with a three second inter-stimulus interval.  Half of the faces were of young people (in their early 

20s) and half of older people (in their 60s to 70s).  Participants were instructed to look at the faces 
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carefully and told that they would later be asked to recognise them.  Once all target faces had been 

seen, pairs of faces were presented – one that had been previously shown (target) and one that was 

not (distractor, within the same age category as the target).  Participants were asked to identify 

target faces by pointing or stating if this was the left or right face.  The total number of correctly 

identified targets was used for data analysis.  For this task, Version B was created by reversing the 

target and distractor faces.  Version C was created using half of the target faces from each other 

version with the other half of each becoming distractors.  Distractor – target pairings for the test 

presentation were kept the same but the order of presentation was re-randomised for each version.  

Limitations in this design are addressed in the discussion. 

Prospective memory task.  Prospective memory was tested via three uncued recall tasks, 

to be completed during testing sessions.  These tasks were similar to those used in the Rivermead 

Behavioural Memory Test (B. Wilson, Cockburn, Baddeley, & Hiorns, 1989).  Points were allocated 

for correct recall of the task and responses.  If participants missed any given cue, a prompt was given 

after the next task and the maximum score for that item was reduced.  First, participants were asked 

to write a specific phrase after the face recognition task (4 points; 2 if a cue was given).  Second, 

participants were asked to write the time and circle it, when a computerised tone sounded.  The 

tone was played after the non-verbal memory immediate recall, although participants were not told 

this (6 points; 4 if circle omitted; 2 if cued; 1 with cue and no circle).  The last task related to five 

items, shown to participants at the beginning of the session.  The items were “hidden” around the 

room, while showing the participants and verbalising where each was placed.  Participants were 

asked to state what and where each item was, when the experimenter said: “We have now finished 

this set of tests.”  (2 points for each object location and 2 points for naming the item; total halved 

with cue).  The dependent variable for this test was the total number of points gained.  The two 

parallel versions were produced by changing the phrase, the items used and the object hiding places. 

   Equivalence of test versions.  Kruskal-Wallis tests were used to test for differences 

among baseline scores of A, B and C versions of each memory measure.  Only performance on the 
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prospective memory task differed significantly across versions (2
2 = 6.530, p = .038).  Mann-Whitney 

tests comparing the scores in pairs revealed that baseline scores on Version C were significantly 

higher than B (U = 67.00, p = .009).  Version A did not differ significantly from either of the other 

versions.  Possible implications of this are considered in the discussion.  Performance on the versions 

did not differ significantly on any other memory task (p-values > .430) and versions were 

counterbalanced across sessions. 

Subjective memory function: Everyday Memory Questionnaire – revised (EMQ-R, Royle 

& Lincoln, 2008).  This was completed at each session.  This is a 13 item, self-report measure of 

everyday memory function.  Each item gives an example of a common memory slip, such as: 

“Forgetting where things are normally kept or looking for them in the wrong place.”  Participants 

rate these on a scale from A to E, where A represents once or less in the last month and E represents 

once or more in a day.  Higher scores indicate more memory problems reported by participants.  The 

EMQ-R was used to give an indication of participants’ own subjective impression of change in their 

everyday memory function (See Appendix B). 

  

Procedure 

Ethical approval for the study was granted by the University of Auckland Human 

Participants Ethics Committee, reference number 010365.  Individuals who expressed an interest in 

joining the study were screened via a telephone call, using a brief screening questionnaire (Appendix 

C).  If eligible, participants were given an outline of the study process and were enrolled if they 

agreed to be a part of the study and believed they would be able to complete all requirements.  

Participants were not paid for their time but travel expenses within Auckland were reimbursed, 

where applicable.   At the first meeting, participants were provided with a Participant Information 

Sheet and signed informed consent. 
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Participants could choose to complete assessments either at home or the University of 

Auckland (City or Tamaki campuses).  Participants were tested in quiet conditions, with only the 

assessor present.  When testing at a participant’s home, the conditions of testing were held as 

constant as possible.  Participants were seated at a desk or table, in front of the presentation 

monitor.  No performance feedback was given to participants, either during or after testing.  This 

was explained before starting and reiterated if participants asked how they were doing. 

Initial sessions opened with a semi-structured interview to gather demographic 

information.  The memory battery was given in this order; prospective memory task 3, 1 then 2, 

verbal memory, nonverbal memory, short-term memory, face recognition, verbal delayed recall, 

non-verbal delayed recall, working memory and then EMQ-R.  The initial session concluded with the 

ACE-III.  This was completed last to keep the repeated tests in the same order across sessions.  

Subsequent testing sessions contained only the memory testing battery and EMQ-R. 

Two different assessors were used.  Testing instructions were scripted to standardise the 

administration of tests.  Stimuli were controlled from a laptop and displayed to participants on an 

external display screen.  The assessor used a laptop to initiate visual stimuli on the monitor.  Verbal 

stimuli were read aloud by the assessor.  Consistency was ensured between the two assessors 

through training and observation by the research supervisor.  For each participant, one assessor 

completed all stages of testing.  Wherever possible, the time of day and location was kept constant 

across sessions for each participant.  The order of presentation of A, B and C versions was 

counterbalanced across participants and was assigned by the research supervisor.  

Participants received their first two modules at the end of the pre-intervention 

assessment.  This was the second assessment session for Waitlist participants and first for other 

participants.  These were presented in a sealed opaque envelope prepared by the research 

supervisor.  Further modules were sent fortnightly by mail, with the intervention phase lasting seven 

weeks (14 modules).  The assessor who conducted testing maintained regular contact by phone to 
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ensure that modules were arriving as planned and that participants were managing to work through 

them.  Participants were asked to keep a log of the time spent on each module as they went.  Post-

intervention testing was scheduled as close to the end of training as possible, within a two-week 

tolerance.   

Scoring was kept consistent with clear, written guidelines and cross-checking by both 

assessors.  Scores were entered into a spreadsheet, which was thoroughly checked for accuracy.  

Once all data were collected, participants were told which group they had been assigned to and 

were offered access to the alternate intervention.  Participants were informally invited to give 

feedback about the process after at the completion of the study.   

 

Data analysis  

All analyses were completed using IBM SPSS Statistics 22 software.    

The assumption of normality was investigated for each variable.  Where this assumption was 

violated, transformations were used to normalize the data to enable parametric testing.  Where 

transformation failed to achieve normality or data violated other assumptions of parametric testing, 

non-parametric testing was used, as detailed below. 

Data were analysed in two ways.  First, the two active intervention groups and the Waitlist 

group were compared.  The Waitlist participants completed three assessments in total; Baseline, 

Post-intervention phase (also used as Pre-intervention) and Post-intervention (see Figure 2 for 

reference).  For the three-group analysis, the first two assessment sessions of all groups were 

compared.  For clarity, these were defined as Baseline and Post-intervention phase.  In a second set 

of analyses, participants were combined by the intervention type completed (Memory Tune or 

Cognitive Stimulation).  For waitlisted participants, the second and third assessment sessions 

(spanning active intervention) were used.  In this two-group analysis, the second assessment session 
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of ex-Waitlist participants was defined as their Pre-intervention testing for intervention, followed by 

Post-intervention. 

Because the design had both within group (time) and between group variables, mixed 

repeated measures ANOVAs were used.  The key statistic in these analyses was the group by time 

interactions.  Significant interactions would indicate differential improvement or decline over time 

between the groups on an outcome (memory) measure.  Post-hoc testing was then used to 

determine which groups changed significantly over time and which groups performed significantly 

differently from each other at either time-point (described below for each analysis).  If the direction 

of the effect were in favour of greater improvement within the Memory Tune group, this would 

support the efficacy of the Memory Tune intervention for memory performance.  Effect sizes were 

calculated as generalised eta squared, with partial squared eta provided for reference (Lakens, 

2013).  Generalised eta squared allows for comparison across studies and can be used to classify 

effects as small (0.01), medium (0.06), or large (0.14), although the latter is not the ideal purpose of 

this measure. 

Baseline score comparisons.  To screen for significant group differences in performance at 

Baseline a series of one way ANOVA tests was run, comparing Baseline scores for the three groups 

on each measure.  For the two-group analysis, independent samples t tests were used comparing 

the groups’ performances at Baseline (pre-intervention) testing.  

Three-group analysis.  Separate mixed repeated measures ANOVAs were used to determine 

if there were significant changes over time in test scores in any of the groups; Memory Tune, 

Cognitive Stimulation and Waitlist.  Group (Memory Tune, Cognitive Stimulation and Waitlist) was 

the between-subjects factor and time (baseline and second assessment session) the within-subjects 

factor in each analysis.  Where significant interactions were found, Bonferroni pairwise comparisons 

were performed to identify which groups showed significant change over time.  Where there was a 

significant main effect of group, Hochberg GT2 tests were used for post-hoc analysis, given the 

unequal sample sizes.  In all cases, data met the assumption of homogeneity of variances.   
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Two-group analysis.  Pre-intervention and Post-intervention data for all participants was 

used for these analyses.  Thus, for Waitlist participants, assessments two and three were used.  

Separate mixed repeated measures ANOVAs were then conducted with group (Memory Tune and 

Cognitive Stimulation) as the between-subjects factor and time (pre- and post- intervention) as the 

within-subjects factor.  Bonferroni pairwise comparisons were used to examine significant 

interactions. 

Short-term and working memory longest string.  The longest correct string of digits score 

for both short-term and working memory tasks were analysed non-parametrically, as these data do 

not meet the assumptions of parametric testing.  In the three-group analysis, separate Kruskal-Wallis 

Tests were used to test whether there were significant differences between the groups at Baseline 

and Post-intervention phase.  When a difference was detected, Mann-Whitney U comparisons 

between the groups were conducted.  The significance values were adjusted for the multiple 

comparisons using Bonferroni’s inequality test (p =.05 / number of comparisons).  Thus the 

significance level was set at p ≤ .017.  If the groups did not differ at Baseline but did following the 

intervention phase, this would suggest there was differential improvement or decline across the 

groups.  Separate Wilcoxon Signed Ranks Tests were then used to compare Baseline and Post-

intervention phase for each group, to test for significant change over time in each group.  Effect size 

was calculated in terms of r, which does not rely on parametric testing assumptions (Fritz, Morris, & 

Richler, 2012).   

In the two-group analysis, Pre-intervention and Post-intervention scores were compared for 

each group using the Wilcoxon signed-rank test.  Comparisons between the Memory Tune and 

Cognitive Stimulation groups at both time points were completed with Mann-Whitney U tests.    If 

one group showed improvement across sessions, a difference found at Post-intervention and not at 

Pre-intervention would suggest differential improvement across time between groups. 

