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ABSTRACT OF THE DISSERTATION 

HOME-BASED, SELF-ADMINISTERED DYADIC COGNITIVE TRAINING FOR 

HEALTHY OLDER ADULTS: FEASIBILITY STUDY 

 by 

Natalia Shtompel 

Florida International University, 2016 

Miami, Florida 

Professor Barbara Thomlison, Major Professor 

The negative effects of cognitive decline and impairment can be devastating for older 

adults and their families, and extremely costly for the healthcare system and the society. 

Cognitive training aims to maintain or improve cognition by utilizing repetitive tasks that 

target specific cognitive skills. The majority of cognitive training studies in healthy older 

adults involved home-based, individual, computerized approach or onsite, group, paper-

and-pencil format. These approaches may not be suitable for individuals with serious 

health or mobility issues, caregiving responsibilities, limited transportation, or limited 

computer or internet access. A novel, home-based, self-administered cognitive training 

intervention was developed to address these barriers. It involves two older adults taking 

turns to administer paper-and-pencil tasks to one another. The purpose of the study was 

to evaluate feasibility and participant acceptability of this novel approach to cognitive 

training. Eighteen participants (9 dyads) 65-91 years (M = 75.94, SD = 7.66) underwent 

assessment and began intervention. Assessment included measures of cognitive skills and 

self-reported quality of life, health status, and daily functioning. Four dyads were married 

couples who had sessions at home. Other dyads met at various public locations and 
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included friends, neighbors, or unfamiliar older adults connected by the researcher. 

Fourteen participants (7 dyads) completed cognitive training intervention that included 9-

24 sessions (M = 15.14, SD = 5.30) over 4-21 weeks (M = 12.21, SD = 5.44), post-

intervention assessment, and detailed interviews. Quantitative data demonstrated that the 

sample did not decline on any cognitive measures and exhibited improvement on 

visuospatial skills and delayed visual memory (Cohen’s d = .67 & -1.10). Additional 

analyses revealed that the results were mainly attributable to improvement in females 

(Cohen’s d = -1.84 & -1.35), who demonstrated weaknesses in these cognitive skills at 

baseline. The participants reported that the dyadic approach was flexible, convenient, and 

enjoyable. They also provided valuable feedback and suggestions for modifying the 

content and other aspects of the intervention. The findings suggest that dyadic cognitive 

training is feasible and well-received by older adults. Those with weaknesses in cognitive 

domains may show larger gains in respective domains and benefit most from cognitive 

training.  
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I. INTRODUCTION  

With increases in life expectancy, the proportion of older adults in the US 

continues to grow (Administration on Aging, 2016). Cognitive decline has become an 

important area of concern in gerontology, along with physical illnesses and mental health 

issues (National Institute on Aging, 2009). The general public is concerned about their 

cognitive health (Connel, Roberts, & McLaughlin, 2007), and older adults view cognitive 

vitality as an important part of successful aging (Laditka et al., 2009). Cognitive 

stimulation has been found to reduce the risk of cognitive decline, in addition to physical 

activity, social engagement, and healthy lifestyle (Baumgart et al., 2015). In line with 

these findings, a number of cognitive training approaches have been evaluated, although 

this area of research is still relatively sparse.  

Technology industry has responded to the potential benefits of increased mental 

stimulation by developing commercial computerized programs to train memory and other 

cognitive skills (Lampit, Valenzuela, & Gates, 2015). Exaggerated claims lacking 

empirical support with regard to efficacy of these computer programs (Stanford Center on 

Longevity, 2014) have led to a deceptive advertising lawsuit against one of the most 

popular brain games platform, which was settled (Federal Trade Commission, 2016). 

Although the results of computerized approaches to cognitive training have been 

promising (see meta-analysis by Lampit, Hallock, & Valenzuela, 2014), such format of 

intervention delivery may not be suitable for older adults who have limited access to 

computer and/or internet or are uncomfortable using it, or simply prefer using paper and 

pencil format. A number of group paper-and-pencil cognitive training programs 

facilitated by trained professionals onsite have also demonstrated promising results with 
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long-lasting effects (e.g., Rebok et al., 2014), but it is not clear how these laboratory-

based programs can be translated into community services. There is a need to develop 

and evaluate paper-and-pencil cognitive engagement programs that are low-cost, flexible, 

and that can be easily implemented in community settings. Such programs may be 

included in existing community services along with physical fitness and recreational 

activities, with the goal of incorporating cognitive health into the overall model of 

promoting general health, well-being, and successful aging. The present study is a 

preliminary trial evaluating feasibility and participant acceptability of a novel, flexible, 

self-administered, dyadic cognitive stimulation program for community-dwelling older 

adults without Mild Cognitive Impairment (MCI) or dementia. 

II. BACKGROUND 

Age-Related Cognitive Decline 

In the American Psychological Association (APA) guidelines for evaluating 

dementia and cognitive decline, age-related cognitive decline (also referred to as natural 

or normal cognitive decline) is described as an expected degree of decay in cognitive 

efficiency (APA, 2011). It is considered to be a natural consequence of aging processes, 

as it is “usually not pathological, but rather parallels a number of common diseases in 

physiological function that occur in conjunction with normal developmental process” 

(para. 4).  

Age-related cognitive decline is differentiated from pathological forms of 

cognitive changes caused by Alzheimer's disease and other dementias, as well as from 

MCI, a pre-clinical stage of dementia (APA, 2011). However, normal cognitive decline 

has been found to be associated with an increased risk of developing cognitive 
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impairment and dementia, which suggests that normal cognitive decline and cognitive 

impairment are distinct yet related phenomena (Plassman, Williams, Burke, Holsinger, & 

Benjamin, 2010; Schaie, Willis, & Caskie, 2004). According to brain imaging studies, 

natural cognitive decline is associated with white matter hyperintensities (Wakefield et 

al., 2010), decreased cerebral perfusion (blood flow) in certain areas of the brain (Chao & 

Weiner, 2010), and reduced lateral frontal grey matter volume and frontal cortical 

thickness (Gautam, Cherbuin, Sachdev, Wen, & Anstey, 2011). In addition, animal 

models and human studies have shown that increased inflammation and activation in 

microglia can lead to impaired regulatory systems, causing cognitive and depressive 

symptoms. Despite these findings, the mechanisms underlying age-related cognitive 

decline remain unclear (Norden & Godbout, 2013).  

Specific statistics with regard to the incidence and prevalence of age-related 

cognitive decline are unavailable, but the literature indicates that the vast majority of 

older adults demonstrate some decline in cognitive functions, and the risk of cognitive 

decline increases with age. Fortunately, cognitive decline in healthy older adults is not 

inevitable, as some older individuals continue to exhibit cognitive vitality well into old 

age (Park, O'Connell, & Thomson, 2003). A number of older adults over the age of 80 

(sometimes referred to as Super-Agers), not only perform comparably to those aged 50-

65 years, but also tend to have higher cortical volume and less cortical atrophy compared 

to their peers with normal cognitive decline (Harrison, Weintraub, Mesulam, & Rogalski, 

2012). Additionally, studies of centenarians have shown that the majority of older adults 

in their late 90s and 100s still reside in the community, have few cognitive limitations, 

and report low depression/psychological distress rates and high life satisfaction (e.g., 
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Jopp, Park, Lehrfeld, & Paggi, 2016; Sachdev et al., 2013). Such findings point to the 

possibility of maintaining or improving cognition with age through preventative and 

intervention efforts. 

In terms of its onset and progression, longitudinal data largely demonstrate that 

age-related cognitive decline occurs after the age of 60 years (see review by Hedden & 

Gabrieli, 2004), with some evidence pointing to cognitive decline in individuals in their 

40s and 50s (Singh-Manoux et al., 2012). Cross-sectional studies reveal more linear, life-

long declines in cognitive functions (Hedden & Gabrieli, 2004), which, however, are 

likely influenced by cohort and educational differences (Hedden & Gabrieli, 2004; Singh-

Manoux et al., 2012; Zelinski, Dalton, & Hindin, 2011). It has also been found that 

cognitive decline accelerates with age (e.g., Singh-Manoux et al., 2012). It should be 

noted that heterogeneity of definitions, measures, samples, and other methodological 

factors among studies, individual differences in cognitive decline, as well as the 

complexity of the underlying age- and disease-related neurobiochemical changes make it 

difficult to quantify the rate of cognitive decline and differentiate between age-related 

cognitive decline and early stages of pathological cognitive decline (Park et al., 2003; 

Raz & Lindenberger, 2011; Schaie, Willis, & Caskie, 2004).  

There is, however, evidence showing that some cognitive functions are more 

prone to age-related decline than others. According to Kramer & Willis (2002), fluid 

abilities, which refer to process-based skills involving immediate tasks at hand, are more 

likely to decline with age compared to crystallized abilities, or knowledge-based skills 

that rely on previously learned information. The distinction between fluid and crystallized 

abilities is important because individuals typically rely on their fluid skills in their daily 
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activities, and these are the skills that tend to decline with age. Fluid abilities include 

working memory, attention, reasoning, and visuospatial skills (Hedden & Gabrieli, 2004; 

Kramer & Willis, 2002). The speed of information processing and reaction time also 

decrease with age, as well as executive control or executive functioning processes which 

include response inhibition, planning, organization, and shifting mental sets (Zelinski et 

al., 2011). On the other hand, such knowledge-based skills as language and vocabulary, 

and semantic and autobiographic memory remain relatively intact in older age (Hedden & 

Gabrieli, 2004; Kramer & Willis, 2002). With regard to subjective complaints, older 

individuals with age-related cognitive decline typically report memory problems 

including difficulty remembering names, conversations, things to do, and finding words 

(“tip of the tongue”). Some research suggests that memory problems are generally due to 

information encoding (rather than retrieval) failures and can largely be attributed to, and 

are preceded by decline in executive functions (Carlson, Xue, Zhou, & Fried, 2009). Of 

note, deficits in sensory perception and depressive symptoms may affect cognition in 

older individuals and thus, need to be considered when assessing cognitive status in this 

population (Blazer, 2009; Zelinski et al, 2011). 

Negative effects. Cognitive decline has been linked to a range of negative effects 

in older adults. However, the implications of age-related cognitive decline are not limited 

to older adults who are experiencing cognitive decay. Caregivers, healthcare system, 

economy, and consequently, the society at large are affected by age-related cognitive 

decline. 

Individuals and families. According to Zelinksi and co-authors (2011), declines 

in executive functions, attention, working memory, and processing speed may affect older 
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adults’ judgment, ability to solve problems, orientation, remembering information and 

future tasks, and reacting to stimuli. In their turn, these deficits may translate into 

difficulties in older adults’ lives. For instance, it has been found that cognitive decline 

may affect healthy older adults' driving skills, which may impact their safety, health, and 

independence, as well as ability to attend doctors' appointments and engage in leisure and 

other activities (Kowalski et al., 2011; McKnight & McKnight, 1999).  

Falls with subsequent injuries and disability is another serious safety issue in the 

aging population. Herman, Mirelman, Giladi, Schweiger, & Hausdorff (2010) found that 

poorer executive functioning skills were related to higher risk of future falling in healthy 

older adults. Muir, Gopaul, & Montero Odasso (2012) performed a meta-analysis of 

multiple studies on fall risk and found that global cognitive status was related to serious 

injury due to a fall, and deficits in executive functions were strongly associated with an 

increased fall risk in non-demented adults 60 years old and older. Moreover, in their 

prospective study, Boyle and colleagues (2012) found that cognitive decline led to poor 

decision making and increased susceptibility to scams in healthy older adults. 

In addition to an increased risk of driving accidents and falls and poor decision-

making, age-related cognitive decline has been linked to problems in performing 

activities of daily living (ADLs). For instance, Montejo, Montenegro, Fernandez, & 

Maestu (2012) found that participants who reported memory problems were more likely 

to have trouble using telephone, managing medications, and participating in social 

activities (N = 1637). Tabbarah, Crimmins, & Seeman (2002) found that in their sample 

of 1189 healthy adults aged 70-79 years, cognitive decline was associated with a 

decreased ability to perform routine and novel physical tasks, such as signing one's name 
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or standing on one leg. Infurna, Gerstorf, Ryan, & Smith (2011) evaluated a sample of 

6,990 70-95 year olds and found that memory problems predicted functional limitations 

in older adults in such tasks as shopping, cooking, walking, and lifting/picking up 

objects. Overall, executive functions seem to have the strongest association with 

functional limitations and disability in older adults compared to other cognitive skills, 

particularly when it comes to more complex, instrumental activities of daily living 

(IADLs; Royall et al., 2007). The link between performance of IADLs and cognition is 

bidirectional, as illustrated by the finding that decline in IADLs may be an early marker 

of dementia (Castilla-Rilo et al., 2007), up to 10 years before clinical diagnosis (Pérès et 

al., 2008).  

Performance of ADLs is not only linked to cognition, but also to depression in 

older adults. Moreover, the relationship between cognitive functioning and depression 

also appears to be bidirectional. Longitudinal research shows that problems in ADLs may 

lead to late-onset depression or exacerbate existing depressive symptoms (Yang & 

George, 2005). In its turn, depression has been found to be a risk factor for cognitive 

decline and dementia, in addition to a wide range of health problems, disability,  

mortality, and poor illness recovery (Barry, Murphy, & Gill, 2011; Blazer, 2009; Emery, 

2011). Thus, age-related cognitive decline may indirectly affect emotional and health 

status in older individuals.  

Given the impact of cognitive decline on older persons' daily lives, the finding 

that it also affects their well-being is not surprising. For example, subjective memory 

complaints were linked with lower quality of life in healthy older adults in some studies 

(e.g., Montejo et al., 2012; Pusswald et al., 2015), and cognitive functioning was related 
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to overall well-being (Jones, Rapport, Hanks, Lichtenberg, & Telmet, 2003). Moreover, 

Calero and Navarro (2011) found that cognitive functioning may be a stronger predictor 

of well-being and independence in older adults compared to age.  

Since cognitive decline may reduce older adults' ability to perform routine daily 

activities and limit their independence, it may also affect their caregivers' quality of life. 

Spouses, children, and other family members of older adults with cognitive decline may 

experience increased stress and emotional and financial difficulties (Infurna et al., 2011). 

They may be required to become more involved with older persons' care and take time 

from work or other tasks in order to assist their loved ones. As a result, family members’ 

quality of life may be compromised, since amount of time caregiving is related to 

caregiver burden, which in turn affects caregiver well-being (Chappell & Reid, 2002).  

Healthcare system and the society. Collectively, individual and caregiver bio-

psycho-social factors translate into increased costs for healthcare and community services 

and the economy at large, ultimately resulting in higher burden on the society. Older 

adults with cognitive decline may have to retire earlier and may need more community 

resources such as nutrition and transportation services. In addition, they may require 

high-cost healthcare services due to falls, injuries, accidents, or medication 

mismanagement (Infurna et al., 2011; Park et al., 2003). As an example, the National 

Center for Injury Prevention and Control, Centers for Disease Control and Prevention 

(2014) estimates that total medical expenditures for older adults’ fall injuries were 30 

billion in 2010. As for driving accidents and susceptibility to scams, data show an 

increase in liability and collision claims for adults over the age of 65 years (Insurance 

Institute for Highway Safety, 2014), and an estimated 2.9 billion in annual cost of 
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financial abuse of seniors (MetLife Mature Market Institute, 2011). The finding that 

difficulties in ADLs may contribute to depression (Yang & George, 2005) is also relevant 

here since older adults with depressive symptoms utilize about 50% more healthcare 

services of all types compared to non-depressed older patients (Katon, Lin, Russo, & 

Unützer, 2003). Thus, maintaining cognitive functioning or delaying the onset of 

cognitive decline among older individuals may translate into reduced economic and 

healthcare costs.  

Risk and protective factors. As previously discussed, age-related cognitive 

decline is not inevitable, as there is evidence showing that some older adults demonstrate 

minimal cognitive decline well into later stages of their lives (National Institute on Aging, 

2009; Park et al., 2003). These findings, combined with the negative effects of cognitive 

decline have fueled research examining risk and protective factors for cognitive decline 

in older adults that could point to potential interventions. For instance, there is evidence 

that involvement in such activities as volunteering, recreation/sports, gardening and other 

domestic chores predicts stronger cognitive abilities with age (Newson & Kemps, 2005). 

Similarly, higher social integration and social engagement was found to contribute to 

better cognitive outcomes in older people (Zunzunegui, Alvarado, Del Ser, & Otero, 

2003). Observational longitudinal studies have shown that healthy lifestyle (healthy diet 

and exercise), as well as engaging in cognitively stimulating tasks also contribute to 

cognitive fitness in this population (see reviews by Baumgart et al., 2015; Plassman et al., 

2010). At the same time, early retirement has a negative impact on cognitive functioning 

among older adults, likely due to reduced mental stimulation (Rohwedder & Willis, 

2010). Among the risk factors for cognitive decline in older adults without MCI or 
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dementia are also tobacco use, diabetes, metabolic syndrome, obesity, and depression. 

Although there is a genetic risk factor (apolipoprotein E e4 genotype), it plays a relatively 

small role compared to modifiable, lifestyle risk factors for cognitive decline (Baumgart 

et al., 2015; Plassman et al., 2010). Interestingly, no association was found between 

cognition and supplements such as vitamins B, C, and E, beta-carotene, folate, and 

Ginkgo biloba, or medications for high blood pressure, Statins, gonadal steroids, non-

steroidal anti-inflammatory drugs, or cholinesterase inhibitors (Plassman et al., 2010). 

A number of studies have evaluated various interventions for age-related 

cognitive decline. Non-pharmacological interventions typically involve physical exercise 

or cognitive training programs, or a combination of both. There is some evidence that 

physical exercise interventions are effective in improving cognition in older adults, 

although the gains tend to be limited to specific domains, particularly executive 

functions, attention, and processing speed. The type and duration of intervention, 

duration of sessions, and some demographic factors may mediate efficacy of physical 

fitness interventions (see meta-analyses by Angevaren, Aufdemkampe, Verhaar, Aleman 

& Vanhees, 2008; Colcombe & Kramer, 2003). The following section focuses on the 

other type of non-pharmacological intervention for cognitive decline, cognitive training. 

Cognitive Training 

Cognitive training aims to maintain or improve cognitive functioning and 

involves repeated practice of standardized tasks that target specific cognitive domains 

(Gates, Sachdev, Singh, & Valenzuela, 2011). In healthy older adults, the ultimate goal of 

cognitive training is to maintain performance of ADLs and IADLs by addressing age-

related cognitive decline (Ball, Ross, Roth, & Edwards, 2013). Cognitive training may 
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utilize restorative approach, compensatory approach, or a combination of both. 

Restorative training aims to improve cognitive abilities and typically includes systematic 

exercises that target narrow cognitive skills (Kurz, Leucht, & Lautenschlager, 2011; NIH, 

1998). For example, individuals with a processing speed deficit may practice simple 

visual search task that requires finding a specific symbol among other symbols as fast as 

possible. On the other hand, compensatory cognitive training focuses on helping 

individuals adapt to their cognitive deficits and utilize their strengths, as they learn 

various techniques and strategies to approach cognitive tasks and practice the use of 

external aides to improve cognitive efficiency (Kurz, et al., 2011; NIH, 1998). Examples 

of the compensatory approach include using associative memory to pair names with faces 

in order to remember them, or writing things to do on post-it notes (Rebok, Parisi, Gross, 

& Spira, 2010). In both restorative and compensatory training, exercises and activities 

may be presented verbally or visually, and be paper and pencil-based or computer-based. 

Training may target a single or multiple cognitive functions, occur in group or individual 

settings, and be self-administered or facilitated by a trained professional (NIH, 1998; 

Williams & Kemper, 2010). 

Initially developed for patients with traumatic brain injury, where it is typically 

referred to as cognitive rehabilitation (National Institutes of Health [NIH], 1998), 

cognitive training interventions have become increasingly used in other populations, 

including patients with multiple sclerosis, stroke, Parkinson’s disease, and schizophrenia. 

Additionally, cognitive training interventions have been employed in many studies 

targeting individuals with MCI and dementia. According to Kurz, Leucht, and 

Lautenschlager (2011), this line of research is important because medications targeting 
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cognitive decline in patients with MCI or dementia may have detrimental side-effects, as 

well as side-effects caused by interaction with other drugs. The authors performed a 

systematic review of experimental studies on cognitive training in MCI and dementia and 

found that the results have been inconsistent. Overall, cognitive training yielded only 

modest gains in cognitive functions, which, however, were comparable to the efficacy of 

pharmacological interventions. Importantly, several studies revealed that cognitive 

training delayed the onset of cognitive deterioration, improved performance of daily 

activities, and enhanced the MCI and dementia patients’ ability to attain their personal 

goals (Kurz et al., 2011). Another systematic review of cognitive interventions for 

cognitive decline by Gates et al. (2011) focused on MCI patients only and found that 

there were moderate-to-large effects on memory outcomes in this population. The authors 

found that administering cognitive exercises to individuals with MCI led to better results 

on memory domains than teaching them memory strategies, suggesting that restorative 

cognitive training may be more beneficial in this population compared to compensatory 

cognitive training (Gates et al., 2011). Since the population of interest in the present study 

is cognitively healthy older adults, the following sections focus on theories of non-

pathological cognitive aging and the mechanisms behind cognitive training, as well as 

existing studies on cognitive training in older adults without MCI or dementia. 

Theoretical frameworks. 

Psychosocial frameworks. Among the psychosocial theories relevant to cognitive 

aging is the classic social theory of Disengagement, which postulates that as people age, 

they face gradual separation from the society due to inevitable and irreversible decrease 

in involvement in work force, family, and social life (Perzynski, 2006). It can be inferred 



 

 

13 
 

that older individuals’ cognitive decline is a part of overall decline in their professional 

and social roles. The disengagement theory has been criticized for its overly generalized 

and pessimistic view of seniors. It has been refuted by numerous studies on successful 

aging and is generally considered outdated (Perzynski, 2006). 

A more current sociological framework, Life Course Perspective, takes into 

account the effects of cultural and societal factors (institutions, shared life experiences, 

behaviors and attitudes etc.) on the lives of groups or cohorts of individuals. In the light 

of epidemiological studies on aging, life course theory provides a framework for 

understanding the cumulative effects of educational opportunities, income, social 

engagement, and physical environment on individuals’ health outcomes, including 

cognitive functioning in later life (Health and the Life Course, 2001). Specifically, certain 

lifestyle and health variables linked to cognitive decline such as diet, exercise, cognitive 

stimulation, tobacco use, diabetes, metabolic issues, and depression (Baumgart et al., 

2015; Plassman et al., 2010) may be related to individuals’ socio-economic situation, 

which points to the importance of broad, systems-based interventions (Glymour, 2011).  

Cognitive frameworks. The Disuse theory of cognitive aging, also referred to as 

“use it or lose it” perspective, parallels the disengagement theory of aging. According to 

the disuse theory, older adults perform increasingly worse on fluid-based tasks because 

older adults decrease the use of their fluid cognitive skills with age and thus, lack recent 

experience in this domain (Salthouse, 1999). Because the disuse theory is difficult to test 

experimentally, there is little evidence supporting it (Park & Bischof, 2013). However, 

this theory appears plausible and is quite popular among clinicians and the general public 

(Salthouse, 1999). Moreover, the results of a longitudinal study on retirement and 
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cognitive decline across 13 Westernized countries (including the US) by Rohwedder and 

Willis (2010) suggest that there is a causal relationship between early retirement and 

cognitive decline in older adults. The authors believe that major lifestyle changes 

associated with retirement, including reduced cognitive stimulation lead to an increased 

risk of age-related cognitive decline (Rohwedder & Willis, 2010). 

Another view on cognitive decline in older adults is the Specific-Deficit 

Hypothesis, which holds that age-related cognitive decline occurs due to diminished 

efficiency and effectiveness of core processing operations or components that play a role 

in virtually all cognitive tasks (Salthouse, 1999). Specifically, decline in such cognitive 

skills as automatic or controlled attention, encoding, and working memory contributes to 

weaknesses in other fluid (process-based) skills, which are consequently prone to decay 

with age (Salthouse, 1999). This theory seems plausible in the context of research 

showing that fluid cognitive skills tend to decline in older adults, as opposed to 

crystallized (knowledge-based) abilities that are relatively stable (Kramer & Willis, 

2002). Even though there is some research supporting the specific-deficit hypothesis, it 

fails to describe how and why the observed weakening in the processing operations takes 

place with age (Salthouse, 1999). 

Neurophysiological frameworks. A neurophysiological theory that helps explain 

the mechanisms behind age-related decline in fluid abilities is the Prefrontal Cortex 

Function Theory (West, 1996). According to this view, cognitive decline occurs due to 

structural and functional changes in the prefrontal cortex, a region of the brain linked to 

fluid abilities and executive functions. Among the changes in the prefrontal cortex is 

volume reduction, which occurs earlier and is more pronounced in prefrontal cortex than 
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other regions of the brain. Specifically, a volume reduction of 10-17 percent is observed 

in the prefrontal cortex between ages 50-70 years, while the volume is reduced by only 

about one percent in other cortical regions of the aging brain. This volume reduction in 

prefrontal cortex is attributed to decreased size of individual neurons due to the loss of 

dendrite extensions, rather than actual neuronal loss.  Atrophy in neuronal dendrites leads 

to reduced synaptic activity among neurons, resulting in decreased brain connectivity and 

efficiency (West, 1996). 

West (1996) explains that in addition to volume reduction, there are declines in 

the concentration of some neurotransmitters (i.e., dopamine, norepinephrine, and 

serotonin) and their receptor sites, as well as decreased oxygen utilization, all of which 

are more pronounced in the prefrontal cortex. These findings suggest that prefrontal 

cortex is more vulnerable to age-related brain changes and the declines in fluid abilities 

result from structural and neurochemical changes in this region of the brain (West, 1996). 

A related concept describing the progression of brain changes is referred to as “last in, 

first out,” the idea that the circuitry that is last to undergo myelination during childhood 

and adolescence (prefrontal cortex) is the first one to exhibit deterioration (Reuter-Lorenz 

& Park, 2010). 

According to Reuter-Lorenz & Park (2010), neuroimaging studies have provided 

evidence for a range of differences between younger and older adults’ brain functioning. 

For instance, older adults display overactivation in brain regions directly and indirectly 

involved during specific tasks. One explanation for this phenomenon is that older adults 

compensate for weaker skills by increased activation of the related region and/or by 

involving other regions, regardless of whether this compensation improves actual 
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performance. Prefrontal compensation is commonly observed in older individuals, which 

seems paradoxical as frontal regions are more susceptible to age-related atrophy. A 

related concept of ‘dedifferentiation” has emerged from the finding that older adults 

demonstrate loss in regional specificity when performing certain tasks. Compensation-

Related Utilization of Neural Circuits Hypothesis (CRUNCH) is a theory explaining 

overactivation and compensation in older adults. According to this hypothesis, older 

adults utilize extra circuits on easier tasks where younger adults’ activation is more focal; 

however, with more difficult tasks, older adults show underactivation as they already 

used up their neural resources, whereas younger adults increase their brain activation 

(Reuter-Lorenz & Park, 2010). 

Scaffolding Theory of Aging and Cognition (STAC) provides a broader view of 

the age-related brain changes. According to this theory, the brain responds to various 

alterations in its structure and function by “scaffolding” alternative neural circuits, which 

allows healthy older individuals maintain high level of cognition that is sufficient to 

support their daily activities (Reuter-Lorenz & Park, 2010). The efficacy of scaffolding 

mediates the brain’s response to neural atrophy and may be affected by physical health, 

cognitive stimulation, and new learning. An important aspect of STAC is that scaffolding 

is acquired throughout lifespan in response to stress and other challenges to which the 

brain has to adapt. As a result, an individual’s scaffolding trends in older age may be a 

reflection of lifelong adaptation mechanisms (Reuter-Lorenz & Park, 2010).  

Neuroplasticity is a related concept which provides a general framework for 

explaining structural and functional brain changes due to experience, including cognitive 

training. According to Slagter, Davidson, and Lutz (2011), it has become widely accepted 
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in the medical and neuroscientific community that human brain is plastic and is able to 

reorganize, rebuild, or create new neuronal circuits. Brain plasticity is an “intrinsic 

property of the nervous system retained throughout lifespan and the obligatory 

consequence of all neural activity, including mental practice” (p. 1). Adult brain, 

including the aging brain, can undergo changes in its function and structure as a result of 

experience and/or environment, and not only sensory input and physical acts, but also 

each thought process may contribute to changes in brain circuitry underlying complex 

mental processes. Importantly, these changes may occur as a result of both long-term 

exposure to stimuli and a relatively short-term practice (Slagter et al., 2011).  

Unfortunately, the vast majority of cognitive training RCTs (reviewed in the 

Previous Studies section) lack neuroimaging data to supplement their cognitive test 

findings. However, several studies provide initial evidence for neurophysiological 

changes following cognitive training interventions that align with the concept of 

neuroplasticity and the STAC theory (Park & Bischof, 2013). For instance, some findings 

point to changes in brain activation after cognitive training. Brehmer et al. (2011) 

employed 5-week computerized training of working memory in a sample of 23 older 

adults (60-70 years old). Intervention group received high intensity working memory 

training that adjusted its difficulty to each individual’s performance, while the active 

control group received the same working memory training but at low intensity. Both 

groups demonstrated decreased levels of activation during working memory tasks in 

frontal, parietal, and occipital cortical brain regions after the training; however, this was 

more pronounced in the intervention group. Additionally, increases in activation of 

certain subcortical regions were observed post-intervention, where larger increases were 
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associated with larger gains on cognition tests. The unique design of the study, where the 

same intervention with high and low levels of intensity was introduced to two groups, 

provides evidence of dose-response relationship, since higher “dosage” of intervention 

led to larger changes in brain activation. The authors (Brehmer et al., 2011) suggest that 

older adults’ decreased brain activation was due to lower levels of effort and attention 

required for completion of tasks, pointing to increased cognitive efficiency. 

Another study (Carlson et al., 2009) highlighted the benefits of increased 

engagement among a sample of 17 older adults with low education and low overall 

cognitive status. Eight of the older adults participated in a volunteer social service 

program at elementary schools, and nine were in the wait-list control group. The results 

revealed that the intervention group had increases in activation of prefrontal cortex and 

anterior cingulate cortex, which was accompanied by gains in executive control 

(inhibition). These imaging results show that not only targeted cognitive training, but also 

increased general mental stimulation may lead to neurological brain changes through 

neuroplasticity. The findings also provide support for the existing body of literature that 

links social engagement with lower risk of age-related cognitive decline (e.g., Rohwedder 

& Willis, 2010). 

There is also evidence of slowed volume reduction following cognitive training. 

Lövdén et al. (2012) employed training of visuo-spatial ability in a sample of 47 older 

men aged 60-70 years and 44 younger men aged 20-30 years. During the 4-month 

training, the intervention group was exposed to navigation training on screen while 

walking on a treadmill, while the frequency and duration-matched control group engaged 

in walking on the treadmill without the navigation tasks. After the training, both younger 
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and older adults in the control group exhibited expected levels of hippocampal volume 

reduction, while younger and older adults in the intervention group showed no decline in 

their hippocampal volume. The same pattern was observed at the 4-month follow-up 

(Lövdén et al., 2012). Although few studies on cognitive engagament incorporated 

neuroimaging findings, emerging data support the hypothesis that improvements in 

cognition may stem from underlying changes in the cortex. Long-term cognitive training 

interventions are reviewed in the following section. 

Previous studies on cognitive training. A number of quasi-experimental studies 

and randomized controlled trials (RCTs) on cognitive training in healthy older adults 

have been conducted to date. Existing quasi-experiments typically employed various 

strategies to improve memory in healthy older adults including collaboration with others 

(Henkel & Rajaram, 2011), method of loci and strategic training (Cavallini, Pagnin, & 

Vecchi, 2003), self-referencing and other-referencing, semantic encoding and structural 

encoding (Hamami, Serbun, & Gutchess, 2011). The results demonstrated that these 

strategies were somewhat beneficial in improving recall in healthy older adults, who were 

able to benefit from the use of memory techniques comparably with younger adults. 

These studies indicate that compensatory strategies can enhance verbal memory 

performance in older adults, which is central to their daily functioning and is among the 

functions most vulnerable to cognitive decline (Park et al., 2003; Schaie et al., 2004).  

Randomized controlled trials. Several RCTs targeting age-related cognitive 

decline have yielded promising results. The largest paper-and-pencil RCT with the 

longest follow-up period to date, was a 2006 multi-site ACTIVE (Advanced Cognitive 

Training for Independent and Vital Elderly; Willis et al., 2006). A diverse sample of 2,802 
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healthy adults 65 years of age and older living independently in Pennsylvania were 

recruited from community and clinical settings. Eligible participants were randomly 

assigned to one of the three intervention groups including reasoning, memory, and 

processing speed training groups, or an assessment-only control group. Reasoning group 

focused on identifying patterns, memory group was trained on how to use memory 

strategies, and processing group was trained to search for items on a computer screen. 

The participants in the three treatment groups underwent 10 intervention sessions in small 

groups on site over the course of five or six weeks. Booster sessions were conducted 11 

and 35 months post-treatment among a random subsample of participants. Individuals 

were assessed pre- and post-treatment, and at 1, 2, 3, and 5, and 10-year follow-up 

assessment sessions (Rebok et al., 2014; Willis et al., 2006).  

 Eighty nine percent of older adults completed the intervention. The results 

showed that at post-treatment assessment, the participants improved their performance on 

the trained cognitive functions (Willis et al., 2006). In other words, each of the three 

treatment groups showed significant improvement in their trained domain, but not other 

domains, which confirmed that the effects were due to targeted training, rather than 

generally increased cognitive engagement or interaction with others. Effect sizes were 

small for memory, medium for reasoning, and large for the processing speed groups. 

These gains were retained at each of the subsequent follow-up assessments across 5 

years, with 33 percent attrition rate at year 5. Booster sessions had significant effects in 

the reasoning and processing speed groups. Additional analysis showed that the treatment 

groups demonstrated smaller decline in their self-reported (but not performance-based) 
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daily functioning by the fifth year of the study compared to the control group (Willis et 

al., 2006).  

The results of the 10-year follow-up of the ACTIVE trial showed that the benefits 

of cognitive training on the trained functions were maintained in the reasoning and 

processing speed group, but not in the memory group (Rebok et al., 2014). Booster 

sessions also maintained their effects among the participants, with the exception of the 

memory training group. Self-reported performance of IADLs in the experimental groups 

continued to be significantly better than that in the control group at the 10-year follow-

up, although there were no significant group differences on the objective IADL measure. 

Ten years after cognitive training, 60 to 70 percent of the participants reported the same 

(or higher) level of IADL performance as 10 years ago, compared to 49 percent of the 

control group. Forty-four percent of the original sample was retained at year 10 (Rebok et 

al., 2014). This study confirmed that cognitive training may lead to improved cognitive 

abilities in healthy older people, with gains maintained up to a decade after the 

intervention. The fact that the gains were maintained at 10 years in the reasoning and 

processing speed groups, but not the memory group (which was taught memory 

strategies) suggests that the benefits of compensatory training may not last as long as the 

benefits of restorative training. Even though the effect sizes were modest, this is an 

impressive finding given that the participants were exposed to only 10 or fewer sessions 

of cognitive training. In addition, the findings revealed that cognitive training may slow 

the decline in daily functioning and prolong independence, which is the ultimate goal of 

such interventions (Rebok et al., 2014; Willis et al., 2006).  
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Since its publication, several research teams performed secondary data analyses 

based on the ACTIVE study. For instance, Gross and Rebok (2011) were interested in the 

participants' utilization of memory strategies on memory tasks. Because it has been 

established that the use of memory strategies is related to memory performance, the 

authors analyzed memory test scores among the memory cognitive training group. The 

sample included 703 memory group participants and 698 control group participants. 

Initially the memory cognitive training group and the control groups did not differ 

significantly on their memory and clustering scores. However, higher clustering scores at 

baseline were related to better recall overall, confirming that memory strategies mediate 

memory performance. Most importantly, the findings revealed that after the intervention, 

the participants in the memory group were more likely to use strategies and consequently, 

had higher memory scores compared to the control group. This increase in strategy use 

among the memory training group was maintained over 5 years of the study. Also, 

strategy use was related to improved daily functioning. It can be derived that cognitive 

training that includes teaching memory strategies may improve older adults' verbal 

memory and daily functioning (Gross & Rebok, 2011) 

Further, Ball, Edwards, Ross, and McGwin (2010) investigated the relationship 

between cognitive training and the incidence of motor vehicle collisions among the 

sample. They selected ACTIVE participants who reported being active drivers at baseline 

and driving at least 1,000 miles per year. The primary outcome variable was the number 

of state-reported at-fault motor vehicle collisions per person-mile driven. According to 

the findings, individuals who underwent processing speed and reasoning cognitive 

training had a significantly lower rate of at-fault car accidents. This study confirms that 
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the benefits of cognitive training are not limited to improved performance on 

neuropsychological measures and self-reports of daily activities, and that the gains 

translate into specific areas of functioning such as driving. Driving is not only vital to 

many older individuals' independence, but may also potentially involve serious risks for 

both seniors and others on the road if the older adults' cognition is impaired. Thus, 

undergoing cognitive training may increase both independence and safety among this 

population and improve road safety at large (Ball et al., 2010). 

Among the largest computerized RCTs is a British nation-wide double-blind 

online study that included 6742 adults older than 50 years, with 2912 older adults over 

the age of 60 (Corbett et al., 2015). The study compared the effects of a 6-month online 

cognitive training focusing on reasoning/problem-solving vs. general cognitive training 

program and active control condition. General cognitive training involved attention, math 

skills, visuospatial ability, and memory. In both cognitive training groups, difficulty 

increased as the participants’ performance improved. Placebo control group worked on a 

task that involved putting statements in correct order. The participants were 

recommended to spend 10 minutes a day on cognitive training or placebo training. 

Outcome measures were standardized cognitive tests and self-reported IADL 

performance (Corbett et al., 2015). 

After 6 months of cognitive training, participants over the age of 60 in both 

intervention groups showed greater benefits on IADLs compared to the control group, 

with small effect sizes. Also, both groups demonstrated gains on measures of reasoning 

(with small-to-medium effect sizes) and verbal learning (with small effect sizes), and 

reasoning group exhibited gains on verbal short-term memory and spatial working 
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memory, although the effect sizes were very small. Notably, participants in the general 

cognitive training group performed worse than the control group on a measure of 

auditory working memory (very small effect size). When the analyses were repeated on a 

subgroup of participants scoring low on measures of reasoning at baseline, the findings 

were the same, with the exception of both intervention groups performing worse than the 

control group on auditory working memory. The findings also confirmed dose-response 

effect, since more cognitive training sessions were linked with higher effectiveness of 

cognitive training, particularly reasoning training. The drop-out rate in the study was 

quite high (35% for participants over the age of 60, 88% overall), suggesting that in-

person contact is required to sustain participant interest and motivation (Corbett et al., 

2015). 

Another large-scale, computer-based RCT was a multi-site double-blind 

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

study by Smith and colleagues (2009). The sample was comprised of 487 community-

dwelling adults 65 years old and older from California and Minnesota. The participants 

were randomized into a treatment group and an intensity and frequency-matched 

educational placebo control group. All participants had computers installed in their homes 

for the study period. Both groups underwent home-based, self-administered programs, 

with sessions taking place five times a week for eight weeks (40 sessions total). The 

treatment group underwent training that included exercises focusing on auditory 

processing speed and accuracy and indirectly involving memory and attention. The 

computer program was designed to adjust the level of difficulty according to each 

individual's performance (Smith et al., 2009).  
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The drop-out rate in the study was 21% (Smith et al., 2009). The authors found 

that compared to the control group, the treatment group demonstrated significantly 

greater improvements in cognitive functioning, with large effect size on global memory 

and small effect sizes on other memory measures. Improvements were also seen in the 

untrained cognitive abilities, suggesting that gains from the cognitive training program 

may generalize to related abilities. Additionally, the participants in the treatment group 

had fewer subjective memory complaints (with large effect size), which may imply that 

the benefits of the training translated into their daily functioning. Due to the inclusion of 

a placebo control group, the improvements in the intervention group cannot be attributed 

to increased computer use, duration and frequency of cognitive activity, nonspecific 

cognitive stimulation, or interaction with staff (Smith et al., 2009). 

An RCT based in China (Cheng et al., 2012) compared the effects of cognitive 

training targeting a single cognitive function and cognitive training involving several 

cognitive abilities. The participants were 193 healthy adults between the ages of 65 and 

75 years. The two intervention groups underwent 24 single-domain or multi-domain 

cognitive training sessions (1 hour-long, 2 sessions per week) over the course of three 

months. The sessions were conducted in groups. Multi-domain intervention involved 

memory, reasoning, problem solving, visuospatial and reasoning, as well as handcrafts 

and physical exercises. Single-domain group received reasoning cognitive training only. 

Both interventions included a short lecture on health-related issues during the first 15 

minutes of each session. Homework was assigned and reviewed once a week. Both 

treatment groups and the wait-list control group attended a lecture on healthy living every 

two months (Cheng et al., 2012).  
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Assessments took place before and after the intervention, and at 6-month and 12-

month follow-up interviews (Cheng et al., 2012). Attrition at post-intervention 

assessment was 10 percent. Six months after treatment, three booster sessions were 

offered to 60 percent of randomly selected participants in the two intervention groups. 

Statistical analyses showed that both intervention groups demonstrated overall 

improvement in their cognitive abilities at post-treatment assessment as compared to the 

control group with small effect sizes. Both groups showed gains in visual reasoning (with 

medium effect sizes) and delayed memory (medium effect size for multi-domain group 

and small effect size for single-domain group). Multi-domain intervention was more 

likely enhance immediate memory (medium effect size), while single-domain treatment 

was more likely to improve visuospatial abilities (medium effect size).  

At the 6-month follow-up testing, gains in visual reasoning were maintained in 

both groups and in visuospatial skills for single-domain group. After 12-months, gains in 

visual reasoning were maintained in multi-domain group participants only, who also 

exhibited improved delayed memory scores (small-to-medium effect size). At the same 

time, single-domain group scored higher on a measure of response inhibition (small-to-

medium effect size). Booster training had significant effects in both groups and was 

related to enhanced reasoning, visuospatial skills, and processing speed (Cheng et al., 

2012).  

The findings point to the benefits of cognitive training in older adults, since 

intervention groups scored higher than the control group, and attending more sessions 

was associated with better cognitive outcomes while controlling for baseline scores. Also, 

it may be derived that multi-domain training is linked with more sustainable gains in 
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some cognitive skills in this population. Importantly, the fact that single-domain 

intervention group improved on a number of untrained functions demonstrates that the 

specific effects of cognitive training are generalizable to a broad range of abilities. It is 

important to keep in mind that Cheng and colleagues (2012) chose to incorporate 

physical activity as part of their two interventions. Previous research has demonstrated a 

link between physical exercising and cognition, possibly because exercising increases 

blood flow to the brain, supporting its functioning (Baumgart et al., 2015; Kramer & 

Willis, 2002; Plassman et al., 2010). The effects of this factor may be difficult to discern 

from those of cognitive activities in this study.  

An RCT by Shatil (2013) addressed the issue of differentiating between the 

effects of cognitive training and physical exercise. Shatil (2013) compared three different 

onsite interventions for cognitive decline: computerized cognitive training, physical 

exercise program, and combined cognitive and physical exercise training. An active 

control group was also included and was assigned readings from a book on health in 

aging. The exclusion criteria were having cognitive or sensorimotor deficits, or taking 

medications that may affect cognitive functioning. All eligible participants (N = 122; 65-

93 years old) underwent a computerized assessment developed by CogniFit corporation 

before and after the intervention. This battery had previously been validated in 861 adults 

50-90 years old and cross-validated with standardized neuropsychological measures in 

younger (but not older) adults (Shatil, 2013).  

Cognitive training involved commercially available CogniFit program that 

administered three tasks out of 21 tasks to participants based on the tasks that they scored 

lowest on during the baseline assessment (Shatil, 2013). The participants worked on these 
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three tasks during the first 20 minutes of each session, and were able to select the other 

three tasks to work on based on their own preferences for the remaining 20 minutes of 

each session. Older adults in the cognitive training group were required to attend three 

group sessions a week for 4 months. The physical activity group attended 45-minute 

group sessions three times a week for 4 months, while the combined cognitive/physical 

training group attended both the cognitive and physical exercise programs three times a 

week each for 4 months. The active control group met once a week for 60 minutes and 

discussed the assigned reading material. All four conditions allowed for socialization 

among the participants (Shatil, 2013). 

According to Shatil (2013), 48 percent of the participants dropped out of the 

study. The results indicated that cognitive training group improved significantly on seven 

CogniFit cognitive battery tasks including those involving divided attention, avoiding 

distractions, hand-eye coordination, naming, visual processing speed, visual scanning, 

and global visual memory (effect sizes not provided). In contrast, the cognitive/physical 

exercise group demonstrated improvement on only three tasks. Moreover, the exercise-

only group and the control groups’ performance did not change from the first assessment 

to the second. No significant 3-way interaction (time X cognitive training X physical 

exercise) was found. The between-group analysis for the participants who received 

cognitive training (combined cognitive training only and cognitive/physical training 

groups) versus the participants without cognitive training (combined physical exercise 

and the control group) was performed. The findings showed that the two groups who 

received cognitive training performed significantly better than the two groups who did 
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not on eye-hand coordination, global visual memory, processing speed, visual scanning, 

and naming with medium and large effect sizes (Shatil, 2013). 

Even though the between-group analysis for the four arms of the study did not 

indicate significant group differences, significant effects were found on five of the 14 

tests when the four arms were combined into two (those receiving cognitive intervention 

and those who did not), which provides some support for the efficacy of cognitive 

training in healthy older population. Importantly, the report indicates that some older 

adults withdrew due to computer stress, health issues, caregiving for a spouse, and heavy 

personal activity load (Shatil, 2013). These issues point to barriers to participating in 

cognitive training among older population, which can be partially addressed by 

employing home-based and paper-and-pencil approach. Of note, the study utilized 

CogniFit neuropsychological assessment rather than standardized cognitive measures. 

Additionally, the author of the study was an employee of CogniFit (Shatil, 2013). Due to 

these factors, the results should be interpreted with caution. 

A relatively small RCT by Mozolic, Long, Morgan, Rawley-Payne, & Laurienti, 

(2011) aimed to investigate the effects of inhibition-based training on healthy adults' 

attention skills. The participants were 66 healthy adults between the ages of 65 and 75 

randomized into the treatment and frequency- and duration matched placebo control 

groups. The treatment group received an 8-week long training (1 session per week) 

wherein they were taught to suppress irrelevant auditory and visual stimuli. According to 

Mozolic and colleagues (2011), older adults may be more vulnerable to the distracting 

stimuli, which may take a toll on their attention and memory, and interfere with their 

performance on routine tasks. Engaging in exercises that incorporate both relevant and 
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irrelevant information resembles the natural distractions in daily tasks and may help older 

adults minimize the impact of irrelevant stimuli. To ensure that training effects were not 

attributable to increased computer and keyboard use, all tasks were presented on a screen 

using a projector, and the participants provided answers verbally or by using a lever. The 

control group participants attended health education lectures. The participants underwent 

cognitive testing before and after the treatment, and at 1-month follow-up assessment 

(Mozolic et al., 2011).  

The attrition rate in the study was 6 percent (Mozolic et al., 2011). Following the 

training, the intervention group participants showed larger improvements in selective 

visual and auditory attention compared to the control group with small-to-medium effect 

sizes. These individuals had significantly greater reductions in interference when 

presented with distractors from outside the modality (e.g., auditory distractors during a 

visual task, or visual distractors during an auditory task). The authors found that their 

training had limited effects when it came to distractors from within the same modality. 

Also, treatment group demonstrated greater improvements in non-trained domains, 

including processing speed and divided attention (with small-to-medium effect sizes), 

which points to transfer effects of this intervention (Mozolic et al., 2011).  

Another study that focused on training of a specific cognitive domain is an RCT 

by Rose and colleagues (2015) who evaluated the effects of prospective memory training 

on cognitive functioning, brain activity during prospective memory tasks (as assessed by 

event-related potentials on electroencephalogram [EEG]), and IADLs. A total of 58 

participants 60-79 years old were included in the study. The intervention group was 

engaged in prospective memory training computer game for 12 1 hour-long sessions over 
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1 month. Active control group was administered classroom music training with a teacher, 

and assessment-only control group did not have any intervention sessions (Rose et al., 

2015).  

Attrition rate was not reported in the article. The participants performed better 

than the control groups on the trained and untrained prospective memory tasks; however, 

there were no group differences on other cognitive measures (effect sizes not reported; 

Rose et al., 2015). The intervention group also performed significantly better on an 

objective measure of IADLs compared to both control groups. Additionally, EEGs 

showed significant group differences in the right occipito-parietal cortex, suggesting that 

the intervention group demonstrated more efficient processing of prospective memory 

and response regulation, with small effect size. No EEG differences were found in other 

brain regions. Despite the small sample size, this study is important as it incorporates 

performance-based assessment of IADLs with the use of daily objects and tasks, as well 

as brain imaging data (Rose et al., 2015). 

An RCT that is of particular interest to the present study is a cognitive training 

program that utilized home-based, paper-and-pencil tasks (Tranter & Koutstaal, 2008). 

The authors combined home-based, self-administered individual training with group 

creative activities to test their hypothesis that engaging in novel, cognitively stimulating 

activities has a positive effect on fluid intelligence (reasoning, problem-solving, attention, 

working memory) among healthy older adults. Forty-four older adults without serious 

health problems, cognitive impairment, or depression or anxiety symptoms aged 60-75 

years were randomly assigned to an experimental or assessment-only control groups. 

Both groups were told that the study investigated participants’ mood rather than 
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cognition. The intervention combined home-based, self-administered tasks with onsite 

group sessions. Specifically, the experimental group was assigned 12 home-based 

activities, including various picture and word puzzles, visual search, mathematical, and 

creative drawing activities. The participants were asked to have two sessions per week 

and work on one activity per session for 40-60 minutes with a two day interval between 

sessions. The three group on-site sessions involved listening to- and discussing 

unconventional music, construction of a marble run and a newspaper tower, using 

origami paper, and playing a board game. The control group participated in several social 

meetings after the baseline assessment in order to balance the opportunities for 

socialization for the experimental and control groups. The outcome measures evaluated 

participants’ non-verbal reasoning and visuospatial skills (Tranter & Koutstaal, 2008).  

With regard to attrition, only one participant (in the experimental group) dropped 

out of the study (Tranter & Koutstaal, 2008). Additionally, the participants in the 

intervention group were quite compliant with self-administered home-based activities, as 

most of them completed all 12 activities except for one or two (M = 11.3), which were 

typically of more artistic nature. At post-intervention assessment, the experimental group 

scored significantly higher on primary outcome measures with small-to-medium effect 

sizes compared to the control group. Even though the control group demonstrated slight 

gains on both measures, these gains were larger for the experimental group. The within-

group analysis showed that the experimental group significantly increased its 

performance on two of the five outcome measures from pre- to post-intervention 

assessment. Both groups’ mood scores remained unchanged from pre- to post-

intervention testing (Tranter & Koutstaal, 2008). 
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According to Tranter and Koutstaal (2008), their data support the hypothesis that 

increased cognitively stimulating activity reduces decline in fluid intelligence and may 

improve fluid abilities in healthy older individuals. Tranter and Koutstaal’s (2008) 

findings also provide evidence that performing cognitively stimulating tasks is among the 

protective factors for cognitive decline in healthy older population, as previously found 

(see reviews by Baumgart et al., 2015; Plassman et al., 2010). An important contribution 

of the study is that the participants demonstrated improvement on tasks that were not 

directly trained during the intervention, supporting transfer effects of this multi-faceted 

intervention to gains on a specific cognitive domain (Tranter & Koutstaal, 2008). 

Relevant to the present study, Tranter and Koutstaal’s (2008) results shed light on 

the feasibility of combined home- and onsite cognitive interventions for older adults. 

Despite a range of potential logistical and other issues (i.e., participants’ understanding, 

complying with, and accurately reporting study procedures), home-based approach offers 

a number of important benefits, including reduced participant burden and wider 

accessibility. Older and frailer seniors may be able to participate, as well as those with 

health problems and disabilities, lower cognitive status, caregiving responsibilities, and 

transportation issues. This may also address the self-selection bias, as more cognitively 

vital older adults tend to participate in laboratory-based studies (e.g., Willis et al., 2006). 

Also, since the participants tended to omit creative activities, it may be suggested that 

more concrete and structured cognitive activities should be employed in such 

interventions. Overall, only one individual out of 44 dropped out of the study, and the 

participants demonstrated high compliance to self-administered tasks, which points to the 
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value of home-based, self-administered paper-and-pencil approach in cognitive training 

interventions for cognitive decline (Tranter & Koutstaal, 2008).  

In addition to a relatively small sample size, the authors (Tranter & Koutstaal, 

2008) site the short duration of the intervention and lack of follow-up testing as some of 

the limitations of their research, since 10-12 weeks may be insufficient to demonstrate 

effects on a rather slow and gradual decline in fluid intelligence. Smaller exposure to 

social interaction among the control group, inability to discriminate between the effects 

of individual versus group sessions, and the inclusion of relatively “young” older adults 

ages 60-65 are also among the limitations of the study. Finally, the study lacked 

performance-based measures of daily functioning (Tranter & Koutstaal, 2008).  

Summary of findings. Experimental design with randomization in the reviewed 

RCTs refutes the direction of causality of cognitive engagement critique, according to 

which cognitively intact older adults tend to enjoy and seek cognitively stimulating tasks 

and are thus found to be more likely to engage in such tasks (as opposed to stimulating 

activity contributing to cognitive vitality in older adults; Tranter & Koutstaal, 2008). 

Overall, few studies have focused on cognition-based interventions in normally aging 

older adults. Existing studies evaluated the effectiveness of single-domain (Cheng et al., 

2012; Rose et al., 2015; Willis et al., 2006) and multi-domain interventions (Cheng et al., 

2012; Corbett et al., 2015; Shatil, 2013) administered individually (Corbett et al., 2015; 

Mozolic et al., 2009; Shatil, 2013; Rose et al., 2015; Smith et al., 2009), in groups (Cheng 

et al., 2012; Willis et al., 2006), or in combined individual/group format (Tranter & 

Koutstaal, 2008). The setting included onsite programs (Cheng et al., 2012; Mozolic et 
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al., 2009; Rose et al., 2015; Shatil, 2013), home-based interventions (Corbett et al., 2015; 

Smith et al., 2009), or a combination of both (Tranter & Koutstaal, 2008).  

Most of the reviewed RCTs were marked by methodological issues, such as lack 

of a placebo control group (Willis et al., 2006; Cheng et al., 2012) and small sample size 

(Mozolic et al., 2011; Rose et al., 2015; Shatil, 2013; Tranter & Koutstaal, 2008). Only 

one study included neuroimaging data (Rose et al., 2015), two included a performance-

based measure of IADLs (Rose et al., 2015; Willis et al., 2006), and none were replicated. 

Some studies excluded participants over the age of 75 (Cheng et al., 2012; Mozolic et al., 

2011), while others included older adults under the age of 65 (Corbett et al., 2015; Rose 

et al., 2015; Tranter & Koutstaal, 2008). Although several studies did not include follow-

up assessments (e.g., Mozolic et al., 2011, Shatil, 2013; Tranter & Koutstaal, 2008), the 

data from a large-scale study with 1,2,3,5, and 10-year follow-ups (Rebok et al., 2014; 

Willis et al., 2006) and a study with a 12-month follow-up (Cheng et al., 2012) did point 

to maintenance of some of the cognitive training effects in healthy older adults.  

Despite the methodological issues, the RCT data are promising and suggest that 

cognitive training may help maintain cognitive functioning in non-demented older adults. 

The literature also suggests that booster sessions may improve maintenance of cognitive 

training effects (Cheng et al., 2012; Rebok et al., 2014), and one study showed that 

integrating cognitive and physical exercise with psychoeducation may help maintain the 

gains compared to single-domain cognitive training (Cheng et al., 2012). Importantly, 

cognitive training may lead to prolonged  independence due to improved daily 

functioning (Rebok et al., 2014; Willis et al., 2006), as well as improved safety resulting 

from reduced incidence of motor-vehicle collisions (Ball et al., 2010). 
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Due to the aforementioned limitations among the studies and variations in dosage, 

format, and setting of intervention delivery, as well as cognitive functions targeted and 

assessed, it is difficult to draw conclusions with regard to the “best practices” in this 

population. It is likely that different approaches are suitable for different populations of 

older adults, and additional research is needed to identify participant characteristics in 

relation to specific intervention factors that result in largest post-treatment and follow-up 

gains on cognition and daily functioning. 

Criticisms of cognitive training. Among the main criticisms of cognitive training 

in healthy older adults is that generally, the effect sizes associated with significant group 

differences are small-to-medium (Papp, Walsh, & Snyder, 2009). Self-selection bias may 

be one of the reasons contributing to this finding. It is possible that those individuals 

without dementia who are older, have poorer general cognition, and are more frail would 

be more likely to benefit from cognitive training and demonstrate significant gains in 

cognition. However, because these individuals are less likely to participate in research 

and are more likely to withdraw from studies (e.g., Tranter & Koutstaal, 2008; Willis et 

al., 2006), current literature might not adequately capture the true potential of cognitive 

training interventions. Medical conditions, low motivation, and poor treatment adherence 

may also contribute to only modest gains on cognitive scores in older population (Rebok 

et al., 2010).  

Further, cognitive training for healthy population has been criticized for its 

limited transfer effects (Kramer & Willis, 2002). Research participants trained on a 

specific task showed improvement on that task or a very similar task, but did not improve 

on other tasks. As a result, it has been argued that cognitive training enhances 
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performance on the trained content, but not the underlying cognitive skill, implying that 

the training may be task-specific or content-specific, but not necessarily process-specific. 

Thus, the benefits of cognitive training observed in clinical or research settings may not 

translate into improved daily functioning, which is the main goal of such interventions 

(Kramer & Willis, 2002; Slagter et al., 2011).  