Composite score calculation.  An exploratory analysis was conducted to assess whether 

differential change would be seen in a composite measure of memory performance on the 
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assessment battery.  In each of the two analyses, this was done by converting the raw task scores to 

z-scores.  The z-scores were then averaged for included tasks.  Where transformed data were used 

for a sub-test, these were used for z-score calculation.  The composite scores were then used in 

ANOVA and correlational analyses. 

Management of missing data.  Where scores were missing or excluded, both data points for 

the participant were removed for the affected measure(s).  One participant’s non-verbal memory 

immediate and delayed scores at post-intervention testing were extreme outliers, attributed to high 

anxiety during this test, and were therefore excluded.  This participant was in the Cognitive 

Stimulation group and inclusion of the very low Post-intervention phase scores would have falsely 

exaggerated any relative improvement by the Memory Tune group.  The participant’s performance 

on other subtests appeared normal. 

Correlational analysis.  Relationships between demographic variables and both baseline and 

change scores were explored through correlational analyses.  The relationship between change 

scores and the number of hours participants reported spending on modules was also examined.  A 

series of Spearman’s rho correlations were used, as these data did not meet the assumptions of 

parametric testing.   
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Results 

Memory Tune, Cognitive Stimulation and Waitlist groups 

In the first set of analyses all groups, Memory Tune, Cognitive Stimulation and Waitlist, were 

compared.  For each group the first assessment was considered the Baseline and the second 

assessment was the Post-intervention phase testing.  The intervention phase was approximately 

seven weeks, where the Memory Tune and Cognitive Stimulation groups completed interventions 

and the Waitlist group did not. 

Inspection of skewness, kurtosis and Shapiro-Wilk tests indicated that the assumption of 

normality was supported for all measures apart from EMQ-R (Cognitive Stimulation and Waitlist 

groups), prospective memory (Memory Tune and Waitlist groups), and non-verbal immediate 

(Cognitive Stimulation group) and delayed recall (Memory Tune group).  Data for the EMQ-R and 

prospective memory measures were transformed using a square root transformation.  Non-verbal 

immediate and delayed recall data were log10 transformed.  Following transformation, all these 

variables met normality requirements. 

Comparison of baseline performances.  One way ANOVAs were used to determine whether 

the Memory Tune, Cognitive Stimulation and Waitlist groups differed significantly on any measure at 

baseline.  The groups differed in performance on the face recognition test (F2,56 = 3.903, p = .026).  

Hochberg GT2 post-hoc tests revealed that the Memory Tune group performed significantly better 

than the Waitlist group (p = .026), while the Cognitive Stimulation group did not differ from either of 

the others.  The difference between groups approached significance on the short-term memory task 

(F2,56 = 2.609, p = .083).  There were no significant differences between the groups among the 

remaining measures (all p-values > .163).  The presence of baseline differences in the face 

recognition task and the trend towards difference noted in short-term memory task are considered 

in the interpretation of these in the discussion. 

Testing the effects of the Memory Tune intervention.  The results of comparisons are 

presented for the memory tasks related to the target subtypes of memory. 
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Verbal Memory Task.  None of the verbal memory measures (first trial, total recall or 

delayed recall) showed a significant main effect of group (all p-values > .584).  There was a significant 

main effect of time on the verbal memory total score (F1,56 = 4.036, p = .049, ƞ G
 2 = .010, ƞ p

 2 = .067), 

such that participants’ performances improved from Baseline to Post-intervention phase testing 

sessions.  The same pattern was found for verbal memory delayed recall, although this only 

approached significance (F1,56 = 3.909, p = .053).  The main effect of time was not significant for 

verbal memory first trial (p = .325).  There were no significant group by time interactions for any of 

the variables, however, indicating no differential improvement of any of the groups, (all p-values > 

.261).  Descriptive statistics for the memory measures, can be found in Table 4.  

Non-verbal memory task.  For non-verbal immediate recall there were no significant main 

effects of group (F2,56 = 1.194, p = .311) or time (F1,56 = 2.981, p = .090).   There was, however, a 

significant group by time interaction (F2,56 = 3.207, p = .048, ƞ G
 2 = .028, ƞ p

 2 = .104).  Planned 

Bonferroni pairwise comparisons revealed significant improvement between Baseline and Post-

intervention phase for the Memory Tune group (p = .005) but not the Cognitive Stimulation group (p 

= .934) or the Waitlist group (p = .848).  At the Post-intervention measurement, the Memory Tune 

group scored significantly higher than the Waitlist group (p = .046).  No other pairwise comparisons 

were significant (p-values > .600).  In other words, the Memory Tune intervention was associated 

with an improvement in performance on the non-verbal memory task, whereas the Cognitive 

Stimulation and Waitlist were not (see Figure 6).   

For non-verbal delayed recall, the key time by group interaction approached significance 

(F2,56 = 3.036, p = .056).  There was a significant main effect of time (F1,56 = 6.508, p = .014, ƞ G
 2 = .022, 

ƞ p
 2 = .106) whereby participants performed better at Post-intervention phase than Baseline.  There 

was no significant main effect of group (F2,56 = .681, p = .511).  Thus, for the delayed recall of non-

verbal memory, participants’ performance improved across sessions overall but the differential 

change between groups did not reach significance. 
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Figure 6.  Non-verbal immediate recall memory scores at Baseline and Post-intervention phase for 
Memory Tune, Cognitive Stimulation and Waitlist groups.  Data are log10 transformed.  Error bars 
indicate the Standard Error of the Mean.    *Indicates p < .05. 
 

Short-term memory task.  For short-term memory total scores, there was no significant main 

effect of time or group by time interaction (p-values > .597).  However, a significant main effect of 

group was found (F2,56 = 3.237, p = .047).  The Memory Tune group scores were higher than those of 

the Waitlist group and Hochberg GT2 post-hoc tests revealed that this difference approached 

significance (p = .065).  The Cognitive Stimulation group did not differ significantly from either the 

Memory Tune or the Waitlist groups (p-values > .232).  
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Table 4  

Mean performance (SD) on memory tasks of Memory Tune, Cognitive Stimulation and Waitlist groups  

Measure 

Memory Tune (n = 16)   Cognitive Stimulation (n = 15)   Waitlist (n = 27)   
Time by group 
interaction 

Baseline SD 
Post-

intervention 
phase 

SD  Baseline SD 
Post-

intervention 
phase 

SD  Baseline SD 
Post-

intervention 
phase 

SD  p 

Verbal - first trial 8.63 2.87 8.69 3.03  7.73 2.37 7.93 2.69  7.68 2.21 8.39 2.77  .645 

Verbal - total 32.69 7.47 33.56 7.67  30.07 6.45 31.87 6.84  30.68 5.33 32.11 7.56  .875 

Verbal - delayed 11.50 3.27 11.63 2.99  10.27 3.71 11.6 3.79  11.21 2.48 11.54 3.37  .261 

Non-verbal - immediate 
recall 

24.56 8.37 30.50 6.80  25.40 8.46 24.87 10.58  24.57 8.84 24.36 8.22  .048* 

Non-verbal - delayed 
recall 

22.88 8.54 28.13 7.94  22.60 8.84 24.67 9.92  23.14 8.49 23.04 8.74  .056§ 

Short-term – total 11.56 2.03 11.75 1.95  11.47 2.64 11.13 2.42  10.21 2.01 10.11 2.04  .597 

Face recognition 35.94 2.43 33.94 3.87  34.93 2.34 32.8 3.14  33.46 3.37 31.75 4.32  .951 

Working memory - total 12.63 1.86 13.25 1.84  12.93 2.58 12.47 2.39  12.48 2.05 13.00 2.00  .081§ 

Prospective memory 20.13 6.69 24.81 4.69  18.60 7.02 22.4 7.41  17.79 7.46 20.68 6.74  .791 

Composite score 0.12 0.67 0.18 0.48  0.02 0.67 0.07 0.60  -0.08 0.65 -0.09 0.69  .801 

EMQ-R 8.94 5.57 7.25 4.41  13.2 8.45 10.93 6.53  9.75 6.84 8.50 5.83  .915 

 
Note.  Data shown are raw scores.  Significance testing for EMQ-R and non-verbal immediate and delayed memory were carried out on transformed data.  
SD = standard deviation.  The significant group by time interaction is emphasised in boldface.  *Indicates significance at a < .05 level.  §Indicates a trend 
towards significance, p < .08
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Table 5 shows the median scores and interquartile ranges for short-term memory longest 

string.  Kruskal-Wallis tests indicated that there were no significant differences in the medians at 

baseline, 2
2 = 2.936, p = .230.  However, at Post-intervention phase testing, the groups differed 

significantly, 2
2 = 10.616, p = .005.    Mann-Whitney Test U tests revealed that at Post-intervention 

phase median scores for maximum digit string were significantly shorter for the Waitlist group, 

compared to the Memory Tune group (U = 103.5, p = .002, r = -.394).  No other between group 

comparisons were significant at the adjusted p-value of .017.  Comparing Baseline and Post-

intervention phase scores for each group, the Wilcoxon Signed Ranks tests revealed no significant 

differences for the Memory Tune (p = .564) or Cognitive Stimulation (p = .971) groups.  However, the 

difference for the Waitlist group approached significance (Z = -1.896, p = .058, r = -.247), suggesting 

the Waitlist group had shorter maximum strings at Post-intervention phase testing than at Baseline.  

As a whole these results suggest that Waitlist participants’ performance on this measure declined 

slightly across testing sessions whereas Memory Tune participants’ performance improved 

somewhat, leading to a significant difference at Post-intervention phase testing 

Working memory task.  For working memory total scores there was a trend towards 

significance in the group by time interaction (F1,55 = 2.632, p = .081).  Neither the main effect of time 

nor group were significant (p-values > .256).   

For working memory longest string, there were no significant differences between groups at 

either Baseline or Post-intervention phase and no group showed significant change over time (all p-

values > .636).  See Table 5 for median scores and interquartile ranges.  
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Table 5  

Median scores and interquartile ranges for the longest strings recalled for short-term and working 

memory tasks in the three-group analysis 

  Short-term memory   Working memory 

 Baseline 
Post-

intervention 
phase  

 Baseline 
Post-intervention 

phase 

Condition Median IQR Median IQR   Median IQR Median IQR 

Memory Tune 7 7-8 7.5 7-8  6 6-7 7 6-7 

Cognitive Stimulation 7 6-8 8 6-8  6 5-7 7 5-7 

Waitlist 6.5 6-8 6 5-7   6 6-7 7 6-7 

  
Note.  IQR = Interquartile range. 
 