In response to this criticism, recent studies have incorporated comprehensive 

neurocognitive assessment as well as measures of daily functioning and quality of life 

and demonstrated that cognitive training does lead to transfer to untrained functions 

(Cheng et al., 2012; Corbett et al., 2015; Mozolic et al., 2011; Smith et al., 2009; Tranter 

& Koutstaal, 2008), and may lead to improved performance of ADLs (e.g., Corbett et al., 

2015; Gross & Rebok, 2011; Rose et al., 2015; Rebok et al., 2014; Willis et al., 2006). 

Moreover, cognitive training of working memory was found to improve balance and 

mobility (walking) in older adults (Smith-Ray et al., 2015), while training of processing 

speed was linked to maintenance of driving over 5 years (Ross et al., 2015).  

In summary, promising results from experimental studies on cognitive training 

combined with evidence pointing to plasticity of the brain and its seemingly inexhaustible 

ability to reorganize and learn (Slagter et al., 2011) illustrate that there is a need to 

continue exploring cognitive training approaches targeting cognitive decline and outcome 

measures that best capture the effects of interventions. Among the grossly overlooked 

formats of delivering cognitive training interventions is peer learning.  

Peer-based interventions. Programs where peers assist one another in learning or 

facilitate discussion groups have been extensively researched in educational settings and 

demonstrated to be beneficial and popular among participants, including older adult 
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participants (e.g., Clark, Heller, Rafman, & Walker, 1997). Additionally, peer support has 

been linked with improved health behaviors (e.g., Buman et al., 2011) and improved 

outcomes in mental health and substance use settings (Solomon, 2004). However, little is 

known about the influence of peers in cognitive interventions, particularly those that 

involve more than one or two sessions (Margrett & Willis, 2006).  

Collaboration in cognitive training. Among short-term cognitive training studies 

involving collaboration is a quasi-experiment by Henkel and Rajaram (2011) who 

evaluated the effects of collaboration on memory, where participants worked on tasks 

together. The authors were interested in collaboration in normally aging older adults since 

they may be likely to involve others as a strategy to improve recall. The authors also 

investigated age differences in relation to collaboration effects and beliefs about 

collaboration in their study. A group of 96 younger adults (18-27 years old) were 

compared with a group of 96 older adults (aged 66-92 years) and in each group, half of 

participants were engaged in collaboration, while the other half were not. The outcome 

measures included a memory task, which included 72 words from nine different 

categories. The two most typical words from each category were excluded to examine 

false recall, and some unrelated words were added for interference effect. After hearing 

the words, all participants were instructed to write down as many words as they could 

remember. Next, half of participants were re-tested individually and half were tested in 

collaboration with two other unfamiliar participants in their age group. All participants 

were re-tested individually one more time and were also administered a measure 

assessing collaboration in their daily lives and the factors that they believed influenced 

collaboration (Henkel & Rajaram, 2011).  
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The results of the study showed that although older adults were able to recall 

fewer words than younger adults, both groups had a similar pattern of collaboration-

related outcomes (effect sizes not reported; Henkel & Rajaram, 2011). It was found that 

both groups demonstrated a comparable degree of collaborative inhibition, which refers 

to participants recalling less as a group than they would if their individual responses were 

pooled together. However, collaboration was associated with reduced false recall in both 

groups. Also, memory gains from collaboration were observed on the last individual re-

test, although to a smaller degree in the older group. With regard to their self-reports, 

both groups had positive beliefs about the benefits of collaboration, particularly those 

individuals who engaged in collaboration during the study. These findings show that 

collaboration is associated with both costs and benefits for memory, and older adults do 

not differ significantly in how collaboration affects their memory (Henkel & Rajaram, 

2011). Interestingly, research on collaboration has shown that partner familiarity (stranger 

vs. partner or spouse) may play a role in how effective collaboration is (Gould, Kurzman, 

& Dixon, 1994).  

It appears that only one study has evaluated the efficacy of long-term home-based 

collaborative cognitive training among familiar older adults. In this study (Margrett & 

Willis, 2006), 98 participants (49 couples) aged 61-89 years (M = 71 years) were 

randomly assigned to one of the three conditions. Thirty participants were included in the 

individual cognitive training group, 34 in the couples collaborative cognitive training 

group, and 34 in the no-treatment control group. The three groups did not significantly 

differ at baseline. Participants in the cognitive training groups received reasoning training 

based on materials from the ACTIVE study (Willis et al., 2006). The tasks included basic 
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reasoning exercises with an emphasis on using strategies, as well as hands-on real-life 

exercises that involved using maps and bus schedules, completing forms, and other tasks. 

Sessions lasted between 60 and 75 minutes, where the couples were required to work on 

tasks individually (individual cognitive training group) or together (collaborative 

cognitive training group). The participants in the individual training group were 

encouraged to engage in training at different times than their partner. The participants 

underwent 10 training sessions, with initial sessions supervised by researchers and some 

of the sessions videotaped. Assessment included measures of inductive reasoning that 

required sequencing and identifying patterns (Margrett & Willis, 2006). 

The results showed that both training groups performed significantly better on 

several tests at post-intervention compared to the control group with medium and large 

effect sizes (Margrett & Willis, 2006). However, the two training groups did not differ 

significantly on any of the measures. The proportion of participants who improved in 

their scores was also compared across the three groups. It was found that significantly 

higher proportion of participants in the training groups demonstrated gains on one of the 

tests. It was concluded that even though the findings supported the effectiveness of 

cognitive training, the benefits of collaborative versus individual training were not 

established (Margrett & Willis, 2006).  

The authors (Margrett & Willis, 2006) believe that their findings confirm that 

older adults can benefit from self-administered cognitive training. The advantages of such 

training include the fact that in-home intervention may be more accessible to older adults 

and that it does not require having a formal trainer, which points to ecological validity of 

the findings and suggests that the cost of such cognitive intervention would be relatively 
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low. In terms of limitations, the authors mentioned that despite their precautions, there 

was a possibility that the couples in the individual training group discussed the tasks with 

their spouses, which might have affected the results. Other limitations included lack of 

follow-up assessment to evaluate maintenance of cognitive gains and lack of measures of 

functional performance that could determine whether transfer of effects to daily activities 

has occurred. The authors discussed the potential effects of relationship dynamics on 

treatment outcomes and recommend including this element in future research (Margrett & 

Willis, 2006). 

In summary, peer learning with familiar or unfamiliar individuals has not been 

addressed in the cognitive training literature, with the exception of one study. This study 

employed collaboration among familiar older adults and showed that collaborative 

training was no more effective than individual self-administered training (Margrett & 

Willis, 2006). It should be noted that when it comes to collaboration where older adults 

work on cognitive tasks together, participants may not be sufficiently challenged since 

they share the effort required to work on exercises. For instance, one spouse may 

compensate for the cognitive weaknesses of the other by doing most of the cognitive 

work. It may be beneficial to employ coaching rather than collaboration in cognitive 

training, where older adults administer exercises to one another and check each other’s 

accuracy. It is possible that coaching would eliminate the effects of joint effort or one 

participant compensating for the other, making it a more challenging and stimulating 

activity for older adults, which may lead to more dramatic gains in cognitive functioning. 

However, it seems that coaching has not been previously explored in cognitive training 
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literature. Peer-based approaches also raise questions regarding the potential effects of 

increased social interaction on cognition, as discussed below.  

Social Factors and Cognition  

It has been demonstrated that such social variables as marital status and social 

support may play a role in older adults’ cognitive functioning, although the findings are 

not unequivocal. For instance, longitudinal research shows that being single or living 

alone is a risk factor for Alzheimer’s disease (Fratiglioni, Wang, Ericsson, Maytan, & 

Winblad, 2000; Sibley et al., 2002). In addition, in a Netherlands-based study (Van 

Gelder et al., 2006), older men (70-89 years) who were single, lost their partner, or lived 

alone over previous 5 years demonstrated a significantly sharper rate of cognitive decline 

at the 10-year follow-up compared to older men living with a spouse or others.  

Conversely, a longitudinal study by Seeman, Lusignolo, Albert, and Berkman, 

(2001) evaluated 1,189 cognitively intact older adults aged 70-79 over 7.5 years and 

revealed that marital status (as well as the number of close ties, number of social groups, 

instrumental support, the level of conflict/demands, and support provided to others) did 

not have an effect on the older adults’ cognition over time. Instead, higher baseline 

emotional support predicted better cognitive outcomes among the participants, 

independent of depression and self-efficacy scores. This suggests that it is not the number 

of social connections or whether an older adult has a partner/spouse, but the quality of 

social connections that can positively affect cognition in seniors. Thus, having a 

supportive partner or close friends may help maintain cognition with age, while a 

negatively charged relationship or lack of having deep emotional connections may be a 

risk factor for cognitive decline (Seeman et al., 2001).  
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Another longitudinal study (Holtzman et al., 2004) which included 354 adults 50 

years old and older (m = 61) with a 12-year follow-up, confirmed that emotional support 

was an independent predictor of higher cognitive functioning. However, in contrast to 

Seeman and colleagues’ (2001) results, the authors found that better cognitive 

performance was related to more frequent interpersonal activity in larger social networks 

(Holtzman et al., 2004). It may be suggested that these contrasting results are due to 

cohort (i.e. age range in study samples) and cultural differences among the studies. 

Clearly, more research focusing on social variables and cognition in older adults is 

needed.  

Summary and Statement of the Problem  

In summary, age-related cognitive decline is a serious issue as it is related to a 

wide range of problems on the individual, family, and societal levels (Infurna et al., 2011; 

Park & Bischof, 2013). Age-related cognitive decline may affect older adults' driving 

ability (Kowalski et al., 2011; McKnight & McKnight, 1999), balance (Herman et al., 

2010; Muir et al., 2012), judgment (Boyle et al., 2012), and performance of IADLs 

(Infurna et al., 2011; Montejo et al., 2012; Tabbarah et al., 2002). As a result, older adults’ 

safety, independence, engagement in leisure and other activities, emotional health, and 

quality of life may be compromised (Infurna et al., 2011; Calero & Navarro, 2011; 

Montejo et al., 2012; Yang & George, 2005). Age-related cognitive decline may also 

increase caregiver burden and stress, and increase older adults’ need for various services 

which takes a toll on the national economy (Infurna et al., 2011; Park & Bischof, 2013).  

Even though it occurs in the majority of older adults, some older adults 

experience minimal levels of cognitive deterioration (Park et al., 2003), which has been 
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linked to lifestyle, health, and social factors, as well as cognitive engagement (Plassman 

et al., 2010). In the light of its negative effects, there is a need to address age-related 

cognitive decline in older population based on the up-to-date research on risk and 

protective factors for cognitive vitality. Maintaining or improving cognitive functions is 

likely to prolong independence and contribute to well-being in this population and as a 

result, decrease the personal, caregiver, and societal burdens of age-related cognitive 

decline.  

Research evaluating cognitive training in cognitively healthy older adults has 

provided some evidence that this non-pharmacological intervention may alter the 

progression of cognitive decline in seniors, with some studies showing long-lasting 

effects (e.g., Rebok et al., 2014). These findings highlight the need to develop and 

evaluate various cognitive training interventions in order to identify best practices in this 

area. Older adult population is highly diverse and different populations of older adults 

may benefit from different approaches to cognitive training based on their health and 

mobility, level of cognition, marital status, familiarity with/access to computer and/or the 

internet, cultural and residential factors, and personal preferences. It is important to 

determine which content, format, setting, and dosage of cognitive training are most 

effective for older adults with certain characteristics. 

The majority of existing studies utilized either group, on-site, paper-and-pencil 

cognitive training or individual, home-based, computerized approach. Group laboratory-

based format may create barriers for older adults with mobility, transportation, and 

scheduling issues, as well as those caregiving. On the other hand, while allowing for 

flexibility, home-based computerized cognitive training does not incorporate social 
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engagement (which has been found to be beneficial for older adults’ health, cognition, 

and well-being) and may not be feasible for those who have limited access to computer or 

internet, or are uncomfortable using it. There is a lack of cognitive training studies 

utilizing home-based, paper-and-pencil, peer-based format. Such an intervention may be 

accessible to broader older adult population as it is characterized by scheduling flexibility 

and limited facilitator involvement, and minimizes issues related to travel and mobility, 

caregiving, and computer access or use. Additionally, since none of the previous studies 

incorporated coaching, there is a need to explore whether this approach is feasible and 

may enhance the efficacy of cognitive training.  

Present Study  

Purpose. The purpose of the study was to address current gaps in the literature 

and evaluate feasibility, participant acceptability, and efficacy of a novel, home-based 

dyadic intervention with coaching in community-dwelling older adults without cognitive 

impairment. The participants’ pre- and post-intervention scores were used to evaluate 

changes in cognition and relationships among cognitive, self-report, and demographic 

variables. Semi-structured interviews were utilized to explore the participants’ 

experiences with the intervention. 

Conceptual framework. Even though research supporting the link between 

cognitive training and neurological changes is at its infancy (Park & Bischof, 2013), 

emerging imaging data combined with existing cross-sectional and longitudinal studies 

on risk and protective factors for age-related cognitive decline support the validity of the 

STAC theory and the concept of neuroplasticity. Based on this literature, it was 

hypothesized that through the mechanisms of neuroplasticity and scaffolding, cognitive 
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training of verbal memory, language, reasoning, and visual processing would promote 

activation of existing and alternative neuronal circuitry and lead to maintenance or gains 

in these cognitive functions. In addition, it was expected that transfer of training effects to 

untrained functions would occur, as demonstrated by gains on visual memory, delayed 

memory, or response inhibition. It was expected that improved cognition, particularly 

executive functions would also lead to improved performance of IADLs, since these 

functions are believed to be at the core of individuals’ daily activities (e.g., Royall et al., 

2007). 

Further, it was expected that in its turn, improvement in cognition and IADLs 

would translate into enhanced quality of life among the participants. Moreover, it was 

hypothesized that the social engagement and coaching component that is unique to the 

present intervention would further enhance cognition, daily functioning, and quality of 

life. Drawing on the Life Course Perspective discussed previously, it was hypothesized 

that social engagement would contribute to an enriched environment for participants, 

which may improve bio-psycho-social outcomes. The conceptual framework of the study 

is presented in Figure 1 below.  
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Figure 1. 

 

Conceptual Framework. 

 

 

Note. The figure illustrates that cognitive training of verbal memory, language, reasoning, and visual 

processing, combined with purposeful social engagement leads to improvement in overall cognitive 

functioning, including untrained cognitive skills. This improvement in cognition, together with social 

engagement lead to improved daily functioning and quality of life. In addition, enhanced daily functioning 

also contributes to improved quality of life.  

 

Practical and economic reasons. The practical reasons for the study are related 

to the unique format of intervention. Cognitive training program developed for this study 

is highly flexible as it is self-administered at home without the use of a computer and 

thus, it addresses the potential issues that may arise with onsite programs such as 

problems with physical mobility, scheduling, space availability, weather, transportation, 

or computer use. As an example, in the ACTIVE trial (Rebok et al., 2014; Willis et al., 
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2006), the participants that withdrew from the study after randomization or during the 

intervention period were more likely to be older, single, have health issues, and lower 

initial cognition scores. Further, in addition to health problems and having to care for a 

spouse, computer stress was among the reasons for attrition in a computerized cognitive 

training study (Shatil, 2013). This illustrates that on-site and/or computerized 

interventions may be vulnerable to self-selection bias because older adults who complete 

the training tend to be younger, healthier, more cognitively intact, and more computer-

savvy. However, the participants that may be likely to benefit from the intervention and 

may show more dramatic gains on cognitive measures may be the ones who tend to 

withdraw, which can result in smaller effect sizes in these studies. Some scholars (e.g., 

Taussig & Pontón, 1996) argue that it is important to include older adults with non-acute 

chronic illnesses in cognition research because “they are representative of the real world” 

(p.51). For this reason, including older adults over the age of 65 with a variety of 

functional and non-acute medical issues in the study sample, as opposed to younger and 

more vital seniors, possibly contributed to the ecological validity of the intervention. 

Similarly, the format of the intervention likely addressed many barriers associated with 

onsite and computerized interventions, and thus, reduced self-selection bias.  

In terms of economic reasons, cognitive training in the present study probably 

requires fewer resources compared to onsite cognitive training programs, which can be 

costly (Rebok et al., 2010). In the dyadic intervention, the burden on agencies in the 

community is reduced since it requires limited supervision and eliminates the need for 

facilities or transportation services. From the macro-level perspective, the study 

contributes to the existing knowledge in aging and cognition that may inform policy with 
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regard to community-based services promoting health and cognitive vitality for healthy 

older adults. Specifically, the study highlights the benefits of home-based cognitive 

interventions, which may be included among the services offered by senior centers, 

health centers, and other agencies in the future. Cognitive training interventions for 

cognitive decline may be identified as services covered by the Older Americans Act, 

which emphasizes the importance of preventative services and evidence-based 

interventions (Administration on Aging, 2008). Ultimately, the study may help prolong 

independence and enhance quality of life among the growing aging population, as well as 

their caregivers. This may lead to decreased personal, family, and societal burdens 

associated with natural cognitive decline. 

Research questions and hypotheses. The purpose of the mixed-methods study 

was to evaluate feasibility and participant acceptability of a home-based, self-

administered dyadic cognitive training with coaching. The research questions and 

hypotheses were as follows: 

Research Question 1. What are the participants’ retention and adherence rates? 

Hypothesis 1.1. At least 80 percent of participants will remain in the study at post-

intervention assessment (estimate based on existing cognitive training studies with 

retention rates of 2-48 percent). 

Hypothesis 1.2. The participants will complete at least 80 percent of sessions (19 out of 

24 sessions). 

Research Question 2. What are the participants’ experiences with the intervention? 

(Hypotheses not applicable; research question to be explored through qualitative 

interviews). 
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Research Question 3. How will the participants’ scores on cognitive and self-report 

measures change from baseline to post-intervention assessment?  

Hypothesis 3.1. The participants’ will not decline in their cognitive and self-report scores 

from pre- to post-intervention. Improvements in some cognitive skills may be observed 

(not possible to predict which cognitive skills may improve due to variability of results in 

the literature).   

Research Question 4. Is there a relationship between participant characteristics and their 

scores on the pre- and post-intervention cognitive measures? 

Hypothesis 4.1. Lower education, older age, and lower health status will be related to 

lower baseline cognitive scores, while gender will have no effect on baseline cognitive 

scores.  
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III. METHODS 

Research design 

In order to evaluate feasibility of the novel, dyadic cognitive training intervention 

in the target population and answer the research questions, a mixed methods quasi-

experimental design was employed. Simple percentage calculations were used to evaluate 

Research Question 1 and assess the participants’ retention and adherence rates. 

Qualitative strategy was used to address Research Question 2 and explore the 

participants’ experience with the intervention. Specifically, in-depth, semi-structured 

interviews were administered to all intervention group participants in order to evaluate 

adequacy of the materials and participant acceptability of the intervention, and identify 

ways to improve “user-friendliness” of the manual and intervention. Lastly, quasi-

experimental, quantitative approach was employed to address Research Questions 3 and 4 

and compare pre- and post- intervention scores for preliminary assessment of efficacy of 

the intervention and to evaluate the role of demographic variables.  

The procedures of the study align with Stage I of the Stage Model of Behavioral 

Therapy Research, which mirrors the stage model of pharmacological and medical 

research (Rounsaville & Carroll, 2001). In Stage I of this model, “manual development, 

therapist training, assessment of therapist adherence, and competence and feasibility 

testing are research tasks that are guided by scientific standards” (p. 134). Stage I seeks to 

establish elements required for subsequent research activities. It lays the foundation for 

Stage II of the model, efficacy testing, and allows fine-tuning various components of the 

intervention and addressing any issues before proceeding with large and costly RCTs 

(Rounsaville & Carroll, 2001). Double-blind, placebo-controlled RCT is considered to be 
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a gold standard in medicine and science research, as it minimizes human bias and 

maximizes the validity of results (Kaptchuk, 2001). However, Stage I research is a 

necessary step as it guides the development of RCTs.  

Because Stage II research focuses on internal validity of an intervention, such 

research standards as sufficiently large sample, stringent inclusion and exclusion criteria, 

randomization, and follow-up assessment are of utmost importance. In contrast, in Stage I 

studies, exploratory and descriptive aspects of research and external validity of the 

intervention take precedence, while internal validity is given lower priority (Rounsaville 

& Carroll, 2001). For these reasons, the feasibility study included a small sample of older 

adults using relatively broad inclusion criteria, and did not employ a control group. The 

primary goal of the study was to evaluate feasibility of the novel intervention and lay 

foundation for future confirmatory and efficacy trials. In the study, the participants 

underwent brief cognitive assessment followed by home-based dyadic intervention up to 

24 weeks-long. After the conclusion of the intervention, the participants were re-assessed 

and interviewed. The goal was to determine whether the novel intervention was relevant 

for the target population and to identify changes that would increase acceptability and 

adherence for this format of cognitive training.  

Sample 

Population. The population of interest is older adults without MCI or dementia in 

the US.  

Participants. The participants were community-dwelling English-speaking older 

adults without MCI or dementia who resided in Miami-Dade County in Florida. 
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Eligibility. According to Mody and colleagues (2008), older individuals are 

oftentimes under-represented in clinical research due to modifiable and non-modifiable 

barriers associated with participation in studies. The authors recommend that scholars 

utilize less stringent inclusion and exclusion criteria when it comes to older adults in 

order to maximize the sample’s representativeness of the target population. In the present 

study, the decision was made not to limit the dyads to married couples (as in Margrett & 

Willis, 2006 study) since females tend to outlive males, which would potentially exclude 

many female participants. The dyads were expanded to family members, relatives, 

friends, or neighbors, as long as they had no difficulty meeting on the regular basis (i.e. 

transportation issues or space limitations). The inclusion and exclusion criteria were as 

follows: 

Inclusion criteria. 

a) Aged 65 years or older  

b) English-speaking 

c) Have adequate English reading skills (see Measures section below). 

d) Live independently in the community. 

e) Interested in participating in the study. 

f) Available for the duration of the study. 

g) Able to meet with partner twice a week for 12 weeks. 

h) Have space adequate for assessment and cognitive training (e.g., desk or table with at 

least two chairs, minimal distractions). 
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Exclusion criteria. 

a) History of Mild Cognitive Impairment, Alzheimer's disease, Parkinson's disease, 

Multiple Sclerosis, or other conditions that cause dementia or cognitive impairment. 

b) History of acute medical, neurological, or psychiatric condition such as stroke, cancer, 

or substance abuse within the previous year that is not medically managed or in 

remission. 

c) History of moderate or severe traumatic brain injury, brain surgery, or other conditions 

that may affect cognitive functioning (based on the screening interview). 

d) Symptoms of moderate or severe depression (see Measures section below). 

e) Significant sensory-motor deficits or functional limitations that may impair hearing, 

ability to read and write, or ability to sit at a table (based on the screening interview). 

f) Evidence of significant cognitive deficits as determined by extremely low scores on 

measures of global cognitive status and specific cognitive functions (see Measures 

section below). 

g) Previous participation in a research study or a community or clinic-based program 

involving cognitive training. 

h) Participation in a research study or clinical evaluation that included 

neuropsychological assessment within previous 2 years. 

Sample size. Power analysis was performed using G-Power (Faul, Erdfelder, 

Lang, & Buchner, 2007) to estimate the number of participants required to address 

Research Question 4 (change in the participants’ scores on the outcome measures from 

pre- to post-intervention). According to the power analysis for T-Test family, same 

subject design, 19 participants are needed in order to achieve power of 80% with medium 
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effect size of 0.7 and significance level set at 0.05 (two-tailed). Since an even number of 

participants are required for the dyadic format of the study, it was estimated that 20 older 

adults (10 dyads) would be needed to evaluate Research Question 3 (differences from 

pre- to post-intervention assessment).  

Tests and Measurements 

 The participants underwent pre- and post-intervention assessment. Information 

with regard to validity and reliability of the measures employed in the study is provided, 

where available. It is recommended that researchers include limited number of measures 

of relatively short duration when dealing with older adults in order to reduce fatigue and 

frustration and improve recruitment and retention rates of older participants (Mody et al., 

2008). Thus, assessment included only those measures that were necessary for screening 

and addressing the research questions in the study. Where applicable, permissions to use 

the measures are provided in Appendix 1. The description of screening, cognitive, and 

self-report measures are described below. 

Screening measures.  

Slosson Oral Reading Test- Revised. Because the dyadic intervention is self-

administered and relies heavily on the participants’ reading ability, it was important to 

include a measure of English language proficiency in the study. Slosson Oral Reading 

Test Revised, 3rd Edition (SORT-R3; Slosson & Nicholson, 2002, Appendix 2) was 

administered as part of the screening process to ensure that the participants were able to 

read and understand training materials and instructions. This measure includes 200 words 

arranged in groups of 20 words of increasing difficulty and takes 3-5 minutes to 

administer. The age and grade-equivalent norms are based on a nationally representative 
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sample of children and adults, with an additional category for Hispanic-Americans, 

Asian-Americans, Pacific Islanders, and other ethnic groups whose primary language is 

English. Concurrent validity of SORT-R3 with achievement tests is reported as .90 and 

higher (Slosson & Nicholson, 2002). Individuals were required to have the reading level 

of at least 8th Grade based on the norms included in the scoring manual. Permission to use 

this measure was provided by Slosson Educational Publications via personal email 

communication (see Appendix 1).  

Mini-Mental State Examination. Mini-Mental State Examination (MMSE; 

Folstein, Folstein, & McHugh, 1975; Appendix 3) was used to evaluate individuals' 

global cognitive status and exclude participants who potentially have pathological forms 

of cognitive decline such as MCI or dementia. It is a brief measure widely used in 

research and includes items of orientation to time and place, memory, and visual and 

auditory information processing. According to Mitrushina & Satz (1991), the reliability 

of MMSE is .45-.50, while the validity is not reported and correlations with similar 

measures are described as high. It has become a common practice in cognitive training 

studies to include MMSE (Papp et al., 2009), with cut off scores ranging from 22 to 26 

(e.g., Willis et al., 2006, Smith et al., 2009). Based on these studies, the decision was 

made to use the middle value of 24 as the cut-off score. Thus, in order to qualify for the 

study, individuals had to have an MMSE score of 24 or above. MMSE is provided free of 

charge by The Hartford Institute for Geriatric Nursing, Division of Nursing, New York 

University and can be used for not-for-profit educational purposes without a written 

permission or license (see www.hartfordign.org).  
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Patient Health Questionnaire (depression). A measure of depression was 

included since depression has been found to be related to cognition in older adults 

(Kohler et al., 2010; Plassman et al., 2010). Depression was assessed by the Patient 

Health Questionnaire (PHQ-9; Kroenke & Spitzer, 2002; Appendix 4). This instrument 

includes 9 items asking how many days a participant felt a certain way over the past two 

weeks, and one question assessing difficulty dealing with any of the identified issues in 

daily life. Such domains as loss of interest, sadness, sleep and appetite disturbances, 

psychomotor changes, fatigue, and suicidal ideation are included. The scores range from 

zero to 27, with higher scores indicating higher level of depression. The 10th question is 

not included in the final score calculation. According to the instrument manual (Kroenke 

& Spitzer, 2002), the scores of 15 or above point to moderately severe- to severe 

depression. Thus, the score of 15 was the cut-off score in the study. Reliability for this 

instrument is reportedly .86-.89, with sensitivity of 88% and specificity of 88% for major 

depression. Test-retest reliability and construct validity are reported as excellent, and 

correlation between self- and examiner-administered surveys is .84 (Kroenke, Spitzer, & 

Williams, 2001). PHQ-9 is available in the public domain and does not require a 

permission to be reproduced and used (see https://phqscreeners.pfizer.edrupalgardens. 

com/sites/g/files/g10016261/f/201412/instructions.pdf).  

 Cognitive measures. The following cognitive tests are widely used in research 

and practice settings and have been employed in previous studies on cognitive training in 

older adults (e.g., Cheng et al., 2012; Mozolic et al., 2011; Rose et al., 2015; Smith et al., 

2009). 
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Stroop Color and Word Test. The Stroop Color and Word Test includes three trials 

and assesses cognitive flexibility/inhibition, in addition to attention and processing speed 

(Golden & Freshwater, 2002; Appendix 5). In the first trial, Word Reading, the participant 

is instructed to read a list of simple words (red, blue, and green) printed in black ink on a 

sheet of paper as fast as possible. In the second trial, Color Naming, the participant is 

instructed to name the color of the ink in a list of  “XXXX”s printed in different colors as 

fast as possible. In the third trial, Color-Word, a list of the words including “red,” 

“green,” and “blue” is presented on a page, but each word is printed in ink different from 

the color that it describes. The examinee is required to name the color of the ink for each 

word. Each trial has a 45-second time limit, and the measure takes several minutes to 

administer. The reliability of Stroop Color-Word Test is reportedly between .83 and .91, 

and validity is indicated as high (Spreen & Strauss, 1998). Permission to use Stroop test 

was provided via personal email communication by Dr. Katherine Genseke, Product 

Manager for Psychological and Special Education Materials, Stoelting (see Appendix 1). 

Trail Making Test. The Trail Making Test (TMT) from the Halstead Reitan 

Neuropsychological Battery (Reitan & Wolfson, 1993; Appendix 6) is another measure of 

executive functioning that also requires the use of visuomotor ability with eye-hand 

coordination. It assesses visual attention, processing speed, sequencing, and working 

memory/cognitive flexibility. In Part A (TMT A), participants are presented with a sheet 

of paper that has digits printed in a random arrangement. They are asked to use a pencil 

and connect digits in ascending order with straight lines as fast as they can. In Part B 

(TMT B), both digits and letters are printed randomly on a page, and the individuals are 

requested to do the same while alternating between digits in ascending order and the 
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letters in alphabetical order. TMT typically takes several minutes to administer. The 

reliability of TMT-A is .79 and TMT-B is .89 (Reitan & Wolfson, 1993). Permission to 

use TMT (with qualifying purchase) was provided by the publisher, The 

Neuropsychology Center, via personal email communication (see Appendix 1).  

Repeatable Battery for the Assessment of Neuropsychological Status- Update. 

Repeatable Battery for the Assessment of Neuropsychological Status- Update (RBANS-

U; Randolph, 2012; Appendix 7) is used to evaluate core cognitive functions in 

individuals 12-90 years of age. It is comparable to its original version (Randolph, 1998) 

and includes 12 subtests that take about 30 minutes to administer. The subtests assess five 

domains: Immediate memory (List Learning and Story Memory subtests), 

Visuospatial/Constructional (Figure Copy and Line orientation subtests), Language 

(Picture Naming and Semantic Fluency subtests), Attention (Digit Span and Coding 

subtests), and Delayed Memory (List Recall, List Recognition, Story Memory, and Figure 

Recall subtests). RBANS-U produces standardized subtest and domain scores, as well as 

the Total cognitive functioning score. This measure includes four alternate equivalent 

forms, and the participants in the study were administered two different forms at pre- and 

post-intervention assessment in order to address potential practice effects. Based on a 

sample of 631 older adults without neurological conditions, Cronbach’s alpha for 

RBANS indices is .86, with intercorrelations ranging from .25 to .79 (Gontkovsky, 

Beatty, & Mold, 2004). Test-retest reliability between RBANS forms A and B (test-retest 

interval 1-134 days) was reported as .77 for healthy adults (N = 99) and .84 for 181 

patients with schizophrenia (Wilk et al., 2002). Permission to use RBANS-U was 
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provided by the publisher, Pearson Assessments (San Antonio, TX) via personal email 

communication (see Appendix 1). 

A summary of cognitive measures and the functions that they assess is presented 

in Table 1. 

 

Table 1. 

Description of Cognitive Functions and Corresponding Measures. 

Cognitive Domain Measure (Cognitive Function) 

Verbal Memory RBANS-U List Learning (immediate memory) 

RBANS-U Story Memory (episodic/narrative memory, immediate) 

RBANS-U List Recall (delayed memory) 

RBANS-U List Recognition (delayed memory) 

RBANS-U Story Recall (episodic/narrative memory, delayed) 

 

Language RBANS-U Picture Naming (long-term recall, general knowledge) 

RBANS-U Semantic Fluency (long-term recall, general knowledge) 

 

Visual Memory RBANS-U Figure Recall (figural memory, delayed, visuomotor) 

 

Visuospatial Skills RBANS-U Figure Copy (visuomotor) 

RBANS-U Line Orientation (visuospatial reasoning) 

 

Executive Functions 

(Information processing, 

Attention,  

Working Memory, 

Cognitive Flexibility) 

RBANS-U Digit Span (attention, working memory, auditory) 

RBANS-U Coding (attention, working memory, visuomotor) 

Stroop Word (processing speed, verbal) 

Stroop Color (processing speed, visual) 

Stroop Color-Word (multitasking, response inhibition, visual) 

Trail Making Test A (attention, visuomotor) 

Trail Making Test B (attention, sequencing, multitasking, visuomotor) 
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Self-report measures. 

World Health Organization Quality of Life- Older Adult. Quality of life was 

evaluated using a measure developed by the World Health Organization (WHO, 2006) for 

older adults, WHOQOL-OLD (Appendix 8). This measure consists of 24 items that 

assess six facets including Sensory Abilities, Autonomy, Activities, Social Participation, 

Death and Dying, and Intimacy. The measure also provides the Total quality of life score. 

Internal consistency is reported as .72-.88 for facets and .89 for the Total score (WHO, 

2006). A copy of WHOQOL-OLD and the permission to use it was provided by Donald 

Bushnell, Associate Director, Health Research Associates, Inc. (see Appendix 1). 

Research and Development 36-Item Short-Form Health Survey. Research and 

Development (RAND) 36-Item Short-Form Health Survey (RAND SF-36; Ware & 

Sherbourne, 1992; Appendix 9) was used to evaluate overall health. It includes 36 items 

related to different aspects of individuals' health. The results provide eight scaled scores 

(Physical Functioning, Role Limitations due to Physical Health, Role Limitations due to 

Emotional Problems, Energy/Fatigue, Emotional Well-Being, Social Functioning, Pain, 

and General Health). Reliability for RAND SF-36 scales is reported as .78 - .93. This 

measure is available in the public domain free of charge (http://www.rand.org/health/ 

surveys_tools/mos/mos_core_36item_survey.html), and the authors state that no written 

permission or license is required to use the instrument (see http://www.rand.org/health/ 

surveys_tools/mos/mos_ core_36item_terms.html).  

Bayer Activities of Daily Living. Bayer Activities of Daily Living (B-ADL; 

Hindmarch, Lehfeld, de Jongh, & Erzigkeit, 1998; Appendix 10) is a caregiver report that 

includes 25 items assessing individuals’ ability to perform daily tasks and engage in self-
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care and IADLs. Its internal validity is reported as .98 (Choi et al., 2003; Folquitto et al., 

2007). B-ADL also showed high test-retest reliability (Choi et al., 2003) and was found to 

effectively discriminate between healthy older adults, those with mild dementia, and 

those with moderate dementia (Folquitto et al., 2007). A copy of B-ADL and the 

permission to use it was provided by one of the authors, Dr. Hartmut Lehfeld (Nürnberg, 

Germany) via personal email communication (see Appendix 1). Although this measure 

was designed as an informant report, it can also be administered as a self-report measure 

of IADL, which has been the case in some studies (e.g., Pusswald et al., 2015). All 

participants were administered the measure as a self-report, while the spousal dyads were 

administered both the self-report and caregiver report pertaining to their spouse. 

Intervention  

Setting, frequency, and duration. Cognitive training intervention was designed 

to be self-administered at home, but other locations convenient for participants were also 

acceptable. The key feature of cognitive training was coaching and turn-taking, where the 

participants took turns training one another for 30 minutes each during every 1 hour-long 

session. The older adults did not collaborate on tasks; rather, they acted as facilitators of 

cognitive training for one another and checked each other’s accuracy, which was also 

expected to contribute to the cognitive stimulation in the intervention. The intervention 

was designed to take place twice a week for 12 weeks, with a total of 24 sessions. The 

days and times of sessions were based on participants’ schedules and preferences.  

Materials. Each pair received a shopping bag with a 30-minute hourglass sand 

clock, writing utensils, and the Brain Training manual. 
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Manual. The Brain Training manual was developed for the study and has not 

been previously used. The pages in the manual were printed in color on 3-hole punched 

paper and divided into two large binders (287 and 218 pages each, approximately 350 

tasks total). The manual was designed to be shared by each dyad, so that the participant 

who is the trainer first had the manual for 30 minutes, and then passed the manual to 

his/her study partner who then became the trainer. During each session, the dyad 

continued where they previously finished. After switching roles, the trainer continued 

with the next task in the manual, as opposed to going back and repeated the tasks. Thus, 

none of the tasks were repeated among the participants in the dyad and older adults were 

presented with unique exercises during each session.  

The manual began with a Log Sheet and a description of how to use the manual 

(Appendix 11), followed by the tasks. The Log Sheet included information for each 

session, such as who was the trainer first, session date and time, and pages in the manual 

completed during the session for each person.  

Sources. The tasks were selected from two sources, Workbook of Activities for 

Language and Cognition (WALC; Tomlin, 2002) and Visual Processing module from the 

Brainwave-R series (Malia, Bewick, Raymond, & Bennett, 2002). Permissions to use 

these sources were obtained from publishers via personal email communication (see 

Appendix 12).  

1) WALC-2: Cognitive Rehab book from the WALC series (Tomlin, 2002) is used 

to improve neurocognitive functioning in individuals over 14 years of age who have 

suffered a stroke, head injury, or other neurological impairment. This workbook contains 

exercises of varying difficulty targeting different neurocognitive deficits, including those 
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in attention/ concentration, processing speed, and abstract reasoning, among others. Even 

though it was developed for clinical populations, the tasks of higher difficulty level can 

be applied to healthy older adult population. 

In terms of prior research, it appears that this resource has not been previously 

used in intervention studies focusing on healthy older adults. However, a recently 

published feasibility and efficacy study on cognitive training for patients with 

Alzheimer’s disease (Kanaan et al., 2014) used exercises from WALC Cognitive Rehab 

(Tomlin, 2002), among other workbooks by the same author. In this study, a combined 

computerized and paper-and-pencil cognitive training program was evaluated in a sample 

of 21 adults with early stages of Alzheimer’s disease. The program targeted attention and 

memory and was highly intensive, with 4-5 hours of cognitive training per day, five times 

a week over a 2-week period. The training took place onsite and was administered 

individually. Outcome measures included standardized measures of logical memory, 

verbal fluency, and executive functioning, as well as the directly trained computer-based 

tasks. Assessment took place before and after the training and at 2-month and 4-month 

follow-ups (Kanaan et al., 2014).  

The results confirmed feasibility of the study, as only one participant had to 

reschedule two of the training days (Kanaan et al., 2014). With regard to cognition 

scores, absence of decline or improvement was seen on all standardized measures at post-

intervention and follow-up assessments, with the exception of one of the two verbal 

fluency measures (category fluency), which declined. Effect sizes were not provided in 

the published report. Although this study utilized tasks from WALC Cognitive Rehab and 
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other resources, detailed information about the specific use of WALC was not available 

in the article (Kanaan et al., 2014). 

  2) Brainwave-R series: Cognitive Strategies and Techniques for Brain Injury 

Rehabilitation (Malia et al., 2002) include numerous paper-and-pencil exercises for 

individuals who sustained head injury, but are also suitable for healthy older population. 

This program contains exercises of varying difficulty targeting different cognitive 

domains. In the present study, only the Visual Processing module was used.  

Based on the literature search, Visual Processing module from Brainwave-R also 

has not been employed in healthy older adults. However, exercises from several 

Brainwave-R modules were adapted for use in a Japanese feasibility study (Yamamoto-

Mitani, Matsuoka, & Fujii, 2007) on home-based cognitive rehabilitation for older adults 

with cognitive impairment due to traumatic brain injury or subarachnoid hemorrhage, or 

those attending memory clinics. The workbooks from Brainwave-R series were selected 

individually based on each participant’s deficits. Nine participants and their families 

received training on how to use the workbooks and were instructed to engage in cognitive 

rehabilitation 30-60 minutes five days a week for eight months (Yamamoto-Mitani et al., 

2007). 

Six of the nine older adults completed the study, with age ranging from 59 to 78 

years (Yamamoto-Mitani et al., 2007). Research staff provided assistance and support via 

home and clinic visits, as needed. Neuropsychological tests were administered before and 

after the intervention, and four months into intervention. The results showed that the 

participants did not decline on measures of executive function and everyday memory, and 

demonstrated improvement on measures of attention (Yamamoto-Mitani et al., 2007). It 
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appears that the only other study that utilized Brainwave-R series evaluated cognitive 

rehabilitation in patients with schizophrenia and used Executive Functioning module of 

the Brainwave-R (i.e., Davalos, Green, & Rial, 2002).  

Task adaptation. The Brainwave-R (Malia et al., 2002) and WALC (Tomlin, 2002) 

workbooks were originally designed to be administered by a trained professional, so the 

tasks were adapted for use by older adults in the dyadic, self-administered format. The 

selected tasks from these sources were scanned or retyped into a PowerPoint document. 

Some exercises were divided into several tasks in order to shorten them and increase task 

variety during each session. Instructions were adapted or created for dyadic use and 

placed at the top of each task. Every task began on a new page. Different colors were also 

used to make the manual user-friendly. Each task began with instructions for the trainer in 

gray, followed by the instructions that the trainer was to read to his/her study partner, 

typed in blue. Correct answers were added for certain tasks in green, so that the 

participants could check each other’s accuracy or give each other hints or clues. Finally, 

the tasks were arranged to alternate the targeted cognitive domains, as well as verbal vs. 

visual content in order to avoid redundancy. The tasks were also arranged to increase in 

difficulty throughout the two binders.  

Some exercises required the trainer to read the task out loud and ask questions, 

while others required the trainer to give the labeled Worksheet to his/her study partner to 

work on. In such cases, the worksheet always followed the task and the trainer was 

instructed to tear the Worksheet page out of the binder and give it to his/her study partner. 

The participants were requested to keep the used worksheets in the back of the manual. 
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Functions targeted. The intervention targeted verbal memory, language, 

reasoning, and visual processing. Importantly, none of the intervention tasks were the 

same as the measures included in the cognitive assessment. 

1) Verbal memory. Verbal memory exercises included tasks of verbal working 

memory, where the participants were required to listen to several items (numbers or 

words) and manipulate that information by naming the largest number, reversing the 

order of items, or naming the word that did not belong with the others. The tasks also 

targeted episodic verbal memory, as the participants were instructed to listen to a short 

story or a paragraph on general knowledge and then answer questions about that story or 

paragraph. Long term memory was trained by participants having to recall several US 

presidents, wars, or famous actors. Examples of verbal memory tasks are provided in 

Appendix 13. 

2) Language. Language training focused on verbal comprehension (following 

directions, repeating statements, etc.) and verbal fluency (telling different meanings of 

the same word, such as “mark,” “clip,” “bat,” etc., naming a word from a specific 

category starting with a certain letter, etc.). The participants were also required to identify 

words with missing letters and unscramble sentences by putting words in correct order.  

See Appendix 14 for examples of language tasks. 

3) Reasoning. An example of a reasoning task was listening to clues about 

different characters and then filling out a table about the characters using deduction and 

elimination. Other examples were tasks that involved arranging steps of a process (such 

as cooking) in the correct order, thinking of ways to improve something, completing 

analogies, and guessing what the key word is based on clues. Also, the participants were 
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required to imagine the same situations from the perspective of different characters and 

identify differences and similarities among two similar objects. See Appendix 15 for 

examples. 

4) Visual processing. Visual processing tasks focused on visual processing speed 

and visual attention and scanning, such as searching for a letter or a number among lines 

of mixed letters/numbers, searching for letters among a string of letters that also appear in 

a key word, decoding a message represented by flag signals, or finding matching shapes. 

See Appendix 16 for examples of visual processing tasks. 

Procedure 

 Institutional review. The study was submitted for a full review to the Florida 

International University Institutional Review Board (IRB) and was approved. The 

researcher and the principal investigator successfully completed the Collaborative 

Institutional Training Initiative (CITI) Program course on protection of human subjects 

(CITI Program, 2015).  

Expert panel. The expert panel included three neuropsychologists with doctoral 

degrees in psychology (Ph.D./Psy.D.) who each had 5-15 years of practicing experience 

in neuropsychology, including cognitive assessment and cognitive training. The panel 

reviewed the Brain Training manual in detail and provided feedback on how the manual 

could be improved. The comments and suggestions included clarifying the instructions 

and formatting, changing the content, and providing correct answers. The manual was 

modified based on the expert panel’s feedback.  

Test trial. An older married couple (both 60 years old) whose first language was 

not English participated in the test trial of the manual. The session simulated Session 1 of 
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the intervention, the only cognitive training session facilitated by the researcher. The 

couple was instructed on how to use the Log Sheet and administer the tasks to one 

another. The couple was encouraged to mention anything that was not clear or confusing. 

The participants had several comments regarding the instructions in the manual, which 

were modified accordingly. The test trial also provided information regarding the 

approximate number of tasks needed for each session. 

Participant recruitment. Participant recruitment took place between May 2015 

and October 2015. Recruitment took longer than expected due to seasonal and location- 

related factors: many individuals travel during the summer months when recruitment took 

place or are “snowbirds” (live in the North-East during the summer and come back to 

Florida during the colder months). Additionally, many older adults in Miami area are 

Spanish-speaking and are not fluent in English.  

IRB- approved flyers (Appendix 17) with information about the study and 

researcher contact information were placed in Miami, FL area public libraries, low 

income senior housing buildings, community and health centers, and senior centers (with 

permissions from administrators). The study was also advertised on Miami-Dade 

Craigslist website, in the “Events” and “Volunteers” sections. In addition, the researcher 

made presentations on cognitive vitality and aging at a local community center and a 

retirement community building, followed by an invitation to participate in the study. A 

total of 57 individuals expressed interest in the study over the phone, email, or in person. 

Pre-screening. Interested individuals contacted the researcher by phone, email, or 

in person following the presentation. They were provided with a verbal or written 

description of the study and asked several questions related to eligibility criteria (age 65 
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or older, English language fluency, having a study partner, etc.). The main reasons for not 

enrolling in the study were not being fluent in English, age under 65 years, not having a 

study partner, not being available for the duration of the study, absence of monetary 

compensation, and misunderstanding the information on the flyer.  

Due to difficulty with recruitment, during the pre-screening stage the eligibility 

criteria were expanded to include an individual under the age of 65 (a 64-year old 

individual who was highly interested in participating but discontinued immediately after 

the pre-intervention assessment), and an individual on cognitive medication in the 

absence of neurological diagnosis. Also, several participants were highly interested in 

enrolling but did not have a study partner. They inquired whether they could be paired up 

with another older adult who did not have a study partner, and two pairs of participants 

were connected by the researcher. As a result, out of 57 individuals who inquired about 

the study, 22 (11 dyads) enrolled in the study and underwent screening and pre-

intervention assessment.  

The 22 participants were recruited from a variety of sources, as presented in Table 

2. Flyers placed in public libraries and a senior center and in-person presentations on 

cognitive vitality led to the enrollment of most participants. Flyer placed in a coffee shop, 

an online advertisement, and referral by an existing participant resulted in enrollment of 

fewer participants. Following pre-screening over the phone, screening/testing sessions 

were scheduled with individuals who were interested and eligible to participate. 
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Table 2. 

Recruitment Sources. 

Recruitment Source Number of Dyads 

Public libraries (flyers) 3 

Senior center (flyers) 2 

Retirement community (in person, following presentation) 2 

Community center (in person, following a presentation) 1 

Coffee shop (flyers) 1 

Online community advertisement (CraigsList) 1 

Snowball (referred by existing participants) 1 

Total 11 

 

Screening and pre-intervention assessment. Screening and pre-intervention 

assessment sessions were one-on-one and took 1-1.5 hours. These sessions took place at 

locations of participants’ choice, including their home, library, or senior center. If the 

dyad were a married couple, one of the spouses waited in another room while the other 

one was being screened and tested. At the beginning of the screening and pre-test session, 

the participants were presented with the Informed Consent Form (Appendix 18) and 

provided study description verbally. The researcher went over each section of the consent 

form with the participants and addressed any questions or concerns. The participants 

were offered a copy of the consent form for their records. After signing the consent form, 

the researcher proceeded to asking screening/demographic questions (Appendix 19) and 
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administering screening, cognitive, and self-report measures, as previously described in 

the Measures section.  

Intervention. Session 1 of the intervention either followed the pre-intervention 

assessment immediately or was scheduled on a different day, depending on the 

participants’ preferences. Session 1 was facilitated by the researcher and included both 

participants in the dyad. The session began with presenting the participants with materials 

including the manual, the sand clock, and writing utensils. The researcher demonstrated 

how to use the Log Sheet and encouraged the participants to schedule sessions on the 

regular basis and reschedule missed sessions. The participants were also asked to not 

have sessions two days in the row and allow at least one day between the sessions during 

any given week. The researcher showed the study partners how to administer tasks to one 

another, read the color-coded instructions, provide clues or correct answers, and how and 

when to take turns. The participants were encouraged to be patient and not competitive 

with one another, and to give each other positive feedback and encouragement. They 

were also asked to skip the task if it was too frustrating or was taking too long.  

After Session 1 of the intervention, each dyad continued meeting on their own and 

the researcher kept in touch by phone or email. The cognitive training locations included 

home, senior center, conference room or common area of the building where the 

participants resided, and a coffee shop. When the dyads finished the first binder of the 

manual, the researcher met with participants and gave them the second binder of tasks. 

After the participants were finished with their Brain Training sessions, Post-Test 

Assessment and Interviews were scheduled. 
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Post-intervention assessment. Post-intervention assessment was individual and 

included the same cognitive and self-report measures as the pre-intervention assessment. 

The screening measures of depression (PHQ-9) and cognitive status (MMSE) were re-

administered at post-test. Post-intervention testing sessions took about 40-50 minutes and 

were conducted individually at locations of participants’ choice (home, library, coffee 

shop). If the dyad was a married couple, one of the participants waited in the other room 

while the other one was being tested.  

Post-intervention interviews. Post-intervention interviews were also one-on-one 

and took place immediately after the post-test assessment. The interviews were semi-

structured (see Appendix 20) and took between 15 and 25 minutes. The questions focused 

on the participants’ experience with the intervention and their opinions about its 

frequency and duration, the dyadic format, instructions and format of the manual, and the 

content of the training. 

Incentives. No monetary compensation was provided to participants. At the end 

of the pre-intervention and post-intervention assessment sessions, the participants were 

offered to pick an item or two from a basket of small gifts, which included candles, 

coasters, picture frames, cosmetics, chap sticks, and other inexpensive items. 

Data collection and processing. Each participant was assigned a code. The codes 

were used on all screening and assessment measures. The consent forms were stored 

separately from the measures and the codes were blacked out with a black marker so that 

the codes could not be connected with participant names in consent forms. The 

assessment instruments were administered in the paper-and-pencil format and scored 

manually. The scores and demographic information were entered into a password-
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protected Microsoft Excel spreadsheet, and then transferred into an IBM SPSS 21 (IBM 

Corporation, 2012) file without identifying information for coding and statistical 

analyses. The computer used for data entry and processing was password-protected. 

All test scores and several demographic variables were entered as continuous 

variables. Categorical variables included gender, ethnicity, marital status, residential 

status, employment status, and dyad type. All variables were checked for normality and 

outliers, and parametric tests were supplied by nonparametric tests when the assumptions 

of normality or assumptions of parametric tests were violated. T-Tests have been 

demonstrated to be robust in extremely small samples and when assumptions are violated 

(De Winter, 2013). T-Tests were used to address Research Question 3 (pre-post changes 

in outcome measures) and supplied by Mann-Whitney test for independent groups or by 

Wilcoxon test for paired samples. Pearson’s correlations were supplied or replaced by 

Spearman’s correlation based if the distribution of a variables was not normal. P-value 

was set at .05 and confidence intervals were set at 95 percent, with effect sizes calculated 

where applicable. Bonferroni correction was applied for multiple comparisons. 

Post-intervention interviews were audio-recorded using two digital recorders. The 

interviews were transcribed into Microsoft Word documents without identifying 

information and transferred into ATLAS.ti software (ATLAS.ti Scientific Software 

Development, 2014) for coding and theme analysis. The first interview was coded freely, 

which resulted in a number of codes. With each consecutive interview, the same codes 

were used or new codes were created and added as needed. After several interviews, it 

was possible to assign the codes to code families and derive a number of themes. After 

the coding process, codes, code families, and themes were revised to avoid redundancy.  
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IV. RESULTS 

Sample 

Participant screening. All participants performed above the cut-off score of 24 

on a brief measure of cognitive status (MMSE). Several participants who read one or 

several words incorrectly as part of the 8th grade-level English proficiency screening 

(SORT-3). Also, one participant scored in the severe range on a measure of depression 

(PHQ-9), but when asked, denied having depression or suicidal ideation and reported 

being monitored by a psychologist (no anti-depressant medication was prescribed). 

Lastly, several participants had cognitive measures administered within previous 1-3 

years as part of medical research studies, but stated that none of the tests administered 

during pre-intervention assessment appeared to be the same as the ones they had 

previously taken. Despite these factors, none of the participants were excluded from the 

study due to difficulty recruiting and since external validity takes precedence over 

internal validity in feasibility research (Rounsaville & Carroll, 2001). 

Demographic characteristics. The sample (N = 18) was not well-balanced in 

terms of demographic characteristics, as majority were female (N = 12; 67%) and 

Caucasian (N = 15; 83%). Two of the participants were Latino and one was African-

American. The age ranged from 65 to 91 years (M = 75.94, SD = 7.66), and the average 

education was above college-level (M = 16.94 years, SD = 2.01, range = 14-20). Nine of 

the participants were married, five were divorced or separated, three were widowed, and 

one was single. The majority of the participants resided either with their spouse (N = 9) 

or by themselves (N = 8), and one resided with a roommate. Twelve (67%) older adults 

were retired, five (28%) were still employed or self-employed, and one (6%) was a 
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homemaker. Fifteen (83%) of the participants were native English speakers. As seen in 

Table 3, the majority of dyads were familiar adults, and one pair consisted of unfamiliar 

adults. All four spousal dyads consisted of a male and a female, while all non-spousal 

dyads consisted of participants of the same gender (one male pair and four female dyads). 

 

Table 3. 

Dyad Types. 

  

Dyad Number of Dyads (dropped-out) Gender 

Spouses                       4 (1) M & F (all) 

Friends                       2 M & M, F & F 

Neighbors                       2 (1) F & F (all) 

Unfamiliar                       1 F & F 

Total                       9  

Note. M = male; F = female. 

 

Participant retention. Simple percentage calculations were performed to address 

Hypothesis 1.1 (predicted 20 percent attrition rate). Out of 11 dyads that underwent pre-

intervention assessment, two dyads discontinued immediately. The first dyad were 

unfamiliar older adults connected by the researcher. They spoke on the phone but never 

met in person. One of these participants was concerned about their age difference, 

difference in retirement status, and the fact that they lived far from one another. The 

second dyad were neighbors residing in the same building, and one of the participants 

withdrew due to health issues and a language barrier as her first language was Spanish, 
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while her neighbor was a native English speaker. Both older adults in the first dyad and 

the native English speaker in the second dyad requested to be connected with another 

study partner, but the researcher was unable to find a different study partner for these 

individuals. 

Out of nine dyads that began intervention, two dyads dropped out of the study 

after several sessions of Brain Training (attrition rate of 22 percent). One dyad was a 

married couple who had to discontinue due to one of the spouse’s health problems. The 

other dyad were neighbors residing in the same retirement community and one of the 

participants passed away. The flow chart for study participants is presented in Figure 2. 

 

Figure 2. 

Study Flow Chart. 

57 individuals interested 

 

 

22 (11 dyads) underwent 

pre-intervention assessment 

 

 

18 (9 dyads) began 

intervention 

 

 

14 (7 dyads) completed  

post-intervention assessment  
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After excluding the four cases, sample (N = 14) characteristics remained relatively 

unchanged (age M = 74.36, SD = 7.11, range = 65-87; education M = 17.00, SD = 2.18, 

range = 14-20). Nine participants were female, five were male, 11 were Caucasian, two 

were Latino, and one was African-American. Seven individuals were married and seven 

were single, widowed, divorced, or separated, and four older adults were still employed.  

Participant adherence. Again, simple percentage calculations were performed to 

evaluate Hypothesis 1.2 (adherence rate of 80 percent). During the course of the 

intervention, two of the dyads requested to finish the intervention early due to high 

participant burden (frequency and duration) and some redundancy of the tasks. One of 

these dyads were neighbors and the other one were unfamiliar participants who 

completed 12 and 9 sessions, respectively. It became apparent that there were not enough 

tasks for 24 sessions, as one dyad (married couple) moved very fast through the tasks and 

completed all of them in 13 sessions, while another dyad (friends) completed all tasks in 

21 sessions. Another dyad (friends) were running out of tasks and despite the researcher’s 

recommendations to complete as many sessions as it took to finish the tasks, they decided 

to use fewer tasks per session to ensure that they completed all 24 sessions.  As a result, 

their sessions were less than an hour long towards the end of the intervention. The 

resulting number of sessions for the sample ranged from 9 to 24 (M = 15.14, SD = 5.30), 

and the duration of intervention ranged from 4 to 21 weeks (M = 12.21, SD = 5.44).  

It is worth noting that although the eligibility criteria included absence of 

neurological or cognition-related cognition, due to difficulty recruiting one participant 

was enrolled despite being on cognitive medication (daily patch Exelon) over the 

previous 7 years. The medication was prescribed due to the participant’s self-report of 
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mild decline in the absence of a MCI or dementia diagnosis. Another participant was 

diagnosed with a brain tumor and operated on shortly after completing the study.  

Statistical Analyses 

Statistical analyses were performed using IBM SPSS, 21st edition (IBM 

Corporation, 2012). Confidence intervals were set at 95%, with significance value p = 

.05. Bonferroni correction was employed for multiple comparisons (Field, 2013). Effect 

sizes were represented by r values for Pearson’s and Spearman’s correlation, Mann-

Whitney Test, and Wilcoxon Test, with conventional values of .1, .3, and .5 representing 

small, medium, and large effect size. For T-Tests, Cohen’s d was used, with conventional 

values of .2, .5, and .8 representing small, medium, and large effect size (Cohen, 1969).  