Face Recognition task.  The crucial group by time interaction was not significant on the face 

recognition task (p = .971).  A significant main effect of time was found (F1,56 = 10.759, p = .002, ƞ G
 2 = 

.072, ƞ p
 2 = .161), however, participants performed more poorly at Post-intervention phase testing 

than at Baseline.  There was also a significant main effect of group (F2,56 = 4.005, p = .024, ƞ G
 2 = .079, 

ƞ p
 2 = .125), whereby participants in the Memory Tune group performed significantly better overall 

than those in the Waitlist group (p = .007).  The Cognitive Stimulation group did not differ 

significantly from either the Memory Tune group (p = .960) or the Waitlist group (p = .855).  Thus, 

the Memory Tune group outperformed the Waitlist group overall but no differential change 

between groups was found and participants as a whole did worse at this task across testing sessions.  

Prospective memory task.  The group by time interaction for prospective memory was not 

significant, nor was the main effect of group (p-values > .214).  However, a significant main effect of 

time was found (F1,56 = 15.056, p < .001, ƞ G
 2 = .067, ƞ p

 2 = .212) whereby participants improved in 

performance from Baseline to Post-intervention phase.   

Composite score analysis.  The composite score was intended as an indication of overall 

memory performance.  Participants’ performance on the face and prospective memory tasks was 

strongly influenced by interference and practice effects respectively.  Thus, these tasks were omitted 
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from the composite score calculation as their inclusion could skew the data.  Six measures were 

included; verbal first trial, verbal delayed, non-verbal immediate, non-verbal delayed, short-term 

total and working memory total.  For the composite score, neither the main effects of group and 

time nor the group by time interaction were significant (p-values > .465). 

Everyday Memory Questionnaire – Revised (EMQ-R).  No significant group by time 

interaction was found for EMQ-R scores (p = .915).  There was, however, a main effect of time (F1,56 = 

6.688, p = .012, ƞ G
 2 = .017, ƞ p

 2 = .107), whereby participants reported significantly fewer memory 

problems at Post-intervention phase than at Baseline.  The main effect of group was not significant 

(p = .162).  This suggests that participants reported improved subjective memory performance 

across sessions, regardless of their group allocation. 

 

Total Memory Tune and Cognitive Stimulation (active control) Groups 

The second set of analyses compared outcomes for all participants who completed the 

Memory Tune intervention with those who completed the Cognitive Stimulation intervention.  The 

total Memory Tune group comprised participants from the original Memory Tune group with those 

Waitlist group members who were randomised to the Memory Tune intervention following the 

Waitlist period.  Correspondingly, the total Cognitive Stimulation group comprised the original 

Cognitive Stimulation participants and the Waitlist group members who were randomised to the 

Cognitive Stimulation intervention subsequent to the Waitlist period.   

Normality and baseline screening.  Inspection of skewness, kurtosis and Shapiro-Wilk tests 

indicated that the assumption of normality was supported for all measures, apart from; EMQ-R 

(Cognitive Stimulation group), verbal delayed (Memory Tune and Cognitive Stimulation groups) and 

non-verbal immediate (Cognitive Stimulation group) scores.  EMQ-R was transformed with a square 

root transformation, verbal delayed recall scores were squared and non-verbal immediate recall 
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scores were log10 transformed.  Following transformation, these variables met normality 

requirements. 

Independent samples t tests revealed no significant differences between the groups at Pre-

intervention testing for any measure.  All p values were over .199, apart from square root of EMQ-R 

(t57 = -1.650, p = .105) and log10 transformed non-verbal immediate recall (t57 = 1.697, p = .095). 

Testing the effects of the Memory Tune intervention (two-group analyses).  A similar 

process of analysis to the above three-group procedure was used, with separate mixed repeated 

measures ANOVAs conducted for each independent variable.  Group (Memory Tune and Cognitive 

Stimulation) was the between-subjects factor and Time (Pre-intervention and Post-intervention) was 

the within-subjects factor.  Descriptive statistics and p-values for group by time interactions for the 

measures of different types of memory in the two-group analysis can be seen in Table 6. 

For verbal memory, first trial, total or delayed scores, no significant main effects or 

interactions were found (all p-values > .185).  The main effect of time for verbal memory delayed 

recall showed a trend towards significance (F1,57 = 3.213, p = .078). 

There was a significant main effect of time on non-verbal immediate memory performance 

(F1,56 = 4.136, p = .047, ƞ G
 2 = .012, ƞ p

 2 = .062), but this was modified by a significant group by time 

interaction for (F1,56 = 5.890, p = .018, ƞ G 2 = .017, ƞ p 2 = .085).  Planned pairwise Bonferroni 

comparisons revealed significant improvement between Pre-intervention and Post-intervention for 

the Memory Tune group (p = .002) but not the Cognitive Stimulation group (p = .786), as seen in 

Figure 7.  These results indicate that participants in the Memory Tune group improved differentially 

more than participants in the Cognitive Stimulation group on a measure of non-verbal immediate 

recall, although the effect was small.  Where the group by time interaction for non-verbal delayed 

recall had approached significance in the three-group analysis, the difference in two-group analysis 

was not significant (F1,56 = 1.553, p = .218).  The main effect of time was significant (F1,56 = 8.161, p = 

.006, ƞ G
 2 = .030, ƞ p

 2 = .127), whereby participants’ performance significantly improved from Pre-

intervention to Post-intervention.  
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Table 6  

Comparison of Mean scores (and SDs) pre- and post- intervention for all Memory Tune and Cognitive Stimulation participants  

 

Memory Tune  
n = 30 

 
Cognitive Stimulation  

n = 29 
 

Time by 
group 
interaction 

Measure 
Pre-

intervention 
SD 

Post-

intervention 
SD  

Pre-

intervention 
SD 

Post-

intervention 
SD  p 

Verbal - first trial 8.63 2.90 8.47 2.80  8.10 2.47 7.79 2.90  .431 

Verbal - total 32.3 7.56 33.30 7.87  31.17 6.94 31.97 7.20  .877 

Verbal - delayed 11.53 3.37 11.70 3.29  10.86 3.49 11.72 3.34  .220 

Non-verbal - 
immediate recall 

23.17 8.48 27.30 8.67  26.24 7.71 26.54 8.05  .018* 

Non-verbal - delayed 
recall 

21.47 8.59 25.83 9.24  24.34 8.43 26.32 9.13  .218 

Short-term - total 10.97 1.96 11.37 1.79  10.72 2.60 10.72 2.56  .297 

Face recognition 33.93 3.61 32.80 4.06  33.34 3.86 32.17 3.60  .975 

Working memory - 
total 

12.70 1.90 13.47 2.11  13.07 2.30 12.72 2.72  .022* 

Prospective memory 19.40 6.34 23.57 5.35   20.62 7.17 24.59 5.96   .908 

Composite score -0.04 0.66 0.07 0.62  0.04 0.65 -0.04 0.68  .044* 

EMQ-R 8.23 5.16 8.60 6.35  11.45 7.76 9.48 6.91  .072§ 

Note.  Data shown are raw scores.  SD = standard deviation; Pre = pre-intervention; Post = post-intervention.  Significance testing for EMQ-R, non-verbal 

immediate and verbal delayed memory were carried out on transformed data.  The significant group by time interactions are emphasised in boldface.  

*Indicates significance at a < .05 level. §Indicates a trend towards significance.
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Figure 7.  Non-verbal immediate recall memory scores at Pre-intervention and Post-intervention for 
Cognitive Stimulation and Memory Tune groups.  Data are log10 transformed.  Error bars indicate the 
Standard Error of the Mean.  *Indicates statistical significance (p <.05) 

 

 

Total correct scores of short-term memory showed no main effect of time or group, nor was 

there a significant group by time interaction (all p-values > .297).  In the three-group analysis, short-

term memory longest correct digit string showed a difference between the Memory Tune and 

Waitlist groups (at Post-intervention phase testing), but not between the Memory Tune and 

Cognitive Stimulation groups.  Consistent with this, in the two-group nonparametric analyses there 

were no significant differences between Memory Tune and Cognitive Stimulation groups at either 

time point (p-values > .374).  Comparing pre- and post- intervention within the Memory Tune group 

showed a trend towards significant improvement (Z = -1.738, p = .082).  No trend was seen in the 

Cognitive Stimulation group (Z = -.817, p = .414) (see Table 7 for descriptive statistics). 
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Table 7 

Median scores and interquartile ranges for the longest strings correctly recalled in short-term and 

working memory tasks within two-group analyses 

  Short-term memory   Working memory 

 
Pre-

intervention 

Post-

intervention 
 Pre-intervention Post-intervention 

Condition Median IQR Median IQR   Median IQR Median IQR 

Memory Tune 7 7-8 7 7-8  6 6-7 7 6-7 

Cognitive Stimulation 7 6-8 7 6-8  7 5-7 7 5-7 

 

The two-group analysis of working memory total scores revealed a significant group by time 

interaction (F1,57 = 5.585, p = .022, ƞ G 2 = .015, ƞ p
 2 = .089).  Planned pairwise Bonferroni comparisons 

revealed significant improvement between Pre-intervention and Post-intervention for the Memory 

Tune group (p = .024) but not the Cognitive Stimulation group (p = .308).  The main effects of time 

and group were not significant (p-values > .374).  This indicates that the Memory Tune intervention 

differentially improved performance on the working memory task.  Figure 8 shows Pre-intervention 

and Post-intervention working memory total scores for both groups.  For working memory longest 

correct string scores, there were no significant differences between the two groups at either time 

point (p-values > .366).  When looking at change over time within each group, the Memory Tune 

group showed a trend towards significant improvement from Pre-intervention and Post-intervention 

(Z = -1.713, p = .087), whereas the Cognitive Stimulation group showed no significant difference (p = 

.457). 

Participants performed worse at Post-intervention testing than Pre-intervention testing on 

the face recognition task, a difference that approached significance (main effect of time F1,57 = 3.402, 

p = .070).  Neither the main effect of group nor the group by time interaction was significant (p-

values > .429).   
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Prospective memory task scores showed a main effect of time (F1,57 = 21.978, p < .001, ƞ G
 2 = 

.099, ƞ p
 2 = .278) whereby participants’ performance improved from Pre- to Post-intervention 

testing.  However, there was no main effect of group, nor was there a significant group by time 

interaction (p-values > .418). 

 

 

Figure 8.  Working memory performance before and after intervention for Cognitive Stimulation and 
Memory Tune groups.  Error bars indicate the Standard Error of the Mean.  * Indicates statistical 
significance (p <.05). 