Partial eta squared, defined as the proportion of variance explained by a variable 

when excluding other variables (Field, 2013), was used for F-tests. Because partial eta 

squared values are typically inflated compared to eta squared values (Morris & Fritz, 

2013), conventions for eta squared (.01, .06, and 1.14 representing small, medium, and 

large effect size, Cohen, 1973) are considered inappropriate for partial eta squared. For 

this reason, partial eta squared values were evaluated based on Morris and Fritz’ (2013) 

recommendations, who analyzed data from 224 memory studies with 2171 partial eta 

squared statistics and suggested the values of .08, .18, and .41 for small, medium, and 

large effect sizes of partial eta squared.  

Data Screening 

All data were screened for normality and outliers. Shapiro-Wilk test of normality 

demonstrated that years of education variable was not normally distributed. Among 

cognitive measures, normality assumption was violated for pre-test MMSE scores, pre-
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test RBANS-U Delayed Memory domain, post-test Visuospatial/Constructional domain, 

post-test Language domain, post-test List Learning subtest, and post-test Story Memory 

subtest scores. This was also the case when the four participants who dropped out were 

excluded from the pre-test sample. Visual examination of histograms confirmed these 

findings. Boxplot graphs revealed mild outliers on pre-test RBANS-U Language domain, 

pre-test Delayed Memory domain, and post-test TMT B. As for the self-report measures, 

nearly all scores violated the assumption of normality, as assessed by the Shapiro-Wilk 

test. Also, the majority of self-report variables were marked by mild and/or extreme 

outliers. 

Although outliers affect the mean value and inflate the standard error increasing 

the risk of type I error in parametric tests (Parker, 2006), excluding these cases from the 

analyses or modifying problematic values would be inappropriate because they are true 

representations of participant scores and because of the small sample size. For this 

reason, group median scores are included in summary tables for self-report measures in 

addition to means, as they may be more representative of the sample. Also, parametric 

tests are supplied by non-parametric tests when the analyses involve cognitive measures 

that were non-normal or had outliers, and non-parametric tests are utilized for the 

analyses of self-report measures.  

Retention and adherence variables. Analyses were performed to assess whether 

the four participants who dropped out during the course of the intervention differed from 

the rest of the sample. According to De Winter (2013), who ran numerous simulated 

analyses on small samples, One-Sample or Two-Sample T-Test has adequate power and 

error rate even in cases where samples or groups are extremely small (N ≤ 5), group sizes 
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are unequal, and/or unequal variances assumption is violated. In the light of these 

findings, Independent Samples T-Tests were performed to compare the four participants 

who dropped out to the rest of the sample.  

The results of the T-Tests demonstrated that those who dropped out did not 

significantly differ from the other participants in terms of their age, education, MMSE, 

Stroop, and TMT scores. However, the participants who dropped out scored lower on the 

RBANS-U Attention domain (dropped out M = 95.50, SD = 3.87, retained M = 108.79, 

SD = 15.13; T(16) = -2.96, SE = 4.48, p = .009, 95% CI [-22.79, -3.78]) and the Digit 

Span subtest that factors into the Attention domain (dropped out M = 7.75, SD = 1.50, 

retained M = 11.29, SD = 2.49; T(16) = -2.96, SE = 1.33, p = .017, 95% CI [-6.35, -.72]). 

The effect sizes for both variables were large, with Cohen’s d = 1.20 for the Attention 

domain and 1.72 for the Digit Span subtest.  

Additionally, it was found that individuals who dropped-out had significantly 

lower scores on RAND SF-36 Physical Functioning (dropped-out M = 30.00, SD = 17.80, 

retained M = 75.93, SD = 26.28; T(16) = -3.25, SE = 14.12, 95% CI [-75.87, -15.99], p = 

.005, Cohen’s d = 2.05). Mann-Whitney test for independent samples confirmed group 

differences for Rand SF-36 Physical Functioning (U = 4.00, Z = -2.56, p = .008). Effect 

size r for Mann Whitney test was calculated by dividing the Z value by the square root of 

the sample N (Field, 2013), which resulted in a large effect size r = -.60. 

With regard to adherence, Pearson’s correlations were performed to identify any 

relationships between number of sessions completed or the number of weeks of 

intervention and Stroop, TMT, and RBANS- U Total and domain scores (N = 14). The 

findings indicated that the number of sessions completed was significantly, negatively 
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related to Pre-Test Stroop Color (R = -.61, p = .021) and Post-Test Stroop Color scores (R 

= -.55, p = .041), pre-test RBANS-U Immediate Memory domain (R = -.73, p = .003), 

pre-test RBANS-U Attention domain (R = -.57, p = .034), post-test RBANS-U Total 

score (R = -.66, p = .011), post-test RBANS-U Immediate Memory domain (R = -.66, p = 

.010), and post-test RBANS-U Delayed Memory domain (R = -.53, p = .049). When 

correlations were performed for number of weeks of intervention, a slightly different 

pattern was observed. Weeks of intervention were significantly, negatively associated 

with pre-test Stroop Word (R = -.66, p = .010), post-test Stroop Word (R = -.66, p = 

.011), post-test Stroop Color scores (R = -.64, p = .014), pre-test RBANS-U Immediate 

Memory domain (R = -.75, p = .002), and post-test RBANS-U Language domain (R = -

.74, p = .002). 

To assess associations between numbers of sessions/ number of weeks of 

intervention and self-report measures, Spearman’s rank correlations were employed. It 

was found that larger number of sessions correlated with lower level of emotional 

functioning at pre-test (RAND SF-36 Emotional R = -.84, p = .037) and post-test (R = -

.89, p = .018), and higher level of pain at post-test (RAND SF-36 Pain R = -.89, p = 

.018). Longer duration of intervention was associated with lower post-test social 

participation (WHOQOL-OLD Social Participation R = -.91, p = .013), higher concern 

about dying at pre-test (WHOQOL-OLD Death and Dying R = -.84, p = .038) and post-

test (R = -.87, p = .026), lower post-test overall health (RAND SF-36 General Health R = 

-.84, p = .038), and lower pre-test daily functioning as reported by the spouse (B-ADL R 

= -.97, p = .001). 
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Pre-Intervention Assessment 

Cognitive measures. The analyses of pre-test scores were performed for 

exploratory purposes with N = 18 (all participants who began the intervention). Table 4 

presents descriptive statistics for the sample pre-test scores on cognitive measures, 

including minimum and maximum scores, means, standard deviations, and lower and 

upper limits of the 95% confidence interval. It should be noted that four of the RBANS-U 

subtests are scored as a percentile range (e.g., 25-50%, 0-2%, etc., as per publisher): Line 

Orientation, Picture Naming, List Recall, and List Recognition. For illustrative purposes, 

these four subtests were included in Table 4 and coded based on percentiles as follows: 

below 25% = 1, 25-50% = 2, 51-75% = 3, above 75% = 4. However, these subtests were 

excluded from parametric and non-parametric statistical analyses.  

As a group, the participants’ mean MMSE score was normal (M = 28, SD = 1.33), 

nearing the maximum score of 30. Stroop and TMT measures were scored using the 

Mayo’s Older Adults Normative Studies (MOANS) norming data (Ivnik et al., 1996), the 

most comprehensive and detailed norming report in older population with 3-year 

intervals for age groups (i.e., 66-68 years, 69-71 years, etc.) based on a nationally 

representative sample of 746 older adults. Since it is known that the population means for 

Stroop and TMT equal 10, One-Sample T-Tests were used to compare the group mean 

scores to the population mean. The results showed that relative to the population mean, 

the sample scored higher on the TMT B (M = 11.33, SD = 2.35; T(17) = 2.41, p = .028, 

95% CI [.16, 2.50]). 

In terms of the comprehensive neuropsychological battery RBANS-U, the sample 

Total score (M = 96.78, SD = 13.18) was close to the population mean of 100 and 
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standard deviation of 15. Figure 3, which presents a histogram of the participants’ Total 

RBANS-U scores, demonstrates that the distribution of scores was roughly normal. 

Domain mean scores were also generally close to the population mean of 100 and 

standard deviation of 15, with the exception of Visuospatial/Constructional domain score 

which fell nearly 10 points below the population mean and was more scattered (M = 

91.17, SD = 18.05). One-Sample T-Tests comparing RBANS-U Total and Domain 

sample means to the population mean of 100 revealed that the mean difference 

approached significance for the Visuospatial Domain (M = 91.17, SD = 18.05; T(17) = -

2.08, p = .053, 95% CI [-17.81, .14]). One-Sample T-Tests comparing sample subtest 

means to the population mean of 10 demonstrated that the participants scored 

significantly lower on the Figure Copy subtest (M = 8.00, SD = 3.22; T(17) = -2.64, p = 

.017, 95% CI [-3.60, -.40]) and Figure Recall subtest (M = 8.44, SD = 2.36; T(17) = -

2.80, p = .012, 95% CI [-2.73, -.38]). 
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Table 4. 

Descriptive Statistics for Cognitive Test Scores at Pre-Intervention Assessment. 

Measure Min. Max. M SD 95% 

Lower 

CI 

Upper 

MMSE (30 points maximum) 25 30 28.00 1.33 27.34 28.66 

Stroop Color-Word Testa       

     Word (word reading)b 6 14 10.18 2.48 8.90 11.45 

     Color (color naming) 2 13 8.56 3.00 7.07 10.04 

     Color-Word (word inhibition) 5 16 10.50 3.35 8.84 12.16 

Trail Making Testa       

     Part A (numbers only) 6 16 10.67 2.30 9.52 11.81 

     Part B (numbers and letters) 6 16 11.33 2.35 10.16 12.50 

RBANS-U       

     Total Scorec 68 126 96.78 13.18 90.22 103.33 

RBANS-U Domainsc:       

     Immediate Memory 65 129 94.56 15.74 86.73 102.38 

     Visuospatial/Constructional 66 126 91.17 18.05 82.19 100.14 

     Language 87 125 100.78 9.82 95.89 105.66 

     Attention 82 132 105.83 14.49 98.63 113.04 

     Delayed Memory 71 117 97.28 11.06 91.78 102.78 

RBANS-U Subtestsd:       

    List Learning 3 15 9.33 3.33 7.68 10.99 

    Story Memory 4 15 8.83 2.98 7.35 10.31 

    Figure Copy 2 14 8.00 3.22 6.40 9.60 

    Line Orientatione 1 4 2.39 1.29 1.75 3.03 

    Picture Naminge 1 4 2.83 .99 2.34 3.32 

    Semantic Fluency 5 16 10.00 2.87 8.57 11.43 

    Digit Span 6 15 10.50 2.73 9.14 11.86 

    Coding 7 16 11.33 2.87 9.91 12.76 

    List Recalle 1 4 2.44 1.15 1.87 3.02 

    List Recognitione 1 3 2.17 .71 1.82 2.52 

    Story Recall 5 12 9.11 2.40 7.92 10.30 

    Figure Recall 5 14 8.44 2.36 7.27 9.62 

        
Note. N = 18. Max. = maximum score; Min. = minimum score; MMSE = Mini Mental State Examination; 

RBANS-U = Repeatable Battery for the Assessment of Neuropsychological Status-Updated. 
aAge-corrected scaled scores based on population M = 10, SD = 3 (Mayo’s Older Americans Normative 

Studies, Ivnik et al., 1996). 
bN = 17 (1 missing). 
cAge-corrected index scores based on population M = 100, SD = 15 (publisher norms). 
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dAge-corrected scaled scores based on population M = 10, SD = 3 (publisher norms). 
ePercentage range rather than scaled scores are provided by publisher; these were coded as 1 = below 25%, 

2 = 25-50%, 3 = 51-75%, 4 = above 75% for illustrative purposed 

 

 

Figure 3. 

 

Frequency Distribution for the Total Score on the Repeatable Battery for the Assessment 

of Neuropsychological Status-Updated (RBANS-U). 

 

 
 

Paired-samples T-Tests on pre-test RBANS-U Total and domain scores were used 

to determine whether as a sample, the participants varied in how they function in 

different areas of cognition. Relative to their Total RBANS-U score (M = 96.78, SD = 

13.18), the sample performed significantly higher on RBANS-U Attention (M = 105.78, 
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SD = 14.49; T(17) = -4.21, p = .001, SE = 2.15, 95% CI [-13.60, -4.52]). Also, their 

Attention mean score was significantly higher than their Immediate Memory (M = 94.56, 

SD = 15.74; T(17) = -3.12, SE = 3.63, p = .006, 95% CI [-18.93, -3.62]), Visuospatial (M 

= 91.17, SD = 18.05; T(17) = -3.32, SE = 4.42, p = .004, 95% CI [-24.00, -5.34]), and 

Delayed Memory (M = 97.28, SD = 11.06; T(17) = 2.60, SE = 3.30, p = .019, 95% CI     

[-1.60, 15.51]) scores. Also, the participants scored significantly lower on the 

Visuospatial domain compared to the Language domain (M = 100.78, SD = 9.82; T(17) = 

-2.25, SE = 4.27, p = .038, 95% CI [-18.61, -.61]). Figure 4 displays sample means for the 

five RBANS-U domains, as well as lines representing the population mean and the 

sample mean.  

Because two of the RBANS-U domain scores at pre-test were marked by non-

normality and/or mild outliers (i.e., pre-test RBANS-U Language and Delayed Memory), 

the analyses were repeated using Wilcoxon’s Related Samples. The results confirmed that 

the participants’ attention skills were stronger than their delayed memory (Z = -2.77, p = 

.023, r = .65), and that their language skills were stronger than their visuospatial 

reasoning (Z = -1.98, p = .047, r = .47). The r values of Wilcoxon tests represent medium 

and large effect sizes, calculated by dividing the Z value by the square root of the sample 

N (Field, 2013). 
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Figure 4.  

 

Sample Means for the Five Domains of the Repeatable Battery for the Assessment of 

Neuropsychological Status-Update (RBANS-U). 

 

 
 

 
Note. The solid line represents the sample mean of 96.78, and the dotted line represents the population 

mean of 100. 

 

Also for exploratory purposes, bivariate Pearson’s correlations were employed to 

evaluate relationships among pre-intervention cognitive test scores, including MMSE, 

Stroop, TMT, and RBANS-U Total and Domain scores. As expected, there were 
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significant positive large correlations between different parts of the same tests, including 

three parts of the Stroop and TMT A and TMT B scores (see Table 5). Positive 

correlations were also found between RBANS-U total score and each of the RBANS-U 

domain scores. The different RBANS-U domain scores were not significantly related, 

confirming that they assess distinct cognitive functions, with the exception of the 

correlation between RBANS-U Immediate Memory and Delayed Memory scores (R = 

.58, p = 0.011).  

As seen in Table 5, the sample Stroop Word score was positively correlated with 

RBANS-U Immediate Memory domain score, while the Stroop Color score was 

positively correlated with RBANS-U Language, Attention, and Total scores. TMT B 

score was related to RBANS-U Immediate Memory, Attention, Delayed Memory, and 

Total scores. These correlations exemplify the overlapping roles of executive functions, 

including attention, working memory, and processing speed, as well as their connection 

with other functions such as delayed memory and language.  

MMSE scores were not significantly related to any of the cognitive measures. 

One correlation that approached significance was between MMSE and TMT A (R = .44, 

p = 0.066). Due to the non-normal distribution of MMSE scores, Spearman’s Rho 

correlations were performed between MMSE and other cognitive scores. The results 

showed that there was a significant positive correlation between MMSE and TMT A only 

(R = .52, p = .027). The fact that only one cognitive score was associated with 

performance on MMSE confirms that MMSE is a general tool that is not sensitive enough 

to detect subtle cognitive decline, is insufficient for the assessment of neuropsychological 

status, and should be utilized for screening purposes only. 
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Table 5. 

 

Bivariate Correlations among Cognitive Measures. 

 
                 MMSE               Stroop                  TMT       RBANS-U 

  W C CW 

 

Int 

 

A 

  

B 

        

IM VS LA AT DM 

Stroop             

W R .25a                     

p .331                     

C R .22 .51a *                   

p .376 .038                    

CW R .08 .41a .75**                 

p .754 .103 <.001                  

TMT              

 A R .44 .27a .40 .26 .33              

p .066 .301 .096 .298 .181               

 B R .21 .15a .36 .46 .20 .53*            

p .410 .563 .147 .057 .439 .023             

RBANS-U             

Total        R .22 .35a .57* .41 .15 .36 .70**      

            p .377 .166 .013 .091 .541 .147 .001      

IM R .07 .50 a * .37 .29 .09 .40 .63** .70**         

p .799 .039 .127 .239 .722 .097 .005 .001         

VS R .13 -.19a .33 .21 .10 .16 .45 .11 .66**       

p .607 .471 .187 .406 .696 .530 .062 .657 .003       

LA R -.04 .10a .47* .34 -.06 .14 .40 .36 .27 .61**     

p .887 .713 .049 .167 .826 .595 .097 .145 .283 .008     

AT R .37 .40a .52* .41 .26 .46 .53* .48* .35 .49* .79**   

p .134 .114 .027 .089 .290 .053 .023 .042 .152 .042 <.001   

DM R .22 .46a .31 .11 -.01 .18 .52* .58* .40 .24 .43 .74** 

p .389 .062 .206 .658 .970 .470 .027 .011 .099 .342 .078 <.001 

              

 
Note. N = 18. MMSE = MiniMental State Examination; W = Stroop Word; C = Stroop Color; CW = Stroop 

Color-Word; TMT = Trail Making Test; RBANS-U = Repeatable Battery for the Assessment of 

Neuropsychological Status-Updated; IM = Immediate Memory; VS = Visuospatial Processing; LA = 

Language; AT = Attention; DM = Delayed Memory. 
aN = 17 

* p < 0.05 

** p < 0.01 
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Demographic variables. Analyses were performed to address Hypothesis 4.1 

(lower education, older age, and lower health status associated with lower pre-test 

cognitive scores; no link with gender). Bivariate correlations demonstrated that the 

participants’ age was significantly positively correlated with their RBANS-U Language 

domain scores only (R = .56, p = 0.016). Interestingly, educational level was not related 

to any of the cognitive measures. Because education variable was not normally 

distributed, Spearman’s correlations were also performed and confirmed lack of 

association between education and cognition. Independent-Samples T-Tests were 

employed to determine whether males and females differed on any of the cognitive 

measures. Unless noted otherwise, the assumption of equal variances was not violated.  

Independent-Samples T-Test did not detect gender differences in age and 

education (females N = 12, males N = 6). Because education variable violated the 

assumption of normality, same factors were analyzed using Mann-Whitney test. Again, 

no gender differences on age or education were found. Additionally, there were no 

gender differences on MMSE, Stroop, or TMT. On the RBANS-U, males scored higher 

than females on the Visuospatial/Constructional domain (males M = 104.00, SD = 21.01; 

females M = 84.75, SD = 12.98; T (16) = -2.42, SE = 7.96, p = .028, 95% CI [-36.13, -

2.37], Cohen’s d = 1.21), Figure Copy subtest, which factors into the Visuospatial 

domain (males M = 10.17, SD = 3.25; females M = 6.92, SD = 2.71; T (16) = -2.25, SE = 

1.45, p = .039, 95% CI [-6.32, -.19], Cohen’s d = 1.13), and Figure Recall subtest, which 

factors into the Delayed Memory domain (males M = 10.33, SD = 2.73; females M = 

7.50, SD = 1.51; T (16) = -2.87, SE = .99, p = .011, 95% CI [-4.93, -.74], Cohen’s d = 

1.43). As indicated by the Cohen’s d values, the effect sizes were large.  
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Married individuals living with a spouse (N = 9) were also compared to those who 

were not married/ not living with a partner (single, widowed, divorces, or separated; N = 

9). Independent-samples T-Test demonstrated that while no differences were found on 

age, married older adults tended to have more years of education (married M = 18.22, SD 

= 1.86; not married M = 15.67, SD = 1.23; T (16) = 3.45, SE = .74, p = .003, 95% CI [.98, 

4.13], Cohen’s d = 1.62). Because education variable violated the assumption of 

normality, the same analyses were repeated using Mann-Whitney test, which confirmed 

significant group differences on education (U = 11.50, Z = -2.70, p = .008, r = .64). With 

regard to the cognitive test scores, T-Tests revealed significant group differences only on 

RBANS-U Visuospatial domain (married M = 96.67, SD = 17.48; not married M = 85.67, 

SD = 17.86; T (16) = 1.32, SE = 1.36, p = .036, 95% CI [.236, 5.99], Cohen’s d = 1.43). 

Similarly, T-Tests were performed to identify differences among retired and 

employed participants. No group differences were found on age and education, although 

the age differences approached significance (retired M = 78.50, SD = 7.43, employed M = 

70.60, SD = 6.19, T(15) = 2.09, SE = 3.79, p = .055). Because education variable violated 

the assumption of normality, the same analyses were repeated using Mann-Whitney test, 

which showed that while there were no significant group differences on education (U = 

24.50, Z = -.61, p = .57, r = .14), married participants tended to be older (U = 11.00, Z = -

2.01, p = .048, r = .47). Group differences were found on RBANS-U Language domain 

score and Semantic Fluency subtest, as indicated by T-Tests. Specifically, retired 

participants performed higher than those who were still employed on RBANS-U 

Language domain (retired M = 104.33, SD = 9.98; employed M = 93.20, SD = 4.55; T(15) 

= 2.36, SE = 4.72, p = .032, 95% CI [1.08, 21.16], Cohen’s d = 1.26) and on RBANS-U 
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Semantic Fluency subtest, which is included in the calculation of the Language domain 

score (retired M = 11.00, SD = 2.41; employed M = 7.00, SD = 1.58; T(15) = 3.38, SE = 

1.18, 95% CI [1.48, 6.52], p = .004, Cohen’s d = 1.80), with large effect sizes. Because 

Language scores had an outlier, Mann-Whitney test was utilized and confirmed the 

results on this measure (U = 8.50, Z = -2.28, p = .019, r = .54). These results align with 

the previous finding of significant positive relationship between age and RBANS-U 

Language, since retired participants were older. 

To address another component of Hypothesis 4.1 (link between cognition and 

health status), Spearman’s bivariate correlations were employed to determine whether 

MMSE, Stroop, TMT, and RBANS-U Total and Domain scores correlated with any of 

the self-report scores. It was found that lower performance on Stroop Color-Word was 

associated with higher levels of pain (RAND SF-36 r = .49, p = .040). Also, lower 

RBANS-U Language domain score was related to lower overall quality of life 

(WHOQOL-OLD Total r = -.49, p = .048), lower sensory functioning (WHOQOL 

Sensory r = .62 p = .006), higher concern about dying (WHOQOL-OLD Death and 

Dying r = -.53, p = .022), lower overall health (RAND SF-36 General Health r = .59, p = 

.011), and lower energy (RAND SF-36 Energy/Fatigue r = -.48, p = .045). Lastly, lower 

RBANS-U Visuospatial domain scores were also related to lower WHOQOL Sensory 

Functioning scores (r = -.48, p = .045). However, none of the correlations were 

significant when the Bonferroni correction was employed. 

Self-report measures. Table 6 presents descriptive statistics for pre-test self-

report scores. Medians are included as they may be better estimates of central tendency 

due to non-normality and outliers in the self-report data. Median values show that as a 
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whole, sample had low level of depression and relatively high levels of quality of life, as 

the medians for WHOQOL-OLD Total and domain scores were 75 or above (maximum 

score indicating highest levels of quality of life = 100). Relative to their total quality of 

life score (WHOQOL-OLD Total), the sample reported higher levels of Sensory 

Functioning (Wilcoxon Z = -2.20, p = .028, r = .53) and higher levels of Autonomy 

(Wilcoxon Z = -2.52, p = .012, r = .61).  

Similarly, the maximum score for RAND SF-36 is 100, which represents highest 

level of perceived health. Median values for different aspects of bio-psycho-social 

functioning, as measured by RAND SF-36 were also mostly 75 or above, with the 

exception of the median score of 66 on the Energy/Fatigue domain and 74 on the Pain 

domain. Because RAND SF-36 does not provide a total score, analysis of relatively low 

and high scores was not possible for this measure. The lowest possible score on a 

measure of daily functioning (B-ADL) is 1 which represents absence of difficulties in 

ADLs and IADLs. The sample median B-ADL scores were also close to 1, indicating low 

level of difficulty in daily functioning. Because the self-report data were not normal, 

Spearman’s correlations were used to explore relationships among the self-report 

measures. As expected, the vast majority of self-report measures were significantly, 

positively correlated.  
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Table 6 

 

Descriptive Statistics for Self-Report Measures. 

 

           95% CI 

 Min. Max. Med. M SD SE Lower Upper 

PHQ9a (depression) 0 26 2.00 3.67 6.27 1.48 0.55 6.78 

B-ADLb(daily functioning)         

Self-report 1.00 8.72 1.40 1.89 1.77 0.42 1.01 2.78 

Informant reportc 1.00 3.36 1.34 1.63 0.80 0.28 0.96 2.30 

WHOQOL-OLDd (quality of life)             

Total Scoree 9 95 81.00 75.94 20.03 4.86 65.64 86.24 

Sensory Functioning  0 100 91.00 81.39 25.28 5.96 68.82 93.96 

Autonomy 6 100 81.00 78.96 20.63 4.86 68.70 89.22 

Abilitiese 0 100 81.00 75.47 25.36 6.15 62.43 88.51 

Social Participatione 25 100 75.00 71.47 20.92 5.07 60.72 82.23 

Death and Dying 25 100 78.00 72.72 23.43 5.52 61.07 84.37 

Intimacye 0 100 75.00 71.41 24.34 5.90 58.90 83.93 

RAND SF-36d (health status)             

Physical 5 100 75.00 65.72 31.14 7.34 50.23 81.21 

Role Limit. due to Physical Symptoms 0 100 75.00 65.28 36.52 8.61 47.12 83.44 

Role Limit. due to Emotional Symptoms 0 100 100.00 79.72 32.58 7.68 63.52 95.92 

Energy/Fatigue 0 90 66.00 61.78 23.54 5.55 50.07 73.48 

Emotional 4 96 86.00 81.11 20.57 4.85 70.88 91.34 

Social 0 100 100.00 82.72 30.90 7.28 67.36 98.09 

Pain 10 90 74.00 67.22 25.09 5.91 54.75 79.70 

General Health 25 95 77.50 72.00 21.04 4.96 61.54 82.46 

 
Note: N = 18. B-ADL = Bayer Activities of Daily Functioning; Limit. = limitations; Max. = maximum 

score; Min. = minimum score; PHQ-9 = Patient Health Questionnaire; RAND SF-36 = Research and 

Development Short Form Health Survey; WHOQOL-OLD = World Health Organization Quality of Life 

for Older Adults. 
ascore of 5-9 indicates mild, 10-14 moderate, 15 and above severe depression (maximum score = 27). 
bScore of 1 indicates absence of difficulties in ADLs; higher scores indicate more difficulty. 
cN = 8 (administered only to spousal dyads). 
dMaximum score of 100 indicates highest level of functioning. 

eN = 17 (1 missing). 
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Demographic variables. Spearman’s correlations revealed that there was a 

relationship between older age and higher concern about dying (WHOQOL-OLD Death 

and Dying r = -.49, p = .040). In addition, higher educational level was associated with 

higher WHOQOL-OLD Intimacy scores (r = .49, p = .048). Mann-Whitney test for 

independent samples did not identify any gender or marital status differences on self-

report measures. The results showed that retired individuals reported significantly higher 

level of depressive symptoms (PHQ-9 U = 6.00, z = -2.60, p = .009, r = -.63), higher 

level of concern about dying (WHOQOL-OLD Death and Dying U = 11.00, z = -2.02,    

p = .048, r = -.49), lower levels of energy (RAND SF-36 Energy/Fatigue U = 8.00,          

z = -2.33, p = .019, r = -.57), and lower overall health (RAND SF-36 General Health      

U = 9.00, z = -2.23, p = .027, r = -.54). 

Post-Intervention Assessment 

 Participants were re-assessed 7 to 24 weeks after the baseline assessment (M = 

14.7; SD = 6.21). The following analyses were performed to address Hypothesis 3.1, 

which predicted lack of decline from pre- to post-test on any cognitive or self-report 

measures and possible gains on some test scores. 

Cognitive measures. Table 7 presents descriptive statistics for cognitive test 

scores before and after the intervention and results of the Paired-Samples T-Tests (N = 

14). Assumption of equal variances was not violated. Significant improvements were 

found on the RBANS-U Visuospatial Domain T(13) = -2.52, SE = 3.61, p = .026, 95% CI 

[-16.86, -1.28]), and on the Figure Recall subtest T(13) = -4.11, SE = .43, p = .001, 95% 

CI [-2.72, -.85]). Cohen’s d (correction for the correlation between pre- post-test scores) 

indicated large effect sizes (Cohen’s d = .67 for Visuospatial domain and -1.10 for Figure 
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Recall subtest). Due to multiple comparisons and the risk of Type I error, Bonferroni 

correction was performed by dividing the p-value of .05 by 19 (the number of test scores; 

Field, 2013). The resulting p-value of .0026 was higher than the Visual Memory subtest p 

= .001, but lower than the Visuospatial domain p = .026, suggesting that the significant 

change in the Visuospatial domain score might have occurred by chance. 
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Table 7.  