 
 

Composite memory score.  The composite memory score was calculated for the two-group 

analysis, again including the verbal first trial, verbal delayed, non-verbal immediate, non-verbal 

delayed, short-term total and working memory total measures.  For this analysis, the group by time 

interaction was significant (F1,56 = 4.258, p = .044, ƞ G
 2 = .008, ƞ p

 2 = .071) whereby the MT group 

improved more than the CS group from pre- to post-intervention testing  (see Figure 9).  The main 

effects of group and time were both not significant (p-values > .982).   
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Figure 9.  Composite memory scores at Pre-intervention and Post-intervention for Cognitive 
Stimulation and Memory Tune groups.  Error bars indicate the Standard Error of the Mean.   

 

For the subjective memory scale, EMQ-R, there was no significant main effect of time (F1,57 = 

2.388, p = .128), unlike the three-group analysis.  Although the Cognitive Stimulation group reported 

greater reduction in memory slips than the Memory Tune group (group by time interaction) this did 

not reach significance (F1,57 = 3.354, p = .072).  

 

Examining the impact of ceiling effects on outcome measures 

The presence of ceiling effects in performance on tasks at baseline could mask detection of 

true improvements following intervention in the aspects of memory being measured by those tasks.  

In a related vein, performing at ceiling post-intervention may mask the magnitude of improvement 

of an individual.  This was investigated first by inspecting the distribution and frequency of baseline 

scores on each measure.  Several participants scored at, or close to, maximum possible scores on the 

variables of verbal memory total recall, verbal memory delayed recall, and on prospective memory.  
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In order to investigate whether a true effect of the intervention had been masked by a lack of 

sensitivity on these measures, analyses were re-run excluding scores close to ceiling.  Ceiling scores 

were considered to be 40 or above for verbal memory total (out of 45), 14 or 15 for verbal delayed 

(out of 15) and 28 or above for prospective memory (out of 30).  On the EMQ-R, lower scores 

indicate fewer perceived memory lapses, with a minimum of zero.  Thus, scores close to zero (<2) 

were removed for this test.   

In the three-group analysis, removal of ceiling scores for all of these measures did not 

change the overall pattern of results, with neither showing a significant group by time interaction (p-

values > .250).  For verbal delayed recall a significant main effect of time was revealed (F1,42 = 4.866, 

p = .033, ƞ G
 2 = .019, ƞ p

 2 = .104), with higher scores at Post-intervention phase.  For prospective 

memory, a trend appeared in the main effect of group (F2,48 = 2.950, p = .062) whereby the Memory 

Tune group performed better than the Waitlist group.  For EMQ-R, the main effect of time was 

significant once ceiling scores were removed (F1,52 = 12.353, p = .001, ƞ G
 2 = .029, ƞ p

 2 = .192), with 

participants reporting fewer memory slips at Post-intervention phase testing than at Baseline. 

The same invariance in the overall pattern of results was seen for the two-group analysis.  

The verbal total recall, prospective memory and EMQ-R measures did not show significant group by 

time interactions following the removal of ceiling scores (p-values > .166).  For the delayed verbal 

memory measure, the Cognitive Stimulation group appeared to improve more than the Memory 

Tune group across sessions, but this interaction failed to reach significance (F1,38 = 2.912, p = .096).  

However, the main effect of time was significant (F1,38 = 7.005, p = .012, ƞ G
 2 = .024, ƞ p

 2 = .156), 

whereby participants improved from Pre- to Post-intervention.  For the EMQ-R the main effect of 

time showed a trend towards significance (F1,49 = 3.189, p = .080).   

In summary, the possibility that ceiling effects in the performance of participants on some 

outcome measures reducing the likelihood of detecting a true benefit of an intervention was 

investigated by excluding individuals’ scores if they were unable to show improvement.  For verbal 

memory delayed and the EMQ-R, removal of ceiling scores revealed improvement over time in the 
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remaining participants’ scores.  However, the removal of these scores did not lead to any significant 

group by time interactions, which were the key statistic of interest.   

 

Correlational analysis 

Hours spent on modules.  Participants reported spending an average of 9.66 hours (SD = 

3.86) on the interventions.  This ranged from 3.93 to 23.75 hours.  Within the Memory Tune group, 

average time spent was 9.76 hours (SD = 4.36), with the Cognitive Stimulation group spending 9.17 

hours (SD = 3.70).  This difference was not significant (p = .59). 

It was of interest whether participants who spent more time working through the modules 

might show greater memory improvements.  Separate Spearman’s correlations were calculated 

between hours spent and change on measures (difference scores between Pre- and Post-

intervention testing) for each group.  For the Memory Tune group there was a significant correlation 

between hours spent on the modules and improvement in short-term memory total score (rs = .376, 

p = .044).  No other correlations with hours spent training were significant.  In other words, 

increased time spent working on Memory Tune, but not Cognitive Stimulation, was associated with a 

greater increase in short-term memory total score. 

ACE-III.  The ACE-III is a screening tool for cognitive decline in older adults and was used as a 

baseline screening measure for possible cognitive decline.  Correlational analysis with ACE-III scores 

and Baseline scores revealed significant correlations with most memory tasks; verbal first trial (rs = 

.533, p < .001), verbal total (rs = .610, p < .001), verbal delayed (rs = .516, p < .001), non-verbal 

immediate (rs = .411, p = .001), non-verbal delayed (rs = .518, p < .001), face recognition (rs = .265, p = 

.043), working memory total (rs = .361, p = .005), and prospective memory (rs = .397, p = .002).  

Notably, there was no significant correlation between ACE-III and EMQ-R scores (rs = .016, p = .902). 

In order to test whether the extent of participants’ improvement was related to their level of 

global cognitive function at baseline, correlations between ACE-III scores and difference scores for 

baseline and post-intervention performance for each measure were calculated, separately for the 
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two intervention groups.  No significant correlations were found for either group (Memory Tune or 

Cognitive Stimulation).   

EMQ-R.  The EMQ-R was used as a subjective measure of memory performance in daily life.  

To examine the relationship between perceived and observed memory change, EMQ-R change 

scores were correlated with the change scores of each memory measure separately for each 

intervention group. Within the Memory Tune group, change in EMQ-R correlated with change in 

short-term memory total score (rs = .447, p = .013).  There were no significant correlations within the 

Cognitive Stimulation group.  Thus, improvements in performance on the short-term memory task 

were associated with higher self-reported memory performance for the Memory Tune group only. 

Years of Education.  The number of years an individual has spent in formal education has 

been observed to predict better function in ageing and is therefore often used as a proxy for 

Cognitive Reserve (Stern, 2009).  The relationship between years of education and baseline scores 

was investigated through correlational analysis.  Trends were found in the correlation between this 

and the first learning trial of the verbal task (rs = .225, p = .087), and the short-term memory longest 

correct digit string (rs = .230, p = .080).   

To explore whether years of education were associated with potential improvements 

following either intervention, correlations were calculated with change scores for each memory task.  

This was run separately for participants in the Memory Tune and Cognitive Stimulation groups.  No 

significant relationships were observed for the Memory Tune group (p-values > .181).  For the 

Cognitive Stimulation group, trends were found for change scores of short-term memory total (rs = -

.353, p = .061) and working memory total (rs = .352, p = .061).    
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Comparison with pilot study 

The current study was conducted following promising findings of the effectiveness of 

Memory Tune in a pilot study (Lamont, 2012). On the pilot study individuals who underwent training 

with Memory Tune significantly improved in performance on measures of verbal, non-verbal, short-

term, working and prospective memory types (all p-values < .003).  However, this study lacked 

comparable control groups.  Results from the current study appear to differ from the pilot findings.  

To allow direct comparison with the pilot study data, results from the comparable Memory Tune 

intervention only group were used.  Paired samples t tests were completed comparing the pre- and 

post- intervention scores of the pilot study Memory Tune group and the intervention only Memory 

Tune group from the current study. 

In the current study, significant increases in score from Baseline to Post-intervention testing 

were found for non-verbal immediate (p = .016), non-verbal delayed (p = .040) and prospective (p = 

.038) memory measures, following Memory Tune training.  Scores for face memory declined 

significantly from baseline to post-intervention testing (p = .037).  

Thus, the pilot study showed significant improvement in more of the measures used and 

greater changes (see Table 8 for comparison).  These may be due to methodological differences, 

such as the use of individual testing and parallel measures in the current study.  In comparison, the 

pilot study used group testing and the same version of measures, increasing the likelihood of 

practice effects. 

 

  



RESULTS  90 
 

 

Table 8 

Mean scores for Memory Tune only participants in pilot study and current study at baseline and after 

intervention 

  
Pilot Study 2012    Present study 

n = 25   n = 16 

Measure Pre SD Post SD p  Pre SD Post SD p 

EMQ-R -  -  -  8.94 5.57 7.25 4.41 .094 

Verbal memory first trial 8.08 2.63 9.92* 2.36 .001  8.63 2.87 8.67 3.01 .918 

Verbal memory total -  -  -  32.69 7.47 33.56 7.67 .520 

Verbal memory delayed -  -  -  11.50 3.27 11.63 2.99 .763 

Non-verbal immediate 23.24 7.66 34.60* 9.50 <.001  24.56 8.37 30.50* 6.80 .025 

Non-verbal delayed -  -  -  22.88 8.54 28.13* 7.94 .040 

Short-term memory 11.24 2.55 12.40* 2.08 .003  11.56 2.03 11.75 1.95 .456 

Face memory -  -  -  35.94 2.43 33.94* 3.87 .037 

Working memory 11.76 3.82 13.72* 3.32 .001  12.63 1.86 13.25 1.84 .086 

Prospective memory 18.52 7.76 26.68* 4.88 <.001  20.13 6.69 24.81* 4.69 .038 

 
Data shown are raw scores.  EMQ-R = Everyday Memory Questionnaire – Revised; Pre = pre-
intervention; Post = post-intervention.  Significance testing was carried out on transformed data for 
non-verbal delayed memory (log10) and prospective memory (square root).  *Indicates significance at 
a < .05 level.  - Indicates tests that were not performed or excluded (face memory task 
administration issues in pilot). 
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Discussion 

The present study aimed to assess whether the memory training programme, Memory Tune, 

improves the memory of older adults.  To achieve this, an RCT was conducted comparing the relative 

change in performance on a battery of memory tests with Memory Tune training versus both an 

active and a passive control condition.  A key aspect of the current study is the inclusion of a closely 

matched Cognitive Stimulation control condition, allowing a comparison that controls for nonspecific 

effects of training (Mohr et al., 2009).   