Descriptive Statistics for Cognitive Test Scores at Pre-Test and Post-Test and Paired-

Samples T-Tests. 

Measure   Pre-Test     Post-Test   
 M SD M SD T(DF)   p 

Stroop Color-Word Testa       

     Word (word reading) 10.07 2.20 10.21 3.04 -.29(13) .78 

     Color (color naming) 8.86 2.45 9.71 2.67 -1.67(13) .12 

     Color-Word (word inhibition) 10.71 3.27 10.43 3.63 .47(13) .65 

Trail Making Testa       

     Part A (numbers only) 10.79 2.52 10.07 3.36 1.10(13) .29 

     Part Bb (numbers and letters) 11.36 2.59 10.92 3.10 .95(12) .36 

RBANS-U       

     Total Scorec 98.14 14.26 101.64 13.48 -1.38(13) .19 

RBANS-U Domainsc:       

     Immediate Memory 94.21 17.48 98.14 15.03 -.93(13) .37 

     Visuospatial/Constructional 91.93 19.17 101.00 18.66 -2.52(13) .026* 

     Language 100.71 10.32 104.79 13.45 -.93(13) .37 

     Attention 108.79 15.13 104.71 14.14 1.23(13) .24 

     Delayed Memory 98.36 9.91 97.93 13.10 .12(13) .90 

RBANS-U Subtestsd:       

    List Learning 9.57 3.32 9.71 3.29 -.15(13) .89 

    Story Memory 8.43 3.16 9.57 2.85 -1.29(13) .19 

    Figure Copy 8.21 3.49 8.86 4.19 -.75(13) .47 

    Semantic Fluency 9.86 2.85 10.57 3.94 -.53(13) .61 

    Digit Span 11.29 2.49 10.71 3.58 .71(13) .49 

    Coding 11.50 3.25 10.64 3.20 1.43(13) .18 

    Story Recall 9.00 2.60 10.14 2.60 -1.61(13) .13 

    Figure Recall 8.93 2.40 10.71 2.34 -4.11(13) .001* 

       Note. N = 14. MMSE = Mini Mental State Examination; RBANS-U = Repeatable Battery for the 

Assessment of Neuropsychological Status-Updated. 
aAge-corrected scaled scores based on population M = 10, SD = 3 (Mayo’s Older Americans Normative 

Studies, Ivnik et al., 1996). 
bN = 13 (1 missing). 
cAge-corrected index scores based on population M = 100, SD = 15 (publisher norms). 
dAge-corrected scaled scores based on population M = 10, SD = 3 (publisher norms). 

* p < .05 
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Figure 5 exhibits sample mean scores on five RBANS-U domains at pre- and 

post-intervention.  

 

Figure 5 

Pre-Test and Post-Test Means for Repeatable Battery for the Assessment of 

Neuropsychological Status-Update (RBANS-U). 
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Due to non-normality and mild outliers in score distributions for several cognitive 

measures, the same pre- and post-variables were analyzed using a nonparametric, 

Wilcoxon test for related samples. The results confirmed significant increase in the 

Visuospatial domain (Z = -2.01, p = .044, r = .54) and the Figure Recall subtest scores (Z 

= -2.69, p = .007, r = .72). However, these results were not significant when the corrected 

p-value of .0026 was applied to the results of the Wilcoxon test. 

Demographic variables. Due to gender differences in several cognitive measures, 

mixed ANOVA was performed to evaluate the effect of gender on the pre-post score 

changes. Unless noted otherwise, the assumption of equality of covariances was not 

violated. The results of the analyses showed that there was no significant gender by time 

interaction for the Visuospatial domain (Wilk’s Lambda = .732, F(1, 12) = 4.39, p = .058, 

partial eta squared = .27). There was also no significant main effect for time (F(1,12) = 

4.39, p = .058, partial eta squared = .27). However, there was a significant, large main 

effect for gender (F(1,12) = 10.08, p = .008, partial eta squared = .46). Same analysis was 

performed for the RBANS-U Figure Recall subtest. Again, the gender by time interaction 

was not significant (Wilk’s Lambda = .92, F(1, 12) = 1.01, p = .335, partial eta squared = 

.08). However, there was a significant main effect for gender (F(1,12) = 7.44, p = .018, 

partial eta squared = .38) and for Figure Recall scores (F(1,12) = 13.35, p = .003, partial 

eta squared = .53). As indicated by the partial eta squared values, the effect sizes for the 

two main effects were medium-to-large and large, respectively.  

In addition to ANOVA, Independent-Samples T-Tests were performed for 

females and males separately. The results indicated that for females, significant 

improvement occurred on RBANS-U Visuospatial domain (pre-test M = 81.33, SD = 



 

 

101 
 

12.30, post-test M = 94.44, SD = 12.47; T(8) = -5.52, SE = 2.38, p = .001, 95% CI [-7.63, 

-5.52], Cohen’s d = -1.84) and on RBANS-U Figure Recall subtest (pre-test M = 7.78, SD 

= 1.48, post-test M = 9.89, SD = 1.97; T(8) = -3.92, SE = 2.38, p = .004, 95% CI [-3.35, -

.87], Cohen’s d = -1.35). Both effect sizes were large as indicated by Cohen’s d > .80. 

When Bonferroni correction was applied to the observed p-values, only the Visuospatial 

domain p = .001 was significant. Wilcoxon test for related samples confirmed significant 

improvements in females on the Visuospatial domain (Z = -2.67, p = .008, r = .89) and 

the Figure Recall subtest scores (Z = -2.40, p = .016, r = .80). Although the effect sizes 

represented by r values were large, the corrected p-values were not significant. 

For men, no differences from pre-test to post-test were found. These findings 

confirm that the participants’ increase in scores on Visuospatial domain and delayed 

visual memory were attributable to improvement among females, but not males. Figures 

6 and 7 illustrate the results for males and females on the RBANS-U Visuospatial domain 

and Figure Recall subtest. 
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Figure 6.  

Males and Females’ Scores on the Visuospatial Domain of the Repeatable Battery for the 

Assessment of Neuropsychological Status-Update (RBANS-U). 
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Figure 7.  

Males and Females’ Scores on the Figure Recall Subtest of the Repeatable Battery for 

the Assessment of Neuropsychological Status-Update (RBANS-U). 

 

 

 

Due to the small sample size, it may be useful to present the data in terms of 

frequencies for exploratory purposes. Table 8 presents the number of participants who 

showed increase or decrease of one standard deviation or more or no change from pre- to 
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post-test on each of the cognitive test scores (Stroop, TMT, & RBANS-U subtests 

population SD = 3; RBANS-U Total and Domain population SD = 15). The majority of 

participants had stable scores on Stroop and TMT. A small, equal number of participants 

had increase and decrease in scores for Stroop Word and Stroop Color-Word scores. For 

Stroop Color, 4 (29%) of participants had an increase and 1 (7%) had a decrease in 

scores. For TMT A and TMT B, more participants showed a decrease in scores than 

increase (1 case increased on TMT A and B vs. 3 and 4 cases decreased, respectively).  

As for the RBANS-U, it can be seen in Table 8 that overall, the scores were stable 

from baseline to the post-intervention assessment. Two participants improved by more 

than a standard deviation on the Total score (comprised of the five domain scores), and 

none of the participants exhibited a decline of more than a standard deviation. Moreover, 

half of the participants (7 cases) had an increase in their Visuospatial domain scores, and 

three had an increase on Immediate Memory and Language domains. Looking at the 

TBANS-U subtests, 4 (25%) participants had an increase on Story Recall and 5 (36%) 

had an increase on Figure Recall, and none of the participants demonstrated a decrease in 

these scores. However, more participants had a decrease in their scores on Digit Span and 

Coding (29% on both) compared to those who improved. Four participants (29%) had an 

increase in scores on List Learning, Figure Copy, and Semantic Fluency, and three (21%) 

had an increase on Story Memory scores. On the other hand, the scores on List Learning 

decreased in five cases, four cases on Semantic Fluency, three cases on Figure Copy, and 

one on Story Memory. The four subtests that are scored as a percentile range were 

excluded from the frequency table.  
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Table 8.  

Numbers of Participants Who Demonstrated Increase, Decrease, or No Change on 

Cognitive Test Scores. 

Measure   Change in scores > 1 SD [# cases (%)] 

Post-Test  Increase 

) 

Decrease   < 1 SD/ no change 

Stroop Color-Word Testa     

     Word (word reading) 2 (14%) 2 (14%) 10 (71%)  

     Color (color naming) 4 (29%) 1 (7%) 9 (64%)  

     Color-Word (word inhibition) 1 (7%) 1 (7%) 12 (86%)  

Trail Making Test     

     Part A (numbers only) 1 (7%) 3 (21%) 10 (71%)  

     Part B (numbers and letters)a 1 (8%) 2 (15%) 10 (77%)  

RBANS-U     

     Total Score 2 (14%) 0 12 (86%)  

RBANS-U Domains:     

     Immediate Memory 3 (21%) 3 (21%) 8 (57%)  

     Visuospatial/Constructional 7 (50%) 1 (7%) 6 (43%)  

     Language 3 (21%) 1 (7%) 10 (71%)  

     Attention 1 (7%) 1 (7%) 12 (86%)  

     Delayed Memory 1 (7%) 3 (21%) 10 (71%)  

RBANS-U Subtests:     

    List Learning 4 (29%) 5 (36%) 5 (36%)  

    Story Memory 3 (21%) 1(7%) 10 (71%)  

    Figure Copy 4 (29%) 3 (21%) 7 (50%)  

    Semantic Fluency 4 (29%) 4 (29%) 6 (43%)  

    Digit Span 0 4 (29%) 10 (71%)  

    Coding 1 (7%) 4 (29%) 9 (64%)  

    Story Recall 4 (29%) 0 10 (71%)  

    Figure Recall 5 (36%) 0 9 (64%)  

      

Note. N = 14; RBANS-U = Repeatable Battery for the Assessment of Neuropsychological Status-Updated. 
aN = 13 (1 missing). 

 

 

Table 9 presents another approach to the visual analysis of data. It provides 

demographic data, dyad type, number of cognitive training sessions, and changes in 
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scores for each individual case. For RBANS-U, only domains scores are presented since 

they are comprised of individual subtest scores, four of which cannot be quantified in 

terms of SD change as they are scored as percentile range. It can be seen that although 

there were some decreases in scores, overall there were more increases in scores among 

the participants. On measures of executive functioning (Stroop and Trail Making Test), 

43 percent of participants (6 cases) increased on at least one of five scores (four 

participants (28%) improved on one score, one (7%) on two scores, and one (7%) on 

three out of five scores). On RBANS-U domain scores, the majority of participants (10 

cases, 71%) improved on at least one of five cognitive domains (6 participants (43%) 

improved on one, 3 (21%) improved on two, and 1 (7%) improved on three out of five 

cognitive domains scores).   
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Table 9. 

Each Participant’s Changes in Scores on Cognitive Measures. 

      Number Stroop   TMT RBANS-U Domains 

 Age M/F Retired Married Dyad Sessions W C CW A   B IM VS LA AT DM 

1 82 F Yes Yes Friends 12  +  - -    -  

2 81 F Yes No Friends 12 +   +  - + -   

3 65 M Yes No Friends 24          - 

4 70 M No No Friends 24  -     - +  - 

5 74 F Yes No Unfam. 9 + +  - + -  + +  

6 65 F No No Unfam. 9       + +   

7 70 F Yes No Friends 21       +    

8 73 F Yes No Friends 21  +    + +    

9 83 M Yes Yes Spouses 16      + +   + 

10 87 F Yes Yes Spouses 16   + -  +     

11 70 M No Yes Spouses 13 -     -     

12 67 F No Yes Spouses 13 -  -  -      

13 80 M Yes Yes Spouses 11  +     +   - 

14 74 F Yes Yes Spouses 11       +    

 
Note. A = Trail Making Test part A, AT = Attention, B = Trail Making Test part B, C = Color naming, CW 

= Color-Word, DM = Delayed Memory, F = female, IM = Immediate Memory, LA = Language, M = male, 

RBANS-U =  Repeatable Battery for the Assessment of Neuropsychological Status-Update; TMT = Trail 
Making Test, VS = Visuospatial/Constructional, W = Word reading. 

+ increase in scores by 1 standard deviation or more (Stroop, TMT SD = 3; RBANS-U domains SD = 15). 

- decrease in scores by 1 standard deviation or more. 

 

Self-report measures. Wilcoxon test for related samples was used to identify 

changes from pre- to post test on subjective measures. According to the results, there was 

a significant change on WHOQOL-OLD Death and Dying. The sample reported an 

increased level of concern about dying at post-test (Z = -2.08, p = .037, r = .56), although 

the p = value did not reach significance when Bonferroni adjustment was applied. 
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Illustrative case studies. Due to the small number of participants, group statistical 

analyses may not adequately capture the true potential of the intervention. In addition, the 

sample was highly diverse in terms of age, employment status, marital status, and other 

variables, and two of the participants had neurological abnormalities (brain tumor and 

medication for cognitive decline). These factors impact internal validity and further 

complicate group analyses. Even though the focus of cognitive training is maintaining 

cognitive skills and promoting cognitive vitality (Ball et al., 2013), several participants 

demonstrated considerable gains in some cognitive skills, which points to the potential 

benefits of the novel intervention. Some of these cases are presented below. Table 10 

includes functioning range classifications for scaled and domain scores, and Table 11 

provides classifications for RBANS-U subtest percentile ranges (both adopted from the 

RBANS-U manual; Randolph, 2012). 

 

Table 10. 

Qualitative Descriptors for Scaled and Domain Scores. 

Scaled Score Domain Score Range 

16 and above 130 and above Very Superior 

14-15 120-129 Superior 

12-13 110-119 High Average 

8-11 90-109 Normal/Average 

6-7 80-89 Low Average 

4-5 70-79 Borderline 

3 and below 69 and below Extremely Low 
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Table 11. 

Qualitative Descriptors for Repeatable Battery for the Assessment of 

Neuropsychological Status (RBANS-U) Subtest Percentile Ranges. 

   
Percentile Range  

14-15 Superior  

Above 75 High Average  

26-50, 51-75 Normal/Average  

10-16, 17-25 Low Average  

3-9 Borderline  

2 and below Extremely Low  

 

 

Case A. Case A was a retired, divorced, 73-year old female whose native 

language was Spanish. B had 14 years of education (2 years of college), and was a part of 

the “friends” dyad. As shown in Table 12, A’s executive functioning skills (Stroop and 

TMT) before and after the intervention fell in the normal range, with the exception of 

Stroop Naming, which increased borderline to normal range. A’s overall cognitive 

functioning, represented by RBANS-U Total score was within the low average-to normal 

range and increased slightly by 8 points from before to after the intervention, which is not 

considered substantial. However, examination of her domain scores reveals that A’s 

Immediate Memory increased from borderline to normal range (from 7th to 42nd 

percentile), and her Visuospatial skills increased from extremely low to low average 

(from 1st to 14th percentile). The other domain scores were normal and remained 

relatively stable from pre- to post-intervention. 
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In terms of A’s subtest scores, her pre-test score on List Learning (which assesses 

immediate verbal memory for unrelated pieces of information) fell within the lower 

portion of normal range, while her pre-test score on Story Memory (which assesses 

immediate narrative/episodic memory) was Borderline (2nd percentile). At post-test, her 

List Learning score increased to high average (84th percentile). Together with a non-

significant increase in Story Memory from borderline to low average (2nd to 9th 

percentile), the improved List Learning score explains the dramatic gain in the overall 

Immediate Memory domain. Similarly, A’s Line Orientation (which requires estimating 

distances or angles between lines) increased from 3-9th (borderline) percentile range to 

51-75th percentile range (normal), leading to the improvement in the overall Visuospatial 

domain score. 

Even though E’s short-term memory for words (List Learning) improved, a 

decrease in her working memory from normal to low average was observed on Digit 

Span, which required her to repeat back strings of digits. At the same time, her delayed 

verbal memory for narrative information (Story Recall) increased from borderline to 

normal. Her delayed memory for a word list (List Recall) increased from 17-25th to 51-

75th percentile. The rest of subtest scores remained relatively stable. 
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Table 12.  

Case A: Pre-Test and Post-Test Cognitive Scores. 

Measure Pre-Test Post-Test Score 

 Score (%ile)  Range   Score (%ile) Range      Difference 

MMSE (30 points maximum) 27 (n/a)  N 28 (n/a) N 1  

Stroop Color-Word Testa       

     Word (word reading) 10 (41-59) N 10 (41-59) N 0  

     Color (color naming) 4 (2) BDL 8 (19-28) N 4*  

     Color-Word (word inhibition) 10 (41-59) N 9 (72-81) N -1  

Trail Making Testa       

     Part A (numbers only) 8 (19-28) N 9 (29-40) N 1  

     Part B (numbers and letters) 8 (19-28) N 10 (41-59) N 2  

RBANS-U       

     Total Scoreb 82 (12) LA 90 (25) N 8  

Domainb:       

     Immediate Memory 78 (7) BDL 97 (42) N 19*  

     Visuospatial/Constructional 66 (1) EL 84 (14) LA 18*  

     Language 96 (39) N 92 (30) N -4  

     Attention 97 (42) N 91 (27) N -6  

     Delayed Memory 95 (37) N 101 (53) N 6  

Subtestc:       

    List Learning 8 (25) N 13 (84) HA 5*  

    Story Memory 4 (2) BDL 6 (9) LA 2  

    Figure Copy 4 (2) BDL 5 (5) BDL 1  

     Line Orientationd n/a (3-9) BDL n/a (51-75) N 2  

     Picture Namingd n/a (26-50) N n/a (51-75) N 1  

    Semantic Fluency 8 (25) N 7 (16) LA -1  

    Digit Span 10 (50) N 7 (16) LA -3*  

    Coding 9 (37) N 10 (50) N 1  

    List Recalld n/a (17-25) LA n/a (51-75) N 2  

     List Recognitiond n/a (26-50) N n/a (51-75) N 1  

     Story Recall 5 (5) BDL 8 (25) N 3*  

    Figure Recall 10 (50) N 10 (50) N 0  

        

Note. BDL = Borderline; EL = Extremely Low; HA = High Average; LA = Low Average; MMSE = Mini 

Mental State Examination; N = Normal; RBANS-U = Repeatable Battery for the Assessment of 

Neuropsychological Status-Updated; S = Superior; VS = Very Superior. 
aAge-corrected scaled scores based on population M = 10, SD = 3 (Mayo’s Older Americans Normative 

Studies, Ivnik et al., 1996). 
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bAge-corrected index scores based on population M = 100, SD = 15 (publisher norms). 
cAge-corrected scaled scores based on population M = 10, SD = 3 (publisher norms). 
dPercentage range rather than scaled score is provided by publisher. 

* score difference of 1 or more standard deviations 

** score difference of 2 or more standard deviations 
 

Case B. Case B was a retired, college-educated, native English-speaking, 

Caucasian female aged 74 who was a part of the unfamiliar dyad as she needed a study 

partner and was connected with another participant by the researcher. The participants in 

this dyad requested to shorten the duration of intervention as they were losing interest and 

felt that the tasks were becoming too repetitive. The dyad had 9 sessions of cognitive 

training. Table 13 presents B’s pre- and post-intervention scores, percentiles, and 

qualitative descriptors (range of functioning). The table also includes score differences 

from pre- to post-intervention, where differences of 1 or more standard deviations (where 

applicable) are marked by an asterisk (*), and differences of 2 or more standard 

deviations are marked by double asterisk (**). Score differences that are less than 1 

standard deviation are considered to be within expected limits, attributed to normal 

fluctuations due to situational and other factors (Randolph, 2012). For the four RBANS-

U subtests that are scored as percentile range, score difference in the table was arbitrarily 

recorded as +/-1 if the participant’s result increased or decreased to the next percentile 

quarter (e.g., from 26-50 to 51-75 percentile), as +/-2 if his/her score increased or 

decreased to the percentile quarter after next (e.g. from 26-50 to above 75 percentile), and 

as +/-3 if the result increased or decreased to the third percentile quarter (e.g., from below 

25 to above 75 percentile) . 

Based on her pre-test scores on Stroop and TMT, B’s executive functioning is 

strong, mostly falling within the normal or high average range. At post-test, two of her 
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Stroop scores (reading speed and naming speed) and one of her TMT scores 

(sequencing/multitasking) improved by one standard deviation, placing most of the 

Stroop and TMT scores in the superior and very superior range (at or above 90th 

percentile).  

B’s overall cognitive functioning at pre-test, as measured by RBANS-U Total 

score, fell in the normal range (score of 101), nearly at the population mean of 100. 

However, this score was not representative of her cognition, as there was substantial 

scatter among her domain scores, ranging from a superior Immediate Memory score of 

129 to a borderline Visuospatial/Constructional score of 72, both of which represent her 

relative strength and weakness. The other domain scores (Language, Attention, and 

Delayed Memory) were normal and high average. At post-test, B’s Language score 

increased dramatically from 39th to > 99th percentile, or by 38 points, which represents an 

increase of over two standard deviations, placing her in the very superior range. Her 

Attention score increased by over one standard deviation, improving from 79th to 97th 

percentile. Although under one standard deviation, her Visuospatial and Delayed 

Memory scores increased by 9 points. Decrease was observed in B’s Immediate Memory 

score from 97th to 73rd percentile, placing her in the normal range. Despite decrease in 

Immediate Memory, improvements in other domains cumulatively contributed to B’s 

RBANS-U Total score increasing by more than a standard deviation (from 101 to 117) 

and from normal to high average range. 

Looking at individual subtests that factor into the five RBANS-U domains, B’s 

scores on both subtests that form the Immediate Memory domain decreased by 1 or more 

standard deviations from superior to high average and normal range. A dramatic increase 
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was observed on B’s Semantic Fluency, which required her to name as many objects that 

belong to a category as possible. This score increased by over 3 standard deviations, and 

from lower end of normal range to very superior range (> 99th percentile). Other subtest 

scores that improved significantly include Coding (a measure of attention and multi-

tasking with eye-hand coordination), which increased from normal to high average range 

(50th to 84th percentile), and Figure Recall (a measure of visuospatial delayed memory), 

which increased from low average to normal range (9th to 50th percentile).  
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Table 13.  

Case B: Pre-Test and Post-Test Cognitive Scores. 

Measure Pre-Test Post-Test        Score  

 Score (%ile)  Range   Score (%ile) Range    Difference  

MMSE (30 points maximum) 28 (n/a) N 29 (n/a) N 1  

Stroop Color-Word Testa       

     Word (word reading) 13 (82-89) HA 16 (98) VS 3*  

     Color (color naming) 11 (60-71) N 14 (90-94) S 3*  

     Color-Word (word inhibition) 14 (90-94) HA 14 (90-94) S 0  

Trail Making Testa       

     Part A (numbers only) 16 (98) VS 17 (99) VS 1  

     Part B (numbers and letters) 14 (90-94) HA 17 (99) VS 3*  

RBANS-U       

     Total Scoree 101 (53) N 117 (87) HA 16*  

Domaine:       

     Immediate Memory 129 (97) S 109 (73) N -20*  

     Visuospatial/Constructional 72 (3) BDL 81 (10) LA 9  

     Language 96 (39) N 134 (>99) VS 38**  

     Attention 112 (79) HA 128 (97) S 16*  

     Delayed Memory 98 (45) N 107 (68) N 9  

Subtestd:       

    List Learning 15 (95) S 12 (75) HA -3*  

    Story Memory 15 (95) S 11 (63) N -4*  

    Figure Copy 5 (5) BDL 5 (5) BDL 0  

     Line Orientatione n/a (17-25) LA n/a (26-50) N 1  

     Picture Naminge n/a (51-75) N n/a (26-50) N -1  

    Semantic Fluency 8 (25) N 19 (>99) VS 11**  

    Digit Span 14 (91) S 16 (98) VS 2  

    Coding 10 (50) N 13 (84) HA 3*  

    List Recalle n/a (51-75) N n/a (51-75) N 0  

     List Recognitione n/a (51-75) N n/a (51-75) N 0  

     Story Recall 12 (75) HA 13 (84) HA 1  

    Figure Recall 6 (9) LA 10 (50) N 4*  

        

Note. BDL = Borderline; HA = High Average; LA = Low Average; MMSE = Mini Mental State 

Examination; N = Normal; RBANS-U = Repeatable Battery for the Assessment of Neuropsychological 

Status-Updated; S = Superior; VS = Very Superior. 
aAge-corrected scaled scores based on population M = 10, SD = 3 (Mayo’s Older Americans Normative 

Studies, Ivnik et al., 1996). 
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bAge-corrected index scores based on population M = 100, SD = 15 (publisher norms). 
cAge-corrected scaled scores based on population M = 10, SD = 3 (publisher norms).dePercentage range 

rather than scaled scores are provided by publisher. 

* score difference of 1 or more standard deviations 

** score difference of 2 or more standard deviations 
 
 

Post-Intervention Interviews 

Semi-structured interviews were employed to address Research Question 1, 

evaluating feasibility and participant acceptability of the dyadic format of cognitive 

training intervention. As mentioned earlier, one-one-one interviews took place 

immediately following post-intervention assessment and lasted 20 to 30 minutes. A total 

of 14 interviews were conducted. ATLAS.ti software was used for coding and thematic 

analysis. Questions addressed the participants’ experience with the self-administered, 

dyadic format, scheduling, dosage (frequency and duration), intervention content, user-

friendliness of the manual, and overall experience with participation in the study.  

The interviews were coded freely without using previously created (a priori) 

codes. Thus, data processing and analysis was an on-going process. During the coding of 

the first interview, a number of codes emerged. With each consecutive interview, the 

same codes were applied or new codes were created as needed. This process was repeated 

until coding of all interviews was completed. In some cases it became clear that the code 

was too general and needed to be divided into several more specific codes. In other cases, 

the code was too narrow and it was combined with other narrow code(s) into a more 

general code. After several interviews it was possible to begin grouping the codes by 

topic or theme and create code families. Some of the codes directly corresponded to the 

questions asked during the interviews, while other codes and themes emerged based on 

participants’ spontaneous reflections. Code families included Dyadic Format, Scheduling, 
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Content, Dosage, Setting, Materials, Outcomes, Suggestions, etc. Examples of themes 

were “beginning of intervention vs. later,” “enjoyable tasks,” “frustrating tasks,” 

“contributing to research,” “helping the researcher,” “doing something different,” “being 

active in the community,” “making time for sessions,” etc. Due to the small sample size 

and potential risk of breaking confidentiality of individuals, participants’ age and gender 

are not specified, and their dyad type and intervention setting are included only where 

necessary.  

 Dyadic format. All participants stated that the dyadic format worked well for 

them. Several participants said that having a study partner contributed to their motivation 

and adherence to the intervention, as one individual (friends dyad) put it, “it disciplined 

us.” Another person (unfamiliar dyad) said, “the good thing about the partner … [is that] 

it keeps the motivation. Some participants said that they would had been more distracted 

and less motivated if they engaged in cognitive training by themselves. One of them said, 

“I would enjoy it, yes, but it wouldn’t be the same. I would be more distracted and not 

give the importance [to it]. Having the other person, you are more attentive.” One of the 

older adults said that even though paper-and-pencil approach worked well, computerized 

program would also be acceptable: “I could go either way because I use the computer a 

lot, so it wouldn’t bother me to do [it on] the computer, it didn’t bother me doing [it] with 

paper and pencil. I fluctuate both ways.” Along the same lines, another older adult 

shared, “I would be willing to do [training] from home and if I could have a little more 

flexibility with time, I would be willing to participate.” 

The interviews also pointed to increased social engagement. Several participants 

reported that the sessions gave them an opportunity to spend more time together, “gossip 
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and visit,” and that they “had fun.” One of the older adults (unfamiliar dyad) shared, “I’m 

not a grandparent, so we talked about things that she does and she got … a grandson, but 

we are both active seniors.” Another participant (friends dyad” acknowledged that the 

sessions allowed the two study partners learn more about one another. None of the 

participants indicated that the sessions affected the relationship with their study partner in 

a negative way.  

When asked about the experience of taking turns being the trainer, all participants 

stated that that there were no issues or problems, describing it as a “nice experience.” 

One individual stated, “we had a great time, we had a wonderful time doing it.” Another 

one of the participants who was retired teacher said, “by the time we both been through 

full years plus education, we both been students and we both been teachers, and we know 

how to take a test.” Another individual (unfamiliar dyad) indicated that the dyadic format 

with turn-taking was comfortable: “we didn’t feel training or being trained any 

differently… we are seniors, we are not intimidated by anything… it was easy going, 

meaning it’s not like we were trying to get a job.”  

However, one of the participants (friends dyad) stated that at the beginning, there 

was a sense of competition from the other partner, and another one (friends dyad) said 

that at the beginning, there was some anxiety about giving a correct answer. In both 

cases, the participants reported that these feelings dissipated shortly. Another older adult 

said that being the trainer, “it took an effort” not to help the study partner on a task: “it 

was difficult for me not to take charge, because when you’re training you have to let 

them learn. And they learn by struggling and I don’t like to see people struggle.” 
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Having an existing positive relationship appeared to contribute to enjoying the 

interactive component of the training. A participant that was a part of the “friends” dyad 

explained that participating together worked well because they “have been friends for 

year and years and years.” An individual who was a part of the spousal dyad said that 

because their relationship was “good,” the interaction during the sessions was positive as 

well. The participants who did not know each other before the study and were connected 

by the researcher both indicated that they worked well together and had a lot in common. 