The three-group analysis compared the performance of the Memory Tune group to both the 

Waitlist and Cognitive Stimulation groups.  In this, training effects were found in the non-verbal 

immediate memory task and the short-term memory longest digit string measure, whereby the 

Memory Tune group improved more than the Waitlist group after the intervention period.  The two-

group analysis compared only the Memory Tune and Cognitive stimulation groups.  In this, training 

effects were found for non-verbal immediate and working memory tasks whereby the Memory Tune 

group improved after the intervention more than the Cognitive Stimulation group.  The Memory 

Tune group improved more than the Cognitive Stimulation control group on a composite memory 

measure, comprised of scores from the following tasks: verbal memory first trial, verbal delayed 

recall, non-verbal immediate recall, non-verbal delayed recall, short-term total, and working 

memory total.  All training effect sizes were small.  The remaining tasks did not show significant 

training effects, although this approached significance for the non-verbal memory delayed task in 

the three-group analysis.  In the three-group analysis, participants in all groups reported fewer 

memory slips over time on the subjective memory measure (EMQ-R).  

 

Overall efficacy of Memory Tune 

The two control conditions allowed evaluation of the efficacy of Memory Tune relative to 

different potential sources of improvement in memory test performance.  Any improvement by the 

Waitlist control group can be attributed largely to practice effects, as well as familiarity with the 
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assessors and testing process.  Thus differential improvement by the Memory Tune group relative to 

the Waitlist group would suggest these improvements were not simply a result of practice effects on 

the outcome measures, but were likely related to receiving an intervention. In contrast, the active 

control intervention of Cognitive Stimulation, made it possible to see whether the Memory tune 

intervention produced differential improvement when expectancy effects (from receiving an 

intervention) are constant across the two conditions.  If the Memory Tune intervention did result in 

differential improvements compared with the Cognitive Stimulation group this would suggest the 

improvement may be attributable to the specific nature of the intervention, namely the specific, 

targeted memory strategies and practice.  General mental stimulation may improve overall cognitive 

function and therefore memory performance to some degree, thus participants in both active 

conditions were expected to improve more than participants in the Waitlist condition.  The Memory 

Tune group, receiving specific memory training, was expected, however, to improve more than 

either control group.   

Results are partially in line with this hypothesis, with significant training effects observed for 

the working memory task, relative to the active control (Cognitive Stimulation), the short-term 

memory longest correct digit string, relative to the inactive (Waitlist) control, and the non-verbal 

immediate memory task relative to both.  For the remaining tasks, the results are less conclusive.  In 

the three-group analysis, increasing scores across all groups including Waitlist were found for all 

verbal memory measures and prospective memory, suggesting practice effects for these measures.  

For prospective memory, this was also found in the two-group analysis.  A deterioration of scores 

over time was seen for the face task, suggesting a methodological issue with the task used.   

Non-verbal memory task.   The Memory Tune group showed a greater improvement on the 

non-verbal immediate recall task than both the active (Cognitive Stimulation) and inactive (Waitlist) 

control groups, and this result was maintained after the Waitlist participants had also completed an 

intervention (i.e., the two-group analysis).  These findings suggest that non-verbal memory 

performance can be improved in healthy older adults with targeted training.   
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Although the training effect was of small size, the non-verbal immediate recall task showed 

the greatest training effect of any task in this study.  It is possible that participants do not usually 

have pre-existing strategies for this type of memory, such that they had more to gain from training.  

This is in contrast to strategies for verbal memory, which are commonly known and drawn upon by 

the general public. For example, mnemonics are commonly suggested as a technique to improve 

learning of material for school exams.   

Previous research has been equivocal regarding training effects on non-verbal memory.  

Small to moderate effect sizes related to improved non-verbal memory following training have been 

reported with group-based computerised training compared to active control groups (e.g. Bottiroli & 

Cavallini, 2009; Lampit et al., 2014; Shatil, 2013).  Two of these entailed intensive process-based 

training over several weeks, targeting several cognitive processes, including memory (Lampit et al., 

2014; Shatil, 2013).  However, Bottiroli and Cavallini (2009) provided both process-based and 

strategy (imagery and associative learning) training and reported improved performance on recall of 

common object images, following just three 2-hour training sessions.  Notably, benefits followed a 

range of training durations across different studies.  Similarly, we did not find an association 

between hours spent on training and non-verbal memory improvement.  Taken together this 

suggests that the duration of training is not a key factor in improving non-verbal memory. 

Previous studies using video-game and computer-based training have not found benefits for 

non-verbal memory (Boot et al., 2013; Bozoki, Radovanovic, Winn, Heeter, & Anthony, 2013).  Both 

of these studies involved intensive training over several weeks.  Interestingly Boot et al. found 

particularly low compliance with prescribed hours for the game they had hypothesised would 

produce the greatest gain (an action video game).  However, there was no clear relationship 

between compliance and improvement on memory measures.  Examination of feedback showed 

that low compliance related to participants enjoyment and beliefs about the game – they reported 

the action game to be less enjoyable and that they did not believe it would improve cognition.  

Consistent with the importance of engaging participants, Bozoki et al. (2013) reported that their 
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active control condition was less interesting than the intervention, resulting in a higher drop-out rate 

(25%) compared with the active group (10%).  Thus, individual factors, such as motivation, and 

goodness-of-fit between an individual and the proposed intervention might play a substantial role in 

the success or failure of any specific training intervention.  

In a meta-analysis of computerised cognitive training including 13 studies that reported non-

verbal memory scores, small to moderate training effects were found (Lampit et al., 2014).  This 

indicates potential for non-verbal memory performance to be improved through training.   

Interestingly, the benefit for non-verbal immediate recall for the Memory Tune intervention 

does not clearly carry over to delayed recall.  Despite the increase in the number of shapes recalled 

after a delay by the Memory Tune group (M = 22.88 to M = 28.13) relative to the Waitlist group (M = 

23.14 to M = 23.04), this could not be tested directly because the interaction failed to reach 

significance (p = .056).  Analyses of the expanded Memory Tune and Cognitive Stimulation groups 

revealed that both groups showed improved performance following the intervention phase.  This 

suggests either some degree of practice effect in performance on the non-verbal delayed memory 

task, or that both interventions produced significant improvements on the ability to retain non-

verbal information after a delay.  It appears that Memory Tune may benefit non-verbal memory 

performance but that this was not detectable due to lacking statistical power in the three-group 

analysis, a benefit of the Cognitive Stimulation intervention for non-verbal delayed memory, or 

potentially a combination of both.  Future research might distinguish between these possibilities 

with greater statistical power, such that both Memory Tune and Cognitive Stimulation could be 

adequately compared to an inactive control condition. 

Working memory task.  The consolidated Memory Tune group improved on the working 

memory task following intervention more than the Cognitive Stimulation group.  A trend in this 

direction was evident when comparing all three groups, possibly not reaching significance due to the 

reduced statistical power with the smaller group sizes.  Several studies and meta-analyses have 

reported training effects for working memory (e.g. Karbach & Verhaeghen, 2014; Kelly et al., 2014; 
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Lampit et al., 2014).  However, the commonly used paradigms have been criticised as overestimating 

training effects through the use of inactive or inadequate active controls.  These training effects 

appear to be reduced, and often absent, when compared with active controls (Melby-Lervåg & Hulme, 2016).    

The selection of studies and definition of an “active control” condition influences findings (Martin et 

al., 2011).  The current study adds to the literature by demonstrating that targeted memory training 

can show significant training effects in comparison to a matched, active control programme.  

Although the effect size was small, this can be attributed to the specific memory aspects of training. 

Further, the outcome measure used was an untrained working memory task, providing 

evidence for generalisation from the trained task, at least to other working memory tasks.  

Generalisation of training effects to another working memory task supports the view that a common 

core network is recruited to perform various working memory tasks (Klingberg, 2010).   

Previous studies in the literature that report training benefits for working memory 

frequently include adaptive difficulty, whereby difficulty increases as performance improves (e.g. 

Jaeggi, Buschkuehl, Jonides, & Perrig, 2008; Klingberg, 2010; Zinke et al., 2014).  As the Memory 

Tune intervention is not a computerised training package, it was only possible for difficulty to 

increase gradually over the course of the programme.  Given our finding that Memory Tune did 

improve working memory performance, this suggests that gradual increase in difficulty (rather than 

adaptive difficulty) is sufficient.   

Other studies, such as Li et al. (2008) also found benefits without adaptive difficulty.  In their 

study older adults did not reach ceiling on the training task, suggesting that training benefits can 

accrue without altering difficulty, as long as the task remains challenging.  It would be of interest to 

explore if adaptive difficulty might be included in Memory Tune training and compare this directly 

with challenging but non-adaptive training.   

Duration and frequency of training varied widely across studies, from daily training for 

several weeks (e.g. Li et al., 2008; Richmond, Morrison, Chein, & Olson, 2011) to just three hours 

total in two weeks  (Borella et al., 2010).  Yet all of these studies reported improvements in working 
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memory.  We also did not find a relationship between hours spent on the training programme and 

improvement on the working memory task.  Together this suggests that the amount of time spent 

on the intervention is not the key determinant of improvement immediately following training.   

One reason for the intense interest in working memory relates to theories suggesting that 

the decline of working memory with age may underlie losses seen in other forms of memory and 

cognitive areas, such as fluid reasoning (Klingberg, 2010).  Theoretically, ameliorating changes in 

working memory would therefore have a profound effect on daily functioning related to memory-

based tasks, potentially attenuating general cognitive decline.  However, research thus far has been 

equivocal, with some claiming to have demonstrated generalisation of training (e.g. Karbach & 

Verhaeghen, 2014; Zinke et al., 2014), but others suggesting that these are an artefact of 

methodological and analytical limitations (Melby-Lervåg & Hulme, 2016).  Jaeggi et al. (2008) notably 

reported improvement in general intelligence (measured with Raven’s progressive matrices) with 

intensive training on an n-back task.  However, others have failed to replicate these findings (Smith, 

Stibric, & Smithson, 2013; Thompson et al., 2013).   

Despite the difficulties in demonstrating transfer of working memory gains to verbal 

immediate and delayed memory (Richmond et al., 2011) or fluid intelligence (Thompson et al., 2013) 

in older adults, various forms of training have led to improvements on a range of working memory 

tasks (Karbach & Verhaeghen, 2014), suggesting that working memory can be enhanced.  Bolstering 

working memory is likely to be of intrinsic value.  The ability to hold and manipulate both new and 

recalled information, is a key component of explicit memory (Shipstead et al., 2012).  Due to its role 

in the flow of information in the formation of new memories and the manipulation of both new and 

retrieved information, improvement of working memory may be valuable, even in the absence of 

generalisation to non-working memory tasks.   

Short-term memory task.  Aspects of the findings suggest that Memory Tune might improve 

short-term memory.  Although the intervention did not improve the short-term memory total score 

measure, the Memory Tune group did show differential improvement over time for the longest digit 
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string relative to the Waitlist group.  There was no difference, however, between the Memory Tune 

and Cognitive Stimulation groups in either comparison.  The Memory Tune training group (but not 

Cognitive Stimulation) showed a significant positive relationship between hours spent on training 

and improvement in task performance.  This suggests that there was some benefit of Memory Tune 

for short-term memory, and that those who spent more time working on the modules showed 

greater improvement.  However, the extent or importance of these improvements is unclear.   