One of them explained, “I think we have similar interests on several levels … I don’t 

know if that’s good for your study, that we were very much the same in terms of how we 

worked. Which made it very nice.” 

Setting. Flexibility in location of the intervention appeared to be an important 

factor for the participants. For spouses, being able to have sessions at home, and for non-

spouses, living near one another and having sessions at a place of mutual convenience 

contributed greatly to their ability and willingness to participate. For instance, several 

participants who were holding their cognitive training sessions at home stated that they 

probably would not have participated if they had to travel. As one older adult explained, 

“I don’t think we would have done it if we had to get in the car and go some place.” One 

of the participants who had sessions elsewhere said, “she was living here, I was living 

here, the center is right here… So it was easy for us. I thinking if people weren’t that 

close together it would make it more difficult.” The same participant appreciated being 

able to meet at a senior center and supported by staff: “we have the center which was 

wonderful, and … the director was just always very gracious. They always have food and 
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free stuff going… Sometimes if it was really busy here and got noisy, he would offer us 

the conference room.” 

 Scheduling. Many older adults stated that finding the time that worked for both 

individuals in the dyad was not difficult. For several older adults, it was more 

challenging. One of them said, “we had to make an effort to do it. And just making an 

effort to find the time… it did not bother me that I did that, because I do a lot of different 

things, and it didn’t bother me taking the time to do it.” Another participant stated, “it 

was not finding the time, it was making the time to do it.” One of the older adults (friends 

dyad) indicated that while at first it was more difficult to coordinate the times for 

sessions, “it’s a question of changing priorities.” 

Frequency and duration. The majority of older adults stated that 1 hour two 

times a week for 3 months was a “good amount.” Some dyads indicated that they would 

prefer sessions to be less frequent, once a week, which is what was more feasible for 

them: “the first one or two weeks we were fine with it, and then … all of a sudden we 

realized that we weren’t doing it. Except for maybe once a week. So once a week was 

what we were really handing.” On the other hand, several older adults expressed regret 

with the end of the intervention and wished that there were more material to work on. As 

one older adult put it, “we already did it, and now what?... I’m hoping to do more in the 

future and I’ll definitely call you.” The same individual mentioned wishing that the 

sessions were more frequent: “at times I would have loved … to have done it every other 

day.” Another participant indicated that sessions could have been longer than an hour:  
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Actually with some of the tests, we said “let’s keep going.” You said an hour, we 

could have done it for two hours. Because once you get going, then you realize 

the tricks you’re playing and it’s easier to do the next task because you remember. 

Two dyads requested to shorten the duration of the intervention to 9 and 12 

weeks. During interviews, they explained that their motivation and excitement about the 

intervention decreased over time since the tasks became “repetitive” and “boring,” and 

they were “turned off” and “questioning the value” of the tasks, as some tasks did not 

seem relevant to cognition (i.e. visual tasks, discussed below). One of these individuals 

noted, “12 weeks is a long time. It really is.” According to another participant, “it was 

very much fun until we stopped, that’s why we stopped. Because it was no longer fun and 

we both said … that we didn’t feel like coming.” However, one of the older adults who 

ended intervention early stated that “the second set of materials held our interest far more 

than the first set, and have we started with it, we might have continued.” Another 

participant who asked to shorten the intervention mentioned that the two of them were 

busy and tired the day they decided to discontinue the sessions, which might have 

contributed to this decision: “if we had canceled and said let’s do it next Tuesday, maybe 

we would have gone on.”  

Materials. The majority of older adults stated that using the manual was easy and 

self-explanatory. Also, a number of older adults indicated that as time went by and they 

became familiar with tasks, they did not need to read the instructions as they knew what 

was involved. According to one individual, “one we got about midway, we knew what 

the pattern was, the exercises.” Many participants mentioned that there were some typos 

and mistakes in tasks that needed to be corrected. For example, one individual said, 
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“sometimes we found a typo or something that was ambiguous and we marked it on the 

pages.” A few individuals mentioned that on rare occasions, the instructions were not 

clear. One of them said, “it was kind of hard sometimes to understand what they really 

wanted us to do.” Also, two participants mentioned that some of the words in tasks were 

outdated. Further, one participant said that there should be a way to keep the used work 

sheets in the book, as it was difficult to fit them into the binder sleeve (the participants 

were asked to keep the work sheets with the binder). The participants also said that they 

did not have any difficulty using the log sheet, which is included at the beginning of the 

binder. 

With regard to the sand clock, the majority of older adults liked using it and being 

able to see whether the 30 minutes have passed easily. However, in cases where the 

dyads did not meet at home, sometimes the sand clock would fall on the side and the 

participants had to wait for it to finish running or use their cell phone for timing. One 

person shared, “I liked the old fashioned [sand clock]… and I guess you have to let it 

settle before we started. But I liked it, … I prefer that to electronic [timers]. Similarly, 

this individual’s study partner said: “I used my timer on my phone too. It wasn’t a 

problem, but it will tilt over if it’s sliding around in your car.” 

Content. Some participants expressed very positive views about the tasks, stating 

that many exercises were “stimulating,” and “challenging,” although some of the tasks 

were “too easy” and “repetitive.” One of the individuals reported feeling “energized” 

after the initial sessions, comparing mental exercise to physical exercise: “it’s like 

jogging your brain.. so we were really energized, and that’s a good feeling. Anything that 

can do that, and I’m used to doing it … with physical fitness. So it’s nice to have that 
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mental challenge also.” This participant and several others reported that as time went by, 

their enthusiasm diminished due to lack of challenge, excessive repetition, or because 

some tasks seemed irrelevant to cognition. According to one of them, “at the beginning it 

was fun, challenging, but after a while it got repetitive and we got bored with it.” Another 

individual said, “it started as a real challenge [and we] had very high interest level, I 

think, and we worked well together.” However, a few participants did not find the tasks 

redundant. One of them noted, “I didn’t find any of it, it never got redundant, even 

though you’re doing the same tests over and over again, it never got redundant.” 

Some individuals stated that although they noticed an increase in difficulty, they 

wished there was more of an increase. The majority of older adults stated that the variety 

of tasks was appropriate. A number of participants indicated being aware of their 

cognitive strengths and weaknesses in terms of visual vs. verbal tasks, and one participant 

reported enjoying tasks that were easier for that person. As one older adult shared, “I 

found myself challenged on the visual things and probably gave up a little bit too easy.” 

Another older adult elaborated on her strategy when approaching tasks: “how do I beat 

this test? What’s the pattern there, what do I look for, how can I work my way through 

it?” 

Several participants indicated that with time, they were doing better on tasks. One 

of them noted, “I felt like I was … growing.” Another participant recalled, “at the 

beginning we didn’t have enough time, and in the end we were going faster and faster.” 

Another individual said, “with repeating the numbers, I found in the beginning it would 

take me 2 or 3 sets of numbers to warm up, and I got better at it as we did the individual 

exercises and cumulatively I got better.” Interestingly, some participants said that 
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sometimes the material triggered further exploration of the subject and learning new 

information, “we looked up tea, or herb, or spice or whatever, we learned a few things.” 

Also, several participants reported that the material offered them a new perspective on 

things, “one of us would say to the other one- oh, I never would have thought of that.”  

In terms of the specific tasks, several individuals indicated that tasks where they 

listen to a story and were required to answer questions about it were “challenging.” As 

one older adult said, “reading a story, we both had trouble with these. But we got better 

as we went along.” Also, many individuals had difficulty with a deduction task where 

they had to use clues to identify characteristics of several persons. The participants were 

instructed to skip the tasks that were too frustrating or took too long, and several dyads 

skipped the deduction tasks. However, one participant stated that this was the most 

enjoyable task and expressed regret that these tasks were not included in the second 

binder of exercises: “[study partner] didn’t like them at all. I loved them and I was sorry 

that in the second book there were none.” Some older adults mentioned enjoying 

language tasks (word coding, filling the blanks, stating different meanings of the same 

words, etc. ). 

A few individuals thought that some visual attention tasks targeting visual acuity 

rather than cognition, as one put it “some exercises were more like a visual test, like I 

would be doing this in the ophthalmologist office rather than for brain training, so the 

purpose of that was elusive to us.” Most of the participants found a visual attention task 

that provided a key word and required finding the letters among a string of letters that 

also appear in the key word to be “tedious,” and “repetitive.” As one person explained, 

“we both had to get out our glasses. The print was very close together, very jammed 
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together, and I presume for pattern recognition.” On the other hand, one of the 

participants stated enjoying this exercise. 

Some participants did not like open-ended questions because “there was no right 

or wrong,” because they “wanted some closure,” or because the questions were too 

simple or unusual. Several others indicated enjoying the discussion. Examples of open-

ended questions included identifying differences and similarities among objects 

belonging to the same category, imagining the same situation through the eyes of 

different characters, or thinking of ways to improve something (air travel, organized 

religion, etc.). Several other participants said that they “had fun” with those tasks.  

One of the older adults indicated that their dyad expected the training to focus on 

memory and not other cognitive skills: “entirely my fault, I was thinking it would be 

more memory training than brain training. And I’m still not entirely clear about brain 

training, in the sense that for a normal healthy person, what do you train?” This 

participant felt that some of the exercises were more appropriate for cognitive 

rehabilitation, although the second binder of tasks “was far more interesting...far more 

challenging. Repetitive, but still more challenging.” On the other hand, another 

participant reported enjoying the first binder more than the second: “The first book had 

more puzzles than the second book. The second book was way too easy.” 

Adherence. With regard to adherence, the participants reported that they were 

generally not distracted and stayed on tasks during the sessions. One of the older adults 

(friends dyad] shared that “when the hourglass was running we didn’t gossip. I mean, we 

worked for the half an hour and half an hour, and then the timer ran out, we put it flat, we 

chatted, then we turned it over and started [again]… so we were very good about using 
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the 30-minute ... segments.” Another older adult said, “we were very disciplined because 

it wasn’t a social visit, so we stayed pretty much on point. Made a comment or two, but 

that was it.” Sometimes the participants continued working on exercises after the sand 

clock stopped running. One individual admitted, “we lost track of time a few times.” 

Another participant said, “we had to remember sometimes to turn the timer over.” One of 

the participant expressed concern about others’ adherence, saying that “of course we 

didn’t do that, but …we imagined that some pairs would waste some of the time, you 

know if no one is supervising them... You have no idea whether or not we are giving each 

other hints or telling each other the answer, or leading us through the answer.” 

Perceived outcomes. With the exception of a few individuals who felt that their 

cognition improved, the participants said that they did not notice changes in their 

cognition or how they approach daily cognitive tasks over the course or after the 

intervention. When asked about any changes, one participant stated, “That’s hard to say. I 

cannot say for sure that I am aware of. The things that were problems before, like where I 

left my glasses, still exist.” Another older adult shared, “I don’t know what the results are 

one way or another, but I think it’s great that you are doing that type of thing and turning 

it into this kind of a project.” Several individuals expressed high interest in their 

cognitive test scores. According to one person, “I would be curious to see [the scores], I 

don’t think I improved off the top of my head.” 

However, a number of individuals noted being more aware of the need to pay 

attention. One older adult noted, I always tell people, “you look at things but you didn’t 

see it.” And I actually end up getting my own advice thrown back at me because of this 

program. Another individual said, “I make a point and insist on focusing,” and another 
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one stated, “the idea of paying attention is, we had to pay attention to some of the 

exercises, you had to listen to the story and try to remember details. That is, I think, the 

problem we have.” Along the same lines, another individual said, “I think we both, we 

now both listen, it’s not the proper word to use, but “harder”, more attentively.”  

Some of the participants brought up examples of how being mindful about paying 

attention translated to other areas of life. One of them talked about checking her accuracy 

at work more carefully: “I’m verifying more what I’m doing.” Another older adults said: 

When I went to art basel I paid more attention to this kind of painting. I’m 

looking at it and I’m going, “why did they do that?” But I went and I spent more 

time, I didn’t go looking for what I like. I went to see more, maybe to feel what 

somebody else is feeling. 

Suggestions for improvement. The participants expressed that the format, 

setting, and the materials of the intervention were appropriate. The most frequent 

comments regarding improving the program were related to the content, as many older 

adults stated that the tasks should be more challenging, less repetitive, and with higher 

increase in difficulty. As an example, one participant suggested “more variety and maybe 

a little more increased difficulty, because if you can respond and get everything correct, 

that’s not really challenging.” Also, one older adult suggested that although some tasks 

were tedious and time-consuming, “I wouldn’t eliminate any of them.” 

Another individual who enjoyed the deduction table task talked about enjoying 

the challenge:  

When people are complaining about the box squares or that’s too many numbers 

to repeat backwards or forwards, that’s good. Those are the exercises that I want. 
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I don’t want exercises where I can repeat 8 numbers forward. Let’s go backwards. 

I’d be lucky to get 4 … So I think you gotta make it harder.  

Another person suggested having different tasks with the level of difficulty based 

on each individual’s level of cognition: “like a power test, go as far as you can go… go 

by level of difficulty level.” One individual said that it would have been helpful to see an 

explanation for each task in terms of what specific cognitive function it is meant to train, 

since this was not obvious for some of the tasks. A few individuals also mentioned 

addressing some misspelling and semantic errors and clarifying some of the instructions 

in the manual. One of the older adults said that the frequency should be reduced to once a 

week, and another one stated that it should be shorter than 3 months. 

The participants also had ideas about potential application of the intervention. 

One of the participants suggested that the program can be turned into a board game for 

older adults. Another one stated that the researcher should bring the intervention to larger 

institutions, and that dyadic approach can be useful in the Veterans Administration 

setting, with veterans supporting one another and helping each other with rehabilitation 

and reintegration, in the light of lack of medical staff. This individual had an analogy: “I 

might not know how to change a flat tire and be a mechanic, but at 2am I might be 

driving by [researcher] who’s got two flat tires, and I don’t know what I’d do about the 

second, but at least I can, or maybe we can do it together.”  

 Overall experience. In general, the sample indicated that they enjoyed 

participating in the study, found it to be “interesting” and “informative,” and that they 

“were glad to do it.” One individual stated, “I didn’t mind doing this at all. I don’t see 

how anybody would.” When asked whether “the program was a good fit for someone like 
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you,” all of the participants stated that it was. One older adult also reported increased 

confidence: “I really enjoyed it, it has given me confidence in myself. I really think [that] 

by testing myself and analyzing, I’m in better shape with my memory than I thought, so 

my self-esteem is up.” Another person stated that it was “fun to do something a little bit 

different … it allowed me to think a little bit out of the box and do things a little bit 

differently.” Another participant said, “I like the overall concept of it because I think it’s 

a really good thing to do.” Further, one individual stated, “I found it interesting and I’d 

like to know where this exercise would come out, and I see a great possibility for, like a 

saying “people helping people”. 

It appeared the majority of the participants who decided to take part in the study 

despite lack of reimbursement, were acutely aware of the need to stay engaged and 

occupied, and motivated to enrich their lives with the Brain Training opportunity. These 

older adults appreciated the importance of cognitive stimulation and mental challenge, 

particularly in older age, and the need to push oneself. One older adult talked about 

noticing that some peers become disengaged and do not keep up with technology. 

Another one observed:  

I don’t seem to finish things. So I have to work at it and it could be that you live 

alone, it could be because you get old and “grudgedy,” and that’s why I do a lot of 

volunteer work. I’m always helping somebody. I don’t do it for the money, I do it 

because I can. And I do get a lot of satisfaction out of problem-solving and fixing 

things. And there will come a time with every human being when we can’t 

balance a check book and we can’t get out of a bath tub. Because we’re living 

longer. 
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Some individuals also said that they valued the opportunity to contribute to 

research and to the researcher’s scholarly pursuits. As one older adult said, “overall I’m 

more curious about your academic pursuit with this than I was with my own 

participation.” Another person stated, “[it was] fun to do something different and to see a 

way of helping you out in your work because of the fact that hopefully it will help me in 

the long run.” Also, several older adults said that they were interested in finding out 

about the methodology and the results of the study. One interviewee said, “I’m curious 

about the sample, …about the validity, … and what you’ll do with it later.” 
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V. DISCUSSION 

The study involved evaluation of a novel approach to paper-and-pencil cognitive 

training, which employed self-administered, dyadic intervention with coaching, 

combining the benefits of cognitive and social engagement. Because this approach has 

not been investigated before, the focus of the study was to explore the participants’ 

experiences with the cognitive training program and determine whether the dyadic 

approach was feasible and whether the older adults were receptive to the intervention. 

The main goal was to establish whether the intervention may be beneficial in cognitively 

healthy older population and should be evaluated in larger scale studies. Lastly, the study 

aimed to point to the appropriate setting, dosage, and materials for dyadic cognitive 

training intervention in future studies.  

Even though the study included a pre- and post-intervention assessment, the 

design of the study did not allow drawing firm conclusions with regard to the efficacy of 

the program since the focus was on feasibility, a necessary step preceding efficacy testing 

in subsequent RCTs. For this reason, external validity/generalizability was the priority in 

the study, and the design was characterized by broad inclusion criteria, small sample size, 

and absence of a control group. Overall, the results of the study were promising and 

showed that the self-administered, dyadic approach with coaching was well-received by 

the participants who appreciated flexibility and accessibility of the program. Participant 

interviews provided useful information with regard to their experience with the program 

and suggestions on how it can be improved. The study also shed light on numerous 

recruitment, retention and adherence, materials, and other methodological factors which 

may be relevant in future research. These findings are discussed below. 
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Recruitment 

Recruitment of participants was more difficult and took longer than anticipated. 

The time of recruitment (summer) contributed to this issue, since many English-speaking 

older adults (“snowbirds”) reside in the North-East during the summer months, and come 

back to Florida during the winter months. Also, many older adults travel during the 

summer. Limiting the participants to English-speaking individuals created another barrier 

to recruitment, as many older adults in South Florida are Spanish-speaking. These issues 

contributed to the fact that the sample was not representative, as the majority were 

Caucasian older adults with college or graduate-level education and likely higher income. 

Going forward, it is important to adapt the materials in Spanish and other languages and 

use translated versions of assessment tools which have been standardized in other 

languages and populations. 

With regard to the recruitment sources, the study demonstrated that a number of 

recruitment strategies were effective, ranging from flyers placed in public libraries, senior 

centers, and coffee shops to CraigsList advertisements, snowball recruitment, and 

attendance of psychoeducational presentations. The fact that other strategies (flyers in 

low-income senior housing, community health centers, YMCAs, etc.) produced some 

contacts but did not lead to participant enrollment points to the self-selection bias in the 

study. It is possible that older adults who visit libraries, attend senior center activities, use 

the internet, and attend psychoeducational events are more likely to be educated and 

motivated to stay active and informed, promote their cognitive vitality and overall well-

being, and take part in research despite the lack of reimbursement.  
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It should be noted that many public locations (public parks, recreation facilities, 

etc.), low-income senior housing buildings, and other residential buildings do not allow 

flyers being posted on their message boards. Despite the non-profit nature of the study, 

administrators of many locations viewed the flyers as advertisement, and did not approve 

for them to be posted. This limited the number of places where the flyers could be placed, 

and might have contributed to the skewness of the sample. Making personal connections 

with program directors and other managerial staff via email or in-person proved to 

greatly improve the chances of successful recruitment. 

Another unanticipated finding during recruitment was that more non-spousal 

dyads enrolled in the study and began the intervention compared to participants who 

enrolled with their spouse. Six dyads included friends, neighbors, and unfamiliar older 

adults, and five dyads were married couples. Additionally, one of the participants was 

married and resided with her spouse, but chose to participate in the program with her 

friend. These findings supports the idea that limiting dyadic cognitive training to couples 

is inappropriate, as it would lead to exclusion of many single, widowed, divorced, 

separated, and even married older adults interested in participating with another familiar 

or unfamiliar older adult.  

Notably, a number of older adults interested in participating in the study did not 

enroll due to not having a study partner. This was one of the main reasons for not 

enrolling, which was an unexpected finding. Several of these individuals inquired 

whether they could be connected with another potential participant in need of a study 

partner, which was successfully carried out for one of the dyads. This demonstrates that 

many older adults are interested in promoting their cognitive functioning and are willing 
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to engage in dyadic training even with an unfamiliar person. This also suggests that 

potentially, dyadic cognitive training can be offered as a class in community settings 

where older adults can team up with both familiar and unfamiliar peers. Moreover, in 

such programs older adults may pair up with different study partners during each session, 

which further increases flexibility of the dyadic, paper-and-pencil approach. 

Retention  

Originally, a total of 11 dyads enrolled in the study and underwent pre-

intervention assessment. Two of the dyads withdrew from the study. In one case, the two 

older adults were unfamiliar seniors connected by the researcher, and one of them 

expressed concern about their age difference, difference in retirement status, and residing 

too far from one another. One of these older adults was driving, and the other one had 

access to transportation services free of charge. Nevertheless, one of the older adults 

requested to be paired up with someone who is also retired and lives closer. This issue 

pointed to the importance of study partners living close to one another, regardless of 

whether they are familiar or unfamiliar older adults. In case of unfamiliar dyads, future 

studies need to take into account geographic factor when connecting older adults. 

Participant interviews confirmed this conclusion, as many of the respondents stated that 

not having to travel was among the most important characteristic of the intervention. 

Also, both participants in the unfamiliar dyad said that the convenience of meeting at the 

senior center, which was within walking distance for both of them, contributed greatly to 

their ability and willingness to participate in the study. 

The other dyad that withdrew immediately after the pre-intervention included two 

neighbors living in the same building. One of them was a native English speaker, and the 
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other older adult was Spanish-speaking. The Spanish speaking individual changed her 

mind about participating due to health problems and concern about the language barrier. 

Again, this points to the importance of a good fit among the two participants in terms of 

language and health status, in addition to the employment status and residential location. 

During the course of the intervention, two dyads dropped out of the study. In one 

case (neighbors dyad), one of the participants passed away. In the other case (spousal 

dyad), one of the participants had serious health issues. This represents an acceptable 

drop-out rate of 22%, which is relatively close to the hypothesized attrition rate of 20% 

(Research Question 1, “What are the participants’ retention and adherence rates?”; 

Hypothesis 1.1). In comparison to this rate, other cognitive training studies had attrition 

rates ranging from 2 to 48 percent, with higher attrition among computerized 

interventions.  

Adherence 

It was hypothesized that on average, the participants would complete 80 percent 

(19 out of 24) sessions. In the study, the adherence rate was 15.14 sessions, suggesting 

that Hypothesis 1.2 should be rejected. However, participants’ adherence rate was 

affected by the fact that two dyads requested to shorten the intervention to 9 and 12 

sessions because they felt that many tasks were too easy and the tasks were getting 

repetitive. Also, three dyads completed all tasks within fewer sessions (13, 16, and 21 

sessions). The only dyad that completed 24 sessions decided to shorten the sessions 

toward the end of the intervention to ensure that they had enough tasks to stretch over the 

remainder of 24 sessions. Another factor that affected adherence was that for many 
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dyads, intervention fell on Thanksgiving and Christmas holidays, which affected their 

ability to schedule the cognitive training sessions during that time.  

The variability in frequency and duration of the intervention among the 

participants points to several conclusions. First, 24 sessions over 12 weeks maybe an 

overly long duration for such an intervention, particularly when the participants are 

unable to meet twice a week. Second, there is a need to include more challenging tasks in 

the intervention to ensure that the participants’ enthusiasm and motivation do not 

diminish. Third, the variability in the number of sessions it took to complete all tasks 

demonstrates that some older adults are much faster than others, so again, more tasks of 

more challenging nature need to be included in the manual. Based on their interviews, the 

participants stayed on tasks and worked on the material during the sessions, with an 

exception of occasional comments. Not having a facilitator did not seem to affect the 

participants’ compliance with the intervention. 

Quantitative Findings 

Since the study focused on feasibility, the results of the statistical analyses should 

be interpreted with caution. Specifically, the interpretation of results is complicated by a 

lack of a control group, violations of assumptions in several cognitive and the majority of 

self-report variables, and variability in the participants’ demographic characteristics and 

the number of sessions completed. Also, the number of individuals who completed the 

intervention and post-intervention assessment (N = 14) was lower than the minimum 

number of 20 required for the power of .80, as indicated by the a-priori power analysis.  

It should also be noted that due to difficulty with recruitment, inclusion criteria 

were expanded to include several participants who underwent cognitive testing as part of 
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medical research within the previous several years, and one participant on a daily 

cognition-enhancing medication (in the absence of MCI or dementia diagnosis). 

Additionally, one of the participants was diagnosed with a brain tumor shortly after 

completing the post-intervention assessment. Although these factors complicate the 

interpretation of the results, they illustrate the fact that older adult population is highly 

multifaceted and diverse, and there is a need to utilize less stringent criteria when it 

comes to older adults in research in order to reduce barriers to participation and increase 

representativeness of the sample, as discussed by Mody et al. (2008).   

Pre- and post-test cognitive measures included MMSE, Stroop Color-Word Test, 

TMT, and comprehensive neuropsychological battery RBANS-U (two different forms of 

RBANS-U were administered to participants at pre- and post-intervention assessment to 

reduce potential practice effects). Of note, Stroop and TMT population age norms were 

based on three-year increments (i.e., 64-66 years, 67-69 year, etc.; Ivnik et al., 1996). In 

contrast, RBANS-U publisher norms are based on ten-year increments (i.e., 60-69 year, 

70-79 years, etc.; Randolph, 2012). As a result, these norms may not adequately 

differentiate between individuals of various ages or capture the subtle cognitive decline 

that occurs over the course of 10 years in older adults. For example, two individuals aged 

70 and 79 are both compared to the same population mean, which may result in inflated 

scores for the younger individual and lower scores for the older individual. 

MMSE and PHQ-9 were a part of the screening procedure and post-test 

assessment. Self-report measures assessed depression (PHQ-9), quality of life 

(WHOQOL-OLD), health status (RAND SF-36), and daily functioning/IADLs (B-ADL). 

Both parametric and non-parametric tests were utilized in the study. Parametric tests were 
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supplied by non-parametric tests due to the small sample size and violation of normality 

assumption for several cognitive variables. Non-parametric statistics were utilized for 

self-report measures, since the vast majority of these variables were not normally 

distributed. 

Despite the relatively high educational level among the participants, the sample 

demonstrated average cognitive functioning which points to the generalizability of the 

sample with regard to cognition. The exceptions were scores on a measure of attention, 

processing, and multitasking, which were significantly higher than the population mean, 

and measures of visuospatial skills and delayed visual memory, which were lower than 

the population mean. As a group, the participants’ attention appeared to be a relative 

strength compared to other cognitive functions. 

Hypothesis 4.1 (association of education, age, and health status with pre-test 

cognitive scores; no association with gender) was partially rejected. Educational level 

was not associated with scores on any cognitive measures, while age was positively 

correlated with language skills only. As for the health status, lower executive control was 

linked with higher levels of pain, and weaker language skills were related to lower 

energy, sensory functioning, and overall health. Poor visuospatial skills were also 

associated with lower sensory functioning. When males and females were compared on 

cognitive test scores, males outperformed females on measures of visuospatial reasoning 

and delayed visual memory, suggesting that significant deviations from the population 

norm on these measures were attributable to the lower performance among female 

participants.  
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For self-report measures, the sample scored around 75 and higher (maximum 

score = 100) on the majority of quality of life and health status domains, but reported 

lower energy (median score of 66). The participants reported little difficulty in IADLs. 

No gender differences were found on self-report scores.  Interestingly, older age was 

linked with concern about dying only, while retired participants had significantly higher 

level of depressive symptoms, lower energy, and lower overall health, in addition to 

higher concern about dying. This suggests that retirement status has a stronger 

relationship with perceived health and well-being compared to age. Since age was linked 

with language skills and married and retired participants were older, it is not surprising 

that they scored higher on language skills compared to those employed and not married. 

Married individuals also tended to be more educated.  

The four individuals who dropped out during the course of the intervention did 

not differ from the rest of the sample, with the exception of lower attention scores and 

lower self-reported health scores. Higher number of sessions completed and the duration 

of intervention were associated with lower scores on several cognitive and self-report 

measures. It is possible that individuals with weaker cognitive skills and lower levels of 

health and quality of life took longer to complete the tasks. It is also possible that these 

individuals were more concerned about their cognition or more aware of their cognitive 

weaknesses and therefore, were more motivated to complete the program in its entirety.  

The results of pre- to post-intervention analyses addressed Research Question 3, 

change in cognitive and self-report scores from pre- to post-intervention. As previously, 

discussed, the aim of cognitive interventions is to address cognitive decline by delaying 

its onset and/or slowing its progression, which takes longer period of time and a control 
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group to demonstrate. Thus, methodological issues in the present study limit the 

interpretability of the quantitative results. With this in mind, Hypothesis 3.1 (no decline 

and possibly improvement in some scores) was generally supported, since as a group, the 

participants did not decline on any cognitive scores, improved on two cognitive 

measures, but also demonstrated a decrease on one self-report score (concern about 

dying).  