The study included only a single short-term memory task, with two dependent variables.  

Furthermore, the Memory Tune group did not show differential improvement compared to the 

other groups on the short-term memory total.  However, the differential improvement of the 

Memory Tune group relative to the Waitlist group on the digit span capacity may be important, as 

this can be one of the bottlenecks to the formation of new long term memories. 

The significant relationship between hours spent working on Memory Tune modules and 

performance on the digit span task suggests that participants could improve further on this memory 

type through additional training.  Lampit et al. (2014) calculated an optimal “dose” of cognitive 

training, being a minimum of 30 minutes per session and 1-3 sessions per week.  In the current study 

participants completed a set amount of work but the time spent was up to individuals.  Thus, there 

was great variation in the hours spent for each session, ranging from approximately four to 24 hours.  

The average time participants spent working on Memory Tune was 1.4 hours per week, which would 

be within the range of the purported optimal dose.  Future research could potentially provide 

additional practice, such that those who completed the modules quickly could top-up their time to a 

given minimum. 

Verbal memory task.  No improvements were evident on the verbal memory task as a result 

of intervention.  In the three-group analysis, there was some evidence of general practice effects 

with improved performance improved across sessions for verbal total scores.  In the two-group 

analysis, however, the practice effect was not present.  This may be because the practice effect is 

present most strongly between the first and second testing occasions, but not for subsequent 
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sessions.  As 46% of the two-group analysis were from the original Waitlist condition, their Pre- and 

Post-intervention testing were actually their second and third testing sessions, which may have 

reduced the likelihood of detecting practice effects in the other 54% of participants. 

These null findings are reasonably consistent with previous studies, suggesting minimal 

improvement on verbal memory tasks with memory training.  A Cochrane Review with meta-analysis 

of 36 cognitive training studies (including memory-specific interventions) found benefits of cognitive 

training for immediate and delayed verbal recall compared with inactive controls (Martin et al., 

2011).  However, these were not significant compared with active controls.  A subsequent meta-

analysis found training effects on a verbal paired associates task (Kelly et al., 2014).  Although 

significant, the effect size was small, based on only three RCTs, and the confidence interval for one 

of the studies overlapped zero.  Thus, process driven improvements may occur but effect sizes are 

small and not always significant.   

However, training effects in verbal memory have been reported for older adults with 

memory strategies alone (e.g. Belleville et al., 2006; Cavallini et al., 2003).  The Memory Tune 

programme teaches strategies alongside memory practice, which perhaps makes our findings 

surprising.  In this study, however, the ability to detect small training effects may have been affected 

by the task presentation.  Words were presented visually in order to avoid receptive issues for 

participants with hearing loss.  However, this presentation may have increased all participants’ 

performance through dual encoding (Paivio, 1991).  This may have off-set benefits of any increased 

strategy use within the Memory Tune group and made it more difficult to detect any differential 

improvement.  In summary, the current study does not show evidence of training effects for 

Memory Tune on verbal memory but further exploration with a range of verbal tasks might provide 

more conclusive evidence.  

Face memory task.  It was notable for the face memory task that participants did not show a 

practice effect but, in fact, performance deteriorated significantly across assessments.  On reflection, 

this was almost certainly due to the design of the task.  In creating the parallel versions of this task, 
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we used the same face stimuli but altered which items were targets and which were foils. We 

predicted that presentation of targets at each session would have sufficient recency that residual 

memory of previous targets, now foils, would not affect recognition of current targets.  However, 

results suggest that the recognition of the faces seen was retained by participants sufficiently to 

cause interference at subsequent assessments even after a seven to eight week interval.  This has 

rendered the results of the face recognition task uninterpretable in terms of the effect of Memory 

Tune training.  It is notable that this implies a high durability (over seven weeks) of memory traces 

for briefly presented faces (five second presentations – once for encoding and again at forced-choice 

recognition). 

Face recognition is an important skill in social cognition.  Perception and memory of faces 

appear to be supported by distinct neural networks, with some parts in common with other that of 

other objects but other parts possibly unique to faces (Haxby, Hoffman, & Gobbini, 2002).  The 

durability of memory traces found for faces in this study, is consistent with the view that the 

processing and storage of faces in the brain are separate from other forms of visual stimuli (Farah, 

1996; Haxby, Hoffman, & Gobbini, 2000; Haxby et al., 2002), and perhaps more durably encoded. 

Prospective memory task.  Participants’ performance on the prospective memory task 

improved significantly over time.  This change was significant in both analyses – not altered by the 

inclusion of ex-Waitlist participants who had previously been exposed to the task.  This suggests that 

the task had a substantial practice effect, with the changes due to experience with the test.  This 

may partially be due to the difficult nature of changing prospective memory tasks to create truly 

parallel versions.  Once participants had been exposed to the paradigm, they appeared to be more 

alert for cues in subsequent training.  The magnitude of the practice effect makes it difficult to 

detect any differential change across groups, even if some improvements in the memory ability did 

improve.   

Future training trials would need to develop drastically different prospective memory tasks 

for the outcome measures to enable a valid test of prospective memory training.  Other studies have 
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used the approach of assessing prospective memory at a single time-point, comparing the 

performance of a group with strategy training to a group without (e.g. McDaniel, Howard, & Butler, 

2008).  Although this design is less powerful than one that allows within-subject change to be 

measured, this would be out-weighed by the benefit of removing the practice effect.   

A potential alternative was found once the extent of the practice effects was noted.  The 

Royal Prince Alfred Prospective Memory Test (Radford, Lah, Say, & Miller, 2011), which has been 

developed as three parallel versions, is highly suitable for repeated measures designs.  Future 

research could more adequately assess changes in prospective memory using this measure. 

Composite memory score.  The composite score analysis gave an indication of the overall 

effectiveness of Memory Tune on improving memory as a whole.  The Memory Tune intervention 

group did show greater change in their composite scores compared to the Cognitive Stimulation 

groups.  This suggests that the Memory Tune intervention had a small beneficial effect across several 

memory measures, even when some of these did not show significant training effects in their own 

right. 

This finding supports the validity of the significant results in other memory sub-types in this 

study.  Adjustment for multiple comparisons was not made, to avoid Type II error (or accepting the 

null hypothesis when it is not true).  Given that the intention of the study was to explore the effect 

of Memory Tune training on several separate, dissociable memory processes, it was decided to run 

the omnibus testing of each memory test separately.  Feise (2002) suggested that unadjusted p-

values may be considered within the context of the effect size and study design, with consideration 

of the consequences of Type I and II errors.  Further support for these findings should be sought 

through replication and increased sample size in future studies. 

Overall interpretation of findings.  Within the large body of literature on memory and 

cognitive training for older adults, there is great heterogeneity of interventions and testing 

methodology, leading to an array of results that can be difficult to synthesise.  The mixed findings in 

training research may relate to a range of factors specific to each study, such as levels of compliance, 
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participants’ expectations and baseline levels of activity in the sample.  For example, if the 

placement and content of study advertising appeals to participants who are relatively inactive, one 

might expect a greater level of improvement than for participants for whom training would take the 

place of another cognitively engaging activity.  Also, if training were framed in such a way that 

participants were likely to form positive or negative beliefs about training the brain and how this 

might be achieved, this could affect compliance and/or motivation.  Furthermore, there are great 

differences across studies in the methods of intervention and measurement that may account for 

some differences.  The current study contributes a particular intervention and methodology for 

which a positive effect has been found.  With continuing research, the commonalities of studies with 

positive findings might be summed to provide clearer hypotheses for what may give rise to training 

effects. 

Regarding the types of memory testes, it is conceivable that non-verbal memory and 

working memory may be more amenable to change than other memory types.  However, this does 

not appear to be the case, given the variety of memory types for which training effects have been 

found.  Several studies have reported improvements on verbal memory tasks with computer-based 

(G. E. Smith et al., 2009; Zelinski et al., 2011) or mnemonic training (Brehmer et al., 2016).  Strategy 

training has also been reported to improve memory for face-name pairings (Fairchild & Scogin, 2010) 

and prospective memory (McDaniel & Einstein, 2000).  In light of these examples, a more 

parsimonious explanation would be that Memory Tune training does not effectively target verbal, 

face or prospective memory types and/or the tasks used to measure these forms of memory were 

not adequately sensitive to detect improvement, if it did occur.  The fact that significant training 

effects were found for two memory subtypes suggests that the study had sufficient engagement 

from participants and sufficient statistical power to find real effects.  There are, however, other 

factors that may have limited the potential of this study to detect improvement on the other 

memory measures, if improvements did occur.   
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One possible issue was the battery of tasks chosen as outcome measures for memory 

performance.  These were selected to replicate the pilot study that preceded this trial, which had 

shown promising results.  Although we adapted these measures to create parallel versions, practice 

and ceiling effects were still observed on some tasks, most notably the prospective memory task 

(discussed below).  No differential change was detected in the tasks affected by ceiling or practice 

effects, whereas three of those without did show training effects.  It is possible that these memory 

subtypes did improve but the change could simply not be detected, with some of the outcome tests 

unable to test the upper limit of participants’ post-intervention performance or substantial 

improvement in control groups through practice alone.  It appears that the small magnitude of 

training effects and high potential for participants to learn from testing experiences poses a 

challenge in designing outcome measures with sufficient sensitivity to detect training effects, when 

these exist.   

There seems to be a tendency for people who volunteer for “brain training” studies to be 

already functioning at an above average level - "supernormal" (Valenzuela & Sachdev, 2009).  This 

may contribute to the ceiling effects and therefore reduced sensitivity in measures.  Other studies 

have reported similar issues (e.g. Mahncke et al., 2006).  In the current study, attempts to 

counteract ceiling effects in the prospective and verbal memory task scores through trimming the 

data did not reveal significant training effects.  This might suggest that the overall pattern of results 

was not affected.  Another possibility is that the removal of some participants’ data resulted in a loss 

of statistical power to detect differential change. 

Effectiveness of the Cognitive Stimulation control.  Although the Cognitive Stimulation 

group did not show any significant training effects, compared to the Waitlist condition, the pattern 

of findings suggest that improvements in the two groups were not identical.  For example, the non-

verbal memory training effect size for Memory Tune was smaller in comparison with the Cognitive 

Stimulation group than the Waitlist group.  Comparison with active controls typically produce 

smaller training effect sizes than comparison with inactive controls (Kelly et al., 2014; Martin et al., 
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2011).  Additionally, Memory Tune improved more than the Waitlist group on short-term memory 

longest string scores, but not the Cognitive Stimulation group.  This runs contrary to a suggestion by 

Mahncke et al. (2006) that inclusion of both active and inactive (non-contact) control groups was 

unnecessary.  They found no difference between their active and inactive controls and concluded 

that there were no placebo effects on their outcome measures (including ones of memory).  In their 

study, the active control condition was the provision of educational lectures, which matched the 

intervention for duration and delivery method (computer).  However, it is possible that the level of 

engagement and motivation were not equal in the two groups, as the control did not contain an 

interactive component.  Further, in the current study, the difference of note was not between the 

two control conditions but in the differential comparisons with the Memory Tune intervention.  This 

suggests that the inclusion of a well-matched control condition provides a sufficiently different 

comparison to inactive control conditions to warrant having both. 

One aspect that may contribute to the difference between active and inactive controls is the 

potential for “non-specific” training effects.  These are factors that can enhance performance on 

testing without increasing the function of the underlying memory processes, such as motivation, 

familiarity with tests/testing conditions, performance anxiety and expectations (Boot, Blakely, & 

Simons, 2011; Melby-Lervåg & Hulme, 2013; Mohr et al., 2009; Shipstead et al., 2012).  In the 

contentious area of memory training, inclusion of an active control is thus very important, if claims 

of specific training effects are to be made (Melby-Lervåg & Hulme, 2016).  To be effective, active 

control conditions must therefore be credible to participants (Boot et al., 2011).  For participants 

who know that they are not receiving the tested treatment, the reverse may also be possible, giving 

an inflated impression of the efficacy of the treatment.  Participants may be less motivated to 

perform if they are not receiving any form of input (Mohr et al., 2009). 

As a control group in the current study, the Cognitive Stimulation condition appears to have 

had adequate face validity, such that non-specific effects would be controlled for.  This is supported 

by the findings that the two groups did not differ on the hours spent on training modules or drop-
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out rate.  The Cognitive Stimulation condition used in this study can be described as providing one 

specific component of active treatments (engagement with cognitively challenging materials, thus 

general stimulation that is not specific to memory) and the non-specific components (such as 

participant expectation to improve).  It is possible that Cognitive Stimulation might convey a 

treatment benefit in itself, thus reducing the power of the study to find true effects of the 

experimental intervention (Mohr et al., 2009).  The Waitlist group therefore provided a valuable 

inactive control condition to allow detection of differences for both active conditions.  The 

hypothesis that participants in the cognitive stimulation group would improve more than those in 

the waitlist group was not clearly supported.   

The brief Cognitive Stimulation intervention did not appear to improve participants’ 

performance significantly on any of the tasks assessed.  This is not necessarily surprising, as memory 

was not targeted by the intervention, making all of the outcome tasks effectively “far transfer” for 

this group.  It is possible that for general mental stimulation to have a positive impact on memory, it 

must be sustained over a substantial portion of one’s lifespan, as suggested by epidemiological 

research (Baumgart et al., 2015; Manly et al., 2003; R. S. Wilson et al., 2002).  

 

Comparison with pilot study  

The basis for the current evaluation of Memory Tune was the pilot study by Lamont (2012).  

In comparing the current results to previous findings (on the measures that were common to both 

studies), they initially appear to show some disparity.  Several differences in study design, such as 

the use of parallel versions of the memory measures and individual testing (rather than group 

testing), and more robust control groups, could account for the incongruent findings.   

A key difference was the use of parallel test batteries in the current study, where the pilot 

repeated the original battery.  The presence of practice effects due to the repetition of identical 

stimuli within memory tasks in the protocol from Lamont (2012) may partially account for the large 

improvements seen on all the measured tasks.  Even the use of parallel test versions did not remove 
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substantial practice effects for the prospective memory task.  Although the face task showed 

interference in the current study, this too suggests that repeating the same target faces would result 

in a strong practice effect. 

Although the control group in Lamont’s (2012) trial did not improve, the group was too small 

(n = 4) to provide a robust comparison.  Furthermore, the control group was inactive and did not 

have contact with the assessor between testing sessions, completing pre- and post-testing only.  The 

current study used a Waitlist format and maintained equal contact between assessments with the 

non-intervention control as with the intervention groups.  The ongoing phone contact during the 

waiting period may have led to increased engagement, closer to that likely present in the 

intervention groups.  It is possible that participants would feel more comfortable with the assessor 

than if there had been no contact, and that this would support a good level of motivation during 

testing.   

Another difference between the small control sample in the pilot study and the waitlist 

group is that in the current study assessments were completed individually, rather than in a group.  

This method of data collection was more time-consuming, but was thought to be advantageous, as 

individual testing allows for greater control over the testing environment.  With an individual setting, 

the assessor is able to provide instructions and timing closely adhering to the testing script, without 

interruptions or cross-talk by any other participant.  Further, in a group setting, participants 

completing a response (e.g. for the prospective memory task) might inadvertently provide an 

additional cue for other participants.  Some individuals may also feel increased anxiety (especially at 

baseline) when tested in a group setting.  Participants might compare themselves to others, or fear 

doing the wrong thing and being embarrassed.  Lastly, individual testing in the current study allowed 

for oral responses, rather than written.  This removes any possible use of the writing process to 

support memory on tasks, such as working memory.  These factors may have impacted differentially 

on the results seen in the pilot and the current study, accounting for some of the differences 

observed. 
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Individual differences associated with benefit from Memory Tune 

It has been demonstrated that individuals vary greatly in the degree to which they benefit 

from memory training and that investigation of factors that relate to benefits might support the 

tailoring of programmes to those in most need of them (Bissig & Lustig, 2007; Calero & Navarro, 

2007).  Within the current study, correlational analyses were used to explore the relationship of 

demographic factors to change scores on the memory tasks.   

The impact of the number of years of education on change was of interest because this is 

frequently used as a proxy for Cognitive Reserve and is therefore conceptually linked to the 

maintenance of cognitive function for older adults.  Unexpectedly, years of education was not 

associated with either baseline or change scores on any task, although trends were found with two 

measures from the verbal and short-term memory tasks at baseline.  ACE-III scores were positively 

correlated with baseline scores on all tasks, except for short-term memory.  Although the ACE-III was 

used as a screening tool for possible undetected cognitive impairment, the correlations suggest that 

it does relate to the ability to perform the memory tasks used, related to cognitive functioning.  

However, ACE-III scores did not correlate with change scores on any measure.  It would be of 

interest to know if those in the “borderline” range (82-88) on the ACE-III showed any difference in 

change scores from those in the “normal” range.  For the current study, however, only three 

participants scored in the borderline range such that there was no way to meaningfully analyse this.  

Participants who withdrew from the study differed significantly from participants who 

completed testing, both in the number of prescription medicines they took (a proxy of general 

health) and in their baseline ACE-III scores. They did not differ, however, in age or years of 

education.  This suggests that those who completed the study were healthier and more high-

functioning at baseline than those who dropped out.  Only one of the eight participants cited a 

health difficulty when leaving the study, suggesting that general health did not pose a direct barrier 

to completion.  Given that Memory Tune (and Cognitive Stimulation) training was delivered in an 

independent self-help format, participants who were less cognitively able may have found engaging 
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with the modules more challenging, and possibly even aversive.  In a systematic review of cognitive 

training, Martin et al. (2011) noted that training effect sizes and transfer effects are smaller for 

groups with MCI than healthy older adults.  This may relate to a reduced ability to engage in training 

or that the neuropathology present affects neural plasticity such that gains are reduced.  

Given these findings, it was somewhat surprising that there was no relationship between 

ACE-III or years of education and improvement on any measure.  It may be that a relationship does 

exist but that is not linear.  Benefits may be less for those who are below the minimum level of 

functioning needed to engage with materials and make performance gains.  However, those who are 

already functioning at a very high level have little to gain from this training, or that measures will not 

be sensitive enough to detect improvement from a high baseline.  Another possibility is that 

Memory Tune (or other memory training) somehow increases the resilience of memory networks, 

but that this might only become evident as the networks become more taxed – either by increased 

ageing or through neuropathological processes. 

There is a great deal of interest in the literature in whether there is potential to deliver 

cognitive training to individuals with MCI, as a means of delaying possible progression to dementia 

(e.g. Gates et al., 2011; Lampit et al., 2015; Plassman et al., 2008).  Some studies have found that the 

potential benefits of memory training are greater for lower functioning individuals.  If lower 

cognitive functioning is a barrier to engaging with Memory Tune training, adaptations to reduce 

cognitive load may be needed to make training more accessible and to increase potential utility.  For 

example, additional support could be offered, and participants could be encouraged to complete 

training under optimal conditions (peak cognitive time of the day and a quiet environment without 

competing stimuli). 

 

Subjective reports of memory function 

The Everyday Memory Questionnaire – Revised (EMQ-R) was included to estimate 

participants’ sense of their memory change in daily life.  It was predicted that participants in both 
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active groups (but not the Waitlist group) would report reduced memory slips at post-intervention 

testing.  Results indicated that participants in all groups reported fewer memory slips at their second 

assessment than Baseline.   Interestingly, the Waitlist group did not differ from the active 

intervention groups.  Further, there was no difference when comparing reported memory slips 

before and after intervention for either group.  This suggests that there was no incremental gain in 

perceived benefit of completing an intervention over simply being enrolled in the study.   

Despite objective memory testing showing superiority for the Memory Tune intervention, 

subjective memory reports did not match this.  In fact, the Cognitive Stimulation group reported a 

greater reduction in memory slips after intervention than the Memory Tune group, but this 

difference was not significant.  Baseline scores on the EMQ-R did not correlate with baseline 

performance on any memory outcome measure or ACE-III score.  When looking at the relationship 

between change over time in objective and subjective memory scores, only the short-term memory 

task (total) was found to relate to the subjective memory.  For the Memory Tune group, greater 

reduction in subjective memory slips was associated with more improvement in task performance.  

No correlations were significant for the Cognitive Stimulation group.  It is notable that the one 

measure showing change positively associated with subjective memory rating change was one that 

appeared to show a training effect for Memory Tune. 

Subjective measures of memory function are commonly used in aging research and are 

thought to provide a broad impression of the generalisation of training benefits to participants’ 

ecological functioning (Zelinski, 2009).  It was predicted that participants in both active intervention 

groups (Memory Tune and Cognitive Stimulation), but not the Waitlist group, would report 

subjective improvement in memory function.  Results did not fit with this hypothesis.  Findings for 

the subjective memory measure, the EMQ-R, were striking in that the Waitlist group did not differ 

from the active interventions, with all groups reporting reduced memory failures over time.  Further, 

the main effect of time was not significant in the two group analysis, suggesting that the Waitlist 

group reported less improvement following an active intervention than they did following the 
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waiting period.  This may have been influenced by participants’ expectations to improve (Mohr et al., 

2009).  It is also possible that this one-off increase was due to participants experiencing decreased 

anxiety about their memory, simply by having joined a memory training study.  Previous research 

has found that the severity of subjective memory complaints is closely related to anxiety symptoms, 

but not to performance on objective memory measures (Derouesne, Lacomblez, Thibault, & 

LePoncin, 1999; Yates et al., 2015). 

Consistent with previous literature on subjective memory function reporting (Cavallini et al., 

2003; Mendes et al., 2008), the EMQ-R scores did not relate to any objective memory measure at 

baseline.  This makes some intuitive sense, as participants are likely to have differing sensitivity to 

memory slips depending on personality factors, current stressors, and comparison to previous 

memory function.  However, given the repeated measures design that measured change within 

subjects over time, it was thought that participants’ estimation of change might relate to changes in 

memory function.  In a meta-analysis, Kelly et al. (2014) found a significant improvement on 

subjective ratings of cognitive function following cognitive training.  However, this was in 

comparison with no intervention and was based on findings from only three studies, for two of 

which subjective memory was a secondary outcome of interest (Hastings & West, 2009; Fairchild & 

Scogin, 2010; Valentijn et al., 2005).  Measures used included self-report of memory self-efficacy, 

perception of and satisfaction with memory, and meta-memory.  In the current study, evidence of a 

relationship between subjective and objective memory improvement was found with only one 

measure.  These results suggest that the EMQ-R does not relate strongly to objective measures of 

current memory function.   

However, subjective measures of memory have been found to predict incipient dementia in 

some longitudinal follow-up studies (Reid & Maclullich, 2006; Rönnlund et al., 2005).  It has thus 

been suggested that subjective and objective predictors of dementia may both be valid measures of 

cognitive decline, but that they tap into different aspects of decline (Rönnlund et al., 2005).  These 

changes, however, will be over the course of years, in contrast to the brief duration of the present 
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study.  Much longer follow-up would be needed to detect possible protective effects of memory 

training (Kelly et al., 2014).  Thus, the utility of this measure in a brief study is not clear in objective 

terms, although it is suggestive of the extent of non-specific effects (e.g. expectations) of being a 

part of memory training for participants. 

 

Future directions 

Measuring the benefits of memory training.  The results suggest that Memory Tune training 

might hold some benefits for older adults’ memory.  The current study design would be improved 

with measures more sensitive to training effects in a population of healthy older adults, potentially 

also administering more than a single task within each memory subtype.  Improvement in multiple 

tasks would allow for a greater degree of confidence to infer improvement in the underlying 

memory construct.  More broadly, it is possible that the field of memory training might benefit from 

agreeing a range of standardised tests for studies of training effectiveness.  This could enable 

comparison (Karbach & Verhaeghen, 2014). 

Another pertinent issue is that of measuring generalisation.  The testing tasks of the current 

study measured the same memory subtypes trained in the experimental intervention and, as such, 

could be considered measures of “near transfer”.  For Memory Tune to be considered a useful 

intervention, a measure of generalisation to daily life must be included in future testing.  The 

subjective memory reporting (EMQ-R) did not appear to give a useful estimate of participants’ 

memory function in daily life.  Measuring the benefit of memory training that may be subtle in its 

effects in healthy adults is a difficult task, with no clear solution. 

Objective measures of Instrumental Activities of Daily Living scale (IADLs) have been used to 

estimate everyday functioning in this context (E. M. Zelinski, 2009).  Differential change in these 

measures over time would give an indication of generalisation of training benefits to real life.  

However, healthy older adults by definition do not have difficulties with IADLs, such that long-term 

follow-up would be needed to determine if any gains made in training are retained and lead to 
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functional benefits (e.g. Rebok et al., 2014; Willis et al., 2006).  This is consistent with the finding of 

no change on a measure of IADLs in healthy older adults, despite a robust training effect on 

measures of global cognition and memory (Lampit et al., 2014).  Further, IADLs are not strongly 

associated with age in the absence of pathology (Erzigkeit et al., 2001).  Thus, preserved IADLs in 

long term follow-up might measure an amelioration of the functional impact of pathological 

cognitive processes and not give a clear understanding of supporting memory function in normal 

healthy aging. 

Possible avenues of exploration might include adapting currently available naturalistic tasks 

that include a memory component with a clear theoretical link to trained memory subtypes.  For 

example, memory for locations (Cavallini et al., 2010), which would relate to non-verbal memory, or 

behavioural simulations with medication and phone books, which include a component of short-

term, working and verbal memory (Burton et al., 2006).  As with IADLs, older adults would be 

expected to perform well on such tests.  Therefore, adaptations would be needed to increase 

difficulty to a level where differences in efficiency would be detectable between trained and 

untrained participants.   

Maximising the effectiveness of training.  Meta-analyses have compared the benefits of 

cognitive training delivered in group versus self-help formats across studies.  These have suggested 

that group delivery is more effective than individual, home-based delivery (Kelly et al., 2014; Lampit 

et al., 2014).  In a direct comparison of memory strategies and practice delivered via a manual or a 

facilitated group, effectiveness was found to be equal on objective memory task performance 

(Hastings & West, 2009).  The group intervention was superior only in improving memory self-

efficacy in participants.  However, another study found a greater benefit for group training delivery 

on a verbal memory measure but individual training preferentially reduced memory-related anxiety 

(Valentijn et al., 2005).  Given the robust finding of superiority for group-based intervention at meta-

analysis level but inconsistent benefits within specific studies, it is possible the differences in delivery 

method are relatively small.  Furthermore, there are several other factors, such as the preferences, 
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variation in baseline functioning, time demands and accessibility of group locations that might vary 

across studies, making one or other form of delivery more efficacious.   

Group training has several potential advantages, such as adding a social aspect, increased 

motivation to remain engaged and easier availability of support for those struggling with aspects of 

the training.  Direct contact with facilitators might also provide opportunities for individualisation of 

training delivered, including tailored levels of difficulty, which might increase gains for those for 

whom the programme was too challenging or not challenging enough.  Coaching in the 

implementation of strategies might improve generalisation (Bissig & Lustig, 2007).  Thus, it is 

possible that the benefits of Memory Tune would be augmented by presenting training in a group 

format and this possibility could be explored in future research.  Group training might also make 

Memory Tune training more accessible to patients with MCI, as those with lower ACE-III scores in 

the current study were more likely to drop out, suggesting the need for additional support.  Indeed, 

long-term follow-up testing with a high risk population would enable exploration of any protective 

benefits of Memory Tune training against dementias (Lampit et al., 2014).   

Refinements to Memory Tune could be made by identifying those aspects of the programme 

that give the greatest benefit, although this can be difficult with an intervention with multiple 

targets and training methods (Karbach & Verhaeghen, 2014).  Future studies might explore what 

level of intensity, frequency and duration of training gives optimal benefit while still being logistically 

sustainable for participants.   

Training could be further enhanced by including an exercise session prior to memory 

content.   Fabel and Kempermann (2008) proposed a mechanism whereby neural plasticity is 

potentiated by physical activity, especially in the hippocampus.  This was based on reports in animal 

studies of neurogenesis (Kronenberg et al., 2003) and increased BDNF (Zheng et al., 2006) in the 

adult hippocampus associated with physical exercise.  Subsequent studies have supported these 

links in aged animals (Siette et al., 2013) and increased cardiovascular fitness has been associated 

with increased BDNF in humans (Erickson et al., 2011).  Although studies of combined physical and 
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cognitive exercise have not robustly out-performed cognitive training alone (Zhu et al., 2016), it has 

been suggested that participants may be exhausted by the additional hours involved in combined 

intervention (Suo et al., 2016).  Thus, there may be potential for this combination to optimise gains 

from memory training, possibly following titration of the intensity and duration. 

In addition to finding the most helpful aspects of intervention, it would be useful to identify 

the individuals who have the most to gain from memory training.  For example, participants’ levels 

of activity prior to intervention may be a predictor of the potential training benefit.  Those who have 

a low level of activity might stand to gain more from training.  An estimate of activity levels should 

therefore be included in future studies to test this hypothesis.  Although Waitlist participants in the 

current study were asked to log activity for two of the seven weeks of waiting, this was designed as a 

task to maintain participants’ engagement.  Thus, the responses were not suitable for analysis.   

Participants were asked to estimate the hours they spent on the modules, which was 

intended to provide some indication of their level of engagement in the training process.  This is 

valuable information, as participants who are not engaged would be likely to see little benefit, even 

if training has the potential to be effective.  Possible ways to more directly assess engagement could 

include subjective reports made after each module and/or embedded measures of task engagement 

to complete. 

A limitation of the measures is the use of a single task per memory type.  This was done to 

enable measurement of all targeted memory types while keeping the duration of testing tolerable 

for participants.  Thus, it is possible that participants might have made gains in verbal, prospective, 

or face memory that were not detected with the current battery of tests.  However, results do not 

currently suggest that such improvements occurred.  Further investigation does appear to be 

warranted.  Should further tests be included, omnibus comparisons should be done using composite 

scores for each memory type to provide a more robust measure and avoid an inflated possibility of 

false-positives due to additional comparisons. 

 



DISCUSSION  114 
 

 

Conclusions 

Overall, results suggest that Memory Tune training has a small, positive effect on non-verbal 

and working memory, and to some extent short-term memory, immediately following training.  

These results are largely consistent with previous studies, showing small training effect sizes in some 

memory sub-types.  No comment can be made as yet about the durability of effects or potential 

transfer of these benefits to other tasks.  Importantly, observed benefits of targeted memory 

training were significant compared with a matched active control and therefore cannot be explained 

solely by subject-expectancy effects or the general cognitive stimulation associated with training.  

Further research is warranted to investigate potential alterations, such as group delivery.  
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Appendices 

Appendix A: Example of a typical module from the Cognitive Stimulation condition (Module 5) 
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Appendix B:  Everyday Memory Questionnaire – Revised (EMQ-R) (Royle & Lincoln, 2008) 
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Appendix C: Brief Screening Questionnaire used to assess eligibility by phone 

 

Brief Screening Call for Potential Participants 

 

1. Is your age between 65 and 80? 

2. Do you live in Auckland? 

3. Are you living independently? 

4. Because of the nature of this study, there are some health requirements for participants. 

Have you ever had any of these events? 

a. Stroke  

b. Brain tumour 

c. Head injury  

(If “yes” to any of the above, say:  Can you please tell me more about that?) 

d. Received a neurological diagnosis such as Parkinson’s, Multiple Sclerosis, dementia. 

(If “yes” say:  Can you please tell me more about that?) 
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Just remember, once you're over the hill  

you begin to pick up speed. 

 – Arthur Schopenhauer 
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