Significant improvements were observed on a measure of visuospatial skills and a 

measure of delayed visual memory, with small-to-medium effect sizes. Additional 

analyses indicated that these changes in group scores were attributable to female 

participants’ improvements, but not male older adults. When the analyses were run 

separately for men and women, men did not demonstrate changes in scores, but females 

improved significantly on visuospatial reasoning and delayed visual memory with large 

effect sizes (-1.84 and -1.35, respectively). Although following Bonferroni correction, 

only one of these scores was significant (visuospatial skills), large effect sizes point to 

meaningful changes in females’ scores from pre- to post-intervention. 

One possible explanation for this finding is that the cognitive training tasks were 

more effective for visual processing skills, rather than verbal or auditory skills. However, 

this does not explain the fact that only females significantly improved on visual 

measures. A different explanation may be more plausible as it addresses gender 

differences. Because females scored significantly lower on visuospatial and delayed 

visual memory measures compared to males (and the population mean) at pre-test, and 

they were also the subgroup of participants who exhibited significant improvements in 

these cognitive skills, it can be suggested that participants with more pronounced 
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weaknesses in specific functions are more likely to improve their functioning in these 

weaker areas and benefit most from the intervention.  

The fact that individuals with lower baseline scores on visuospatial and delayed 

visual memory measures improved in these areas also suggests that identifying weaker 

cognitive functions in older adults and using cognitive training tasks to target these 

functions may be a more effective strategy than generalized or multi-domain cognitive 

training. This strategy was employed by Shatil (2013) who administered cognitive 

training tasks to the participants based on their weaknesses at baseline. However, other 

research findings suggested that multi-domain, generalized cognitive training is more 

efficacious compared to single-domain cognitive training (e.g., Cheng et al., 2013). Using 

individualized approach based on the participants’ weaknesses would be difficult in 

dyadic cognitive training since it would require two manuals per dyad (unless both 

participants exhibit weaknesses in the same cognitive domains) and may be overly 

repetitive due to small variability of tasks, contributing to boredom and loss of 

motivation.  

Individual evaluation of participants’ cognitive scores revealed that while the 

majority of test scores remained stable from pre- to post-intervention assessment, the 

participants exhibited both increases and decreases in certain scores, with more increases 

than decreases observed. A change of one standard deviation or more was used for this 

exploratory analysis, which is an arbitrary benchmark. Interestingly, a number of 

participants improved in their visuospatial skills and language, but more participants had 

a decrease in scores on measures of attention/ multitasking and delayed memory 

compared to those who improved in these skills. Forty-three percent of participants 
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improved on at least one measure of executive functioning, and the majority (71 percent) 

improved on at least one RBANS-U cognitive domain. Two illustrative case studies 

demonstrated that the participants’ scores increased by at least one standard deviation on 

a number of cognitive tests (in some cases by two standard deviations or more), which 

points to the need to further explore this intervention in a larger sample. 

It is important to keep in mind that in the absence of a control group, it cannot be 

determined whether the improvements were attributable to increased socialization, 

increased general engagement, maturation, practice effects, or other factors. The potential 

effects of increased social and general engagement have been addressed in studies by 

employing an active (or placebo) control group, which is a crucial component in 

cognitive training research. Maturation is unlikely in this case, since the natural course of 

cognition is gradual decline in older adults. As for the practice effects, different forms of 

RBANS-U were administered at pre- and post-test to address this issue, and the period 

between assessments was substantial (7 to 24 weeks). Also, if improvements were caused 

by practice effects, it is not clear why there was a lack of similar improvement on other 

components of the same measures and why there were some decreases in scores among 

participants. It is also difficult to determine whether decreases in cognitive scores 

occurred due to natural decline, situational variables, or other factors.  

On a side note, one of the issues discussed by cognitive training researchers is the 

question of transfer, or whether the effects of training expand to untrained domains. Near-

transfer refers to domains that are close to the targeted functions, while the far-transfer 

refers to domains that are distinctively different from the trained skills (Jaeggi, 

Buschkuehl, Shah, & Jonides, 2013). The results of the study point to near-transfer since 



 

 

143 
 

visual memory was not among the functions targeted by the intervention. Another 

question that arises in cognitive training research is whether cognitive training transfers 

onto IADLs. In the study, a measure of self-reported and spouse-reported (in spousal 

dyads) daily functioning was included, but was not related to any of the cognitive 

outcomes. Also, the participants did not have significant changes in scores from before to 

after the intervention on any of the self-report measures. An exception was increased 

concern about dying, which may stem from maturation/aging factors. Due to subjectivity 

of such measures and lack of follow-up assessment in the study, future studies need to 

incorporate objective measures of daily functioning that require participants perform 

simple tasks using common objects that simulate daily activities (e.g., “Timed ADL 

Tasks,” Owsley, Sloane, McGwin, & Ball, K., 2002). 

Lastly, Research Question 4, “is there a relationship between participant 

characteristics and their scores on the outcome measures?” was evaluated. Hypothesis 4.1 

(lower education, older age, and lower health status related to lower pre-test cognition; no 

effect of gender) was rejected, since education was not linked with cognition, older age 

was related to higher language scores only, and females scored lower than males on some 

measures. However, lower scores on certain aspects of health did correspond with lower 

scores on several cognitive measures. 

As noted earlier, maintaining cognitive vitality in older age and slowing down 

cognitive decline or delaying its onset are the main goals of cognitive training 

interventions (Ball et al., 2014). Thus, establishing efficacy of cognitive training requires 

an active control group and extensive follow-up assessments. Nevertheless, group and 

individual improvement in some cognitive functions is an important and promising 
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finding in this feasibility study. It provides preliminary evidence that dyadic, self-

administered approach to cognitive training may help address cognitive decline in healthy 

older adults. 

Qualitative Findings 

Overall, the qualitative data demonstrated that self-administered, dyadic approach 

with coaching was feasible and was characterized by high participant acceptability. In 

their interviews, the participants reported that participating in cognitive training with a 

study partner contributed to their motivation and helped them to maintain their self-

discipline and focus. It also provided them with an opportunity to socialize, spend time 

with each other, and learn more about one another. 

As expected, spousal dyads met at home. Non-spousal dyads met at public 

locations that were convenient for them, including a senior center, coffee shop, and 

common area in an apartment building. The participants indicated that they appreciated 

flexibility of the intervention and the ability to have sessions at home or another location 

of their choice. They did not report difficulty coordinating schedules, although some 

older adults said that it took an effort to make the time for the sessions. Not having to 

travel was an important aspect of cognitive training, as a number of individuals stated 

that they would not have participated if this were not the case. This highlights the fact 

that onsite interventions may not be accessible to broader older adult population, and it is 

necessary for research and community programs to adopt to the needs of the older adults 

in order to ensure their access to cognitive training, enhance external validity of such 

programs, and increase their relevance to existing modes of service delivery.  
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With regard to frequency and duration, some participants stated that 12 weeks 

was too long for the intervention. The two dyads that requested to finish earlier made that 

decision due to issues with the content of the intervention, as opposed to the 

overwhelming duration of the intervention. Some participants said that twice a week 

schedule worked for them, while others reported that once a week would have been more 

reasonable, and that is what they had been managing. On the other hand, two dyads 

wished that there were more tasks to work on and more sessions.  

The content of the intervention and the nature of tasks was the main concern 

among the participants. The majority of participants indicated that many tasks were too 

easy and that they appreciated more challenging exercises. For some older adults, this 

contributed to boredom and loss of interest in the intervention, and two dyads requested 

to shorten its duration. A few participants questioned the value of the intervention and did 

not see the connection between some visual tasks and cognitive functioning. One 

participant suggested that a brief explanation of how specific tasks relate to daily 

cognition is included. Also, a number of participants stated that they wished there was 

more of an increase in difficulty in the exercises.  

Since the tasks were adopted from the cognitive rehabilitation books developed 

for individuals with neurological damage, more difficult tasks were selected from these 

sources. Nevertheless, some of the exercises were too simple for the sample, and future 

studies need to incorporate more challenging tasks with a sharper increase in difficulty 

for healthy older adults. However, it is noteworthy that the sample was highly educated 

and cognitively engaged, and it is possible the same tasks would pose more of a challenge 
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for older adults with lower baseline cognitive status, lower health status, lower education, 

or other factors. 

Several participants were aware of their strengths and weaknesses, as they stated 

that they were better at visual or verbal tasks. Some participants reported that they felt 

that their performance on tasks was improving with time. A few participants noted that 

some tasks offered them a new perspective on the topic, allowed them to learn something 

new, or triggered further exploration of the subject. Others reported that they were 

becoming tired of the intervention because some tasks were overly tedious and repetitive.  

Most older adults commented on enjoying verbal memory exercises that involved 

listening to a story and answering questions about it, which they also found challenging. 

Also, participants reported that they liked visual and verbal coding exercises, guessing 

what the word is based on clues, and language tasks. The task that the majority of 

respondents disliked and found boring, tedious, and repetitive was a task of visual 

attention, which required crossing out letters in a string of letters that also appeared in the 

keyword and counting them. Some older adults complained that the font was too small 

and narrow, which made it strenuous on their eyes. It would probably be acceptable to 

include this task in future studies, as long as the font is adequate, it is not repeated too 

many times, and it is explained that the task targets visual attention and scanning abilities.  

A number of participants found a verbal deduction task that required listening to 

clues and filling out a table about several characters to be too difficult. Many participants 

skipped that exercise. However, this was one of the participants’ favorite task, who 

appreciated the challenge and was disappointed that this exercise was removed from the 

second binder of tasks. Similarly, some older adults indicated that they did not like open-



 

 

147 
 

ended, discussion tasks, while others reported enjoying them, and some others found 

them silly.  

The format of the manual and the fact that it was shared did not cause any issues 

among the participants. The individuals mentioned that on a few occasions there were 

errors and unclear instructions, which needs to be addressed in future studies. Also, it 

appeared that it was not clear to some of the participants how to use the log sheet, as they 

used two rows per session instead of one. The log sheets can be easily modified in the 

future. Additionally, it seems that for tasks that include a Work Sheet, it would be easier 

if this sheet is placed before the page with task instructions rather than after. Lastly, there 

needs to be a larger compartment in the manual to store the used Work Sheets. Based on 

the older adults’ feedback, the 30-minute sand clock is a good visual tool to keep track of 

time during the sessions, which works best for dyads meeting at home. For dyads who 

meet outside the home or travel, the sand clock may not be practical as it can fall on the 

side and take a long time to reset. Electronic timer with a beeper would be preferable in 

cases where cognitive training sessions take place outside the home. 

One of the concerns regarding the dyadic format was dyad interaction and a risk 

of negative feelings or conflicts. The vast majority of participants stated that being the 

trainer or being the student during cognitive training sessions did not create interpersonal 

problems. Few participants reported that initially, there was some nervousness about 

giving correct answers and also a feeling of competitiveness, but this was not the case in 

later sessions. Also, all participants stated that dyadic format did not affect their 

interaction or relationship in a negative way. It appeared that having a pre-existing 

positive relationship contributed to having a positive experience in dyadic training. For 
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the unfamiliar dyad, having similar approach to training and similar interests helped the 

participants get along and work well together. 

When asked whether they noticed any differences in cognition as a result of the 

intervention, a number of participants reported being more aware of the importance to 

pay attention in their daily lives. While a few participants stated that they felt their 

cognitive skills became stronger, most older adults said that they did not notice any 

improvements in cognitive skills or daily functioning. With regard to the overall 

experience, the participants indicated that they enjoyed taking part in the study since they 

appreciated an opportunity to do something new and something different, increase mental 

stimulation, contribute to research, and help the researcher’s academic work. Some 

participants offered ideas with regard to applying the dyadic concept to other populations 

or developing a cognitive training board game in older adults. 

It can be concluded regarding Research Question 2, “What are the participants’ 

experiences with the intervention?” that for the most part, the participants responded 

positively to the novel approach. With some modifications in content, materials, and 

duration, the dyadic intervention can be utilized in larger studies and RCTs in order to 

evaluate its efficacy. 

Study Strengths and Limitations 

Strengths. The major strength of the feasibility study is that it evaluated a novel 

intervention for cognitive decline in healthy older adults. As older adults live longer and 

age-related cognitive changes increasingly affect their quality of life, it is important to 

investigate interventions that may contribute to cognitive health in this population. This 

may be particularly true for non-pharmacological interventions that are relatively low 
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cost, flexible and accessible to a wide range of individuals, and are similar to cognitive 

training programs that have already been demonstrated to be effective in healthy older 

adults.  

The novelty of the intervention is in its dyadic home-based format, with older 

adults taking turns to train one another. It appears that to date, only one dyadic 

intervention for cognitive decline has been tested in older population. Margrett and Willis 

(2006) employed home-based cognitive training among older couples; however their 

intervention was based on partner collaboration, rather than coaching and turn-taking. 

Collaboration may result in one partner taking the lead on tasks, while the other partner is 

less actively involved, and one partner may compensate for the cognitive weaknesses of 

the other. In the study, both partners had to work on tasks individually as they trained one 

another for 30 minutes each. Based on an extensive literature search, partner coaching 

and turn-taking have not been explored in cognitive training research.   

Another strength of the study is that the flexible format of the intervention likely 

contributed to its external validity. The fact that the participants engaged in the 

intervention at home or another convenient location minimized issues related to 

scheduling, mobility, caretaking, transportation, and weather conditions, all of which may 

arise with onsite interventions. Home-based approach may be accessible to older adults 

who are frail, have chronic illnesses, physical disability, caregiving responsibilities, and 

transportation issues. It can potentially include older adults who are most likely to be in 

need of, and/or to benefit from cognitive training interventions, and yet are typically 

excluded from conventional cognitive training studies due to stringent inclusion criteria 

and high participant burden.  



 

 

150 
 

Thus, the sample in the study may be more representative of the target population 

in terms of mobility and health since it does not exclude individuals unable to travel to a 

research site for various reasons. This conclusion is supported by the qualitative data, as 

older adults shared that the convenience of the intervention was one of the determining 

factors in their decision to participate, which likely reflects the attitudes of the broader 

older adult population. External validity was also enhanced by including participants over 

the age of 65 without the age limit. Some previous studies excluded older adults over the 

age of 75 (e.g., Mosolic et al., 2011), which results in a sample that is not representative 

of the general older adult population. 

Paper-and-pencil format of the intervention contributed to its flexibility and 

relatively low cost, since no computers or internet connection were needed. Additionally, 

paper-and-pencil format does not raise issues related to computer stress and computer 

fatigue. In one study, computer stress was among the causes of attrition, and the attrition 

rate was very high (48 percent; Shatil, 2013). In another study on computerized cognitive 

training, the attrition rate was also high (35 percent, Corbett et al., 2015). These findings 

confirm that computerized approach is not suitable for all older adults, and paper-and-

pencil programs should also be developed and evaluated based on the needs of the older 

adult population.  

The format and setting of the intervention may also provide a considerable level 

of flexibility on the part of agencies which may employ this cognitive training program in 

the future. Since the intervention does not require facilities or computers and is associated 

with a relatively low level of staff involvement, it may present a feasible option for 

agencies with limited budget and resources. For instance, a cognitive training “group” or 
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“class” can be offered in senior centers along with fitness and recreational programs.  

Another strength of the intervention is that it promotes older adults’ 

empowerment and self-determination. Older adults are provided tools to increase their 

cognitive engagement, but it is their choice when, where, and with whom cognitive 

training takes place. This approach can help older adults recognize that they have the 

power to make the changes in their lives that would promote their well-being, and also 

become more aware of the benefits of involving peers in this process. Dyadic approach 

demonstrates that older adults can use each other as a resource and as a support, which 

can foster meaningful relationships and contribute to their social engagement and quality 

of life.  

Among the advantages of the study design is utilization of RBANS-U (Randolph, 

2012) as the main outcome measure assessing cognition. This battery of cognitive tests 

was specifically designed to provide a brief, yet comprehensive assessment of various 

cognitive domains and allow for re-assessment within a short period of time, which is 

important when dealing with older adults. Two different forms of RBANS-U were 

administered to the participants at pre-and post-intervention to minimize practice effects, 

which may be an issue particularly when it comes to measures of verbal memory that 

include stories and word lists. Because the participants were exposed to an entirely 

different set of items the second time they were tested, it was expected that prior 

RBANS-U administration did not significantly affect their results. 

Further, qualitative component of the study provided in-depth information about 

participants’ experiences with the intervention. Allowing older adults to voice their 

opinions about the intervention is a vital part of developing a behavioral treatment, since 
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ultimately, they are the consumers, and the success of the intervention depends on their 

acceptance of the program. Qualitative interviews shed light on what worked and what 

did not work for older adults in terms of format, setting, content, materials, facilitation, 

and frequency and duration of the intervention. This feedback is vital for making 

modifications to the cognitive training program for subsequent trials and informs future 

studies utilizing the dyadic intervention, as well as other studies on cognitive training in 

older adults.  

Another strength of the study is that it is geared towards the social work audience, 

with a goal of raising the social workers’ awareness about the importance of cognitive 

vitality, ways to address cognitive decline, and the relevance of the dyadic cognitive 

training in community settings. Since cognitive intervention research typically involves 

the fields of psychology, neuropsychology, psychiatry, nursing, and neurology, there is a 

need to increase the involvement of social workers in the area of cognition and aging. 

Social workers can play an important role in promoting cognitive vitality in older adults 

by advocating for cognitive training programming, doing community outreach, and 

facilitating cognition-based interventions both in research settings and in local agencies 

serving older adults. These implications are discussed in more detail in the Relevance to 

Social Work section. 

Limitations. It may be argued that small sample size, lack of a control group, and 

lack of follow-up assessment undermine the design of the study. However, it is important 

to keep in mind that the primary goal of the study was to assess feasibility of a novel 

intervention and address any potential issues before efficacy studies can take place. 

Feasibility (Stage I) studies are typically characterized by small samples since the goal is 
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to make appropriate modifications and specify the details of the intervention before 

moving on to larger, Stage II efficacy trials (Rounsaville & Carroll, 2001). Nevertheless, 

the number of participants who completed all parts of the study (N = 14) was smaller than 

the minimum number of 20 indicated by the a-priori power analysis, which impacted the 

statistical power of the results and the ability to interpret the findings. Attrition rate of 

22% was comparable to other cognitive training studies. 

Even though quantitative component was secondary in this study, some 

limitations are worth noting. Insufficient diversity of the sample was a weakness, as the 

majority were educated Caucasian older adults. There were more females than males in 

the sample, and only two participants were Hispanic/Latino, while only one was African-

American. As a result, the sample was not representative of the general population. 

Demographic characteristics of the sample were largely due to the eligibility criterion of 

English language fluency. While there is a large Hispanic/Latino older adult population in 

South Florida who tend to have lower level of education, it appears that many of them are 

not fluent in English. Translating intervention materials and acquiring assessment 

instruments in Spanish was not feasible in the study. On the other hand, many of 

Caucasian older adults in this area are retirees from other states, and have higher 

education and income, which explains the unusually high educational level in the sample. 

Practice effects are always a potential issue when cognitive measures are included 

in pre-test - post-test studies. Although the shortest period of time between the two 

assessment sessions was 7 weeks and two forms of RBANS-U were utilized, there was 

still a risk of practice effects on RBANS-U, and particularly on Stroop and TMT. The fact 

that some participants’ performance remained stable or decreased from first assessment to 
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the second suggests that practice effects did not influence all scores to the same degree. 

The issue of practice effects was also complicated by the fact that there was a wide range 

in time between baseline and post-intervention assessment among the participants. Future 

research should incorporate reliable change scores, which account for age-related 

cognitive changes and practice effects in participants.  

Exposure bias could also affect the results of the study. First, the participants who 

withdrew from the study differed from those who did not on their attention scores and 

several self-report scores. It is possible that if these individuals completed the post-test 

assessment the sample scores would have been different. Second, the fact that there was a 

substantial variation in the number of sessions completed, number of weeks of 

intervention, and number of weeks between the two assessment sessions among the 

participants complicates interpretation of the results. The participants received different 

“dose” of the intervention over different time periods, which likely affected their 

response to treatment. The difference in dosage was partially due to the self-administered 

format of the intervention, which ensured its flexibility at the cost of adherence problems. 

Additionally, Thanksgiving and Christmas holidays coincided with the intervention for a 

number of dyads, which also contributed to adherence issues. Moreover, several dyads 

were able to complete all tasks within shorter number of sessions, which points to another 

limitation in the study- insufficient number of tasks for 24 sessions. 

As previously discussed, an important limitation in the study was also the absence 

of an objective, performance-based measure of IADLs (in addition to a self-reported ADL 

scale), which is a common caveat in cognitive intervention studies (Papp et al., 2009). 

Performance-based measures typically require an extensive set of real-life testing items, 
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such as a shelf and a telephone (e.g., Timed ADL, Owsley et al., 2002), which was not 

feasible in the study. It is expected that maintained or improved cognitive performance 

translates into functional outcomes (Ball et al., 2014), and future studies need to 

incorporate an objective measure of IADLs. In addition, it would have been beneficial to 

include measures of verbal and non-verbal reasoning in the study, since the intervention 

targeted this cognitive domain. Also, because of the peer-based approach, dyad 

relationship or interaction might have affected treatment outcomes, adherence, and other 

factors in the study. Incorporating a measure of relationship/ interaction dynamics in 

future studies on dyadic cognitive training will allow exploring the potential link between 

interpersonal factors, cognition, and efficacy of dyadic cognitive training.  

Lastly, researcher bias must be mentioned among the limitations, since the 

researcher performed all assessments, data scoring and analysis, and was invested in the 

success of the cognitive training intervention, which might affect the results. This 

limitation can be addressed in future RCTs by utilizing an active control group and 

blinding assessors to the participants’ experimental condition. All interviews were also 

coded by the researcher and the resulting codes were not cross-validated by other 

researchers. This might have resulted in limited codes or miscoded participant responses. 

On a side note, the intervention manual was not environmentally conscious, as it required 

printing of about 500 pages per dyad. In the future, this can be addressed by laminating 

the pages and using an erasable marker to mark answers on Work Sheets, which would 

allow re-using the manual. 

Significance of the Study 

The study is significant as it evaluates a unique cognitive training intervention, 
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which has not been previously employed in the literature. To date, very few studies have 

utilized home-based cognitive training, and there is a lack of studies that include dyadic, 

peer-learning approach. The results of the study contribute to the existing literature on 

cognition-based interventions for cognitive decline in healthy adults, and may stimulate 

research focusing on dyadic cognitive training, as well as replication studies.  

One of the main benefits of home-based dyadic cognitive training is that it is 

easily accessible and can accommodate broader older population. It is convenient and 

flexible, since it does not require travel or the use of a computer. Dyadic format can also 

increase socialization among older adults, which has been found to be beneficial in this 

population (Zunzunegui et al., 2003). This intervention is also relatively economical, as it 

does not require transportation services, scheduling, agency space, or computers, and 

involves limited supervision (Margrett & Willis, 2006). In the light of these advantages, 

the finding that this approach is feasible and well-received by the participants is an 

important foundation for future research.  

Combined with some promising statistical data in the study, qualitative findings 

confirm that dyadic approach to cognitive training is feasible, is characterized by high 

participant acceptability, and may help address cognitive decline and possibly improve 

some cognitive skills in cognitively healthy older adult population. The study contributes 

to the existing knowledge on cognitive vitality in older adults and ultimately will help 

promote independence and well-being among the growing older adult population and 

their families, also reducing the healthcare and economic burdens on the society. 

Relevance to Social Work 

Because it is associated with negative effects on individual, family, and societal 
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levels, the problem of age-related cognitive decline is highly relevant to the social work 

profession. Social workers deal with older adults in a variety of settings, and their 

involvement in gerontology is likely to increase as the proportion of older adults 

continues to grow. Social workers are frequently involved in providing services to older 

adults with cognitive impairment and dementia and related functional deficits. However, 

there appears to be a lack of social workers involved in preventing and addressing age-

related cognitive changes in practice and in research. There is a need to increase social 

workers’ presence in the cognition subfield of gerontology, currently dominated by 

neuropsychologists, neurologists, and other professionals. 

The study illustrates that social workers can become more involved in the arena of 

cognition on individual, family, organizational, and policy levels. Specifically, social 

workers may lead cognition-based interventions in community and clinical settings. Since 

they are employed in senior centers, assisted living facilities, hospitals, and other 

agencies and institutions that provide services to older adults, they may be involved in 

cognitive training as facilitators, whether it be onsite or home-based cognitive programs, 

and train other professionals in administering cognitive interventions. The Social Work 

profession recognizes the importance of evidence-based practice (National Association of 

Social Workers [NASW], 2008), and the social workers need to be aware of the latest 

developments in the field, advocate for promising interventions and help implement 

them, facilitate such interventions, and adhere to the intervention protocols. They may 

also engage in appropriate program evaluation to assess the results of interventions and 

disseminate the results among gerontologists through peer-reviewed publications and 

presentations at professional conferences.  
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In addition, social workers may take upon the role of educators with regard to 

cognitive health. Results of a national survey revealed that the general public is 

concerned about cognition, but many Americans believe that Alzheimer’s disease is a part 

of normal aging (Connell, Roberts, & McLaughlin, 2007). Social workers may educate 

older clients and caregivers, as well as their colleagues, other professionals, and direct 

care workers about normal vs. pathological cognitive decline and its risk and protective 

factors. Drawing on core social work values and priorities such as promoting self-

determination, empowerment, and resilience (NASW, 2008), al workers should 

encourage older adults to consider their brain health and cognition as part of their overall 

health, and to view themselves as capable of achieving their health goals. In addition, 

social workers may facilitate interdisciplinary collaboration among nursing, medical, 

neurology, and neuropsychology professionals when it comes to older adults’ cognition. 

Such collaboration may take place when dealing with individual patients, wherein social 

workers may help coordinate providers and ensure the patient and his or her providers are 

informed and are on the same page in term of test results (cognition, imaging, physical 

health, etc.) and treatment options. Interdisciplinary collaboration may also take place 

when developing and evaluating programs and services with an emphasis on cognitive 

health for older adults.  

Even though at this time there is a lack of consensus on best practices with regard 

to cognitive training, some compelling evidence pointing to its effectiveness and long-

lasting benefits has emerged. Due to their administrative and provider positions and their 

vast linkages in the community, social workers may engage in efforts to make cognitive 

interventions available and accessible to older adults. They may advocate on the 
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organizational and policy levels for cognitive training to be offered by senior centers and 

other agencies, and to be covered by the Older Americans Act. Thus, there are many ways 

in which social workers may be instrumental in promoting cognitive vitality among the 

growing aging population.  

In addition to increased involvement of social workers in the areas of prevention 

and intervention for natural cognitive decline, there are other implications of cognitive 

training research for the Social Work profession. Prolonged cognitive vitality in older 

population may contribute to the numbers older adults over the age of 80 years who 

display minimal declines in cognitive function. This growing population is likely have a 

unique set of needs, and social workers may be required to fill this niche. For instance, 

while having intact cognitive functions, super agers may struggle with chronic health 

conditions and functional limitations. They may be actively involved in their healthcare 

and social workers may help these older adults evaluate and choose home-based and 

outpatient services and providers that are best suited to meet their individual needs. On 

the other end of the spectrum, super agers may be in good physical health and require 

recreation and social services that will interest and engage them and help them remain 

active. Again, social workers can help develop and implement such activities for older 

adults. 

There are also economic and community-level factors related to improved 

cognitive vitality among older adults that may have implications for the Social Work 

profession. Advances in cognitive training research, in addition to the existing and new 

developments in prevention of cognitive impairment and chronic diseases are likely to 

lead to improved health, independence, and increased longevity of the growing older 
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population in the US. However, these positive changes may be associated with such 

challenges as a shortage of health and community services, insufficient retirement and/or 

social security funds, and potentially increased homelessness among older adults. There 

may be a growing need for social workers to respond to these issues and provide services 

to older adults who lack resources essential for their well-being, as well as to address 

caregiver needs.  

According to the NASW (2008) code of ethics, the social workers’ mission is to 

“enhance human well-being and help meet basic human needs of all people” (para. 1). 

The study contributes to this mission since cognitive health is directly related to 

independence, quality of life, and well-being of older adults and their caregivers. 

Additionally, the code states that social workers aim “to enhance the capacity of people to 

address their own needs” (para. 2), and value family and other relationships. Dyadic 

cognitive training evaluated in the study provides the tools that older adults can use to 

enhance or maintain their own cognition and assist their loved ones, which aligns with 

social work goals and promotes self-determination and social support. Thus, the study 

conforms to the key principles of the Social Work profession and illuminates the various 

roles that the social workers can play in promoting cognitive health in older adults on the 

micro, mezzo, and macro-levels. 
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Stroop Color and Word Test 
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Trail Making Test (TMT) 
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Repeatable Battery for the Assessment of Neuropsychological Status (RBANS-U) 

 

  



 

 

177 
 

World Health Organization Quality of Life (WHOQOL-OLD) 

 

 
  



 

 

178 
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Appendix 4 
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Appendix 5 
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Appendix 6 
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Trail Making Test – Part A 

General Instructions 

It is important for the patient to understand that he/she is to work as quickly as possible 

and avoid making errors. The most common error in administering this test occurs when 

a subject becomes confused; correct administration procedure requires that the subject be 

stopped when he/she makes an error and returned to his/her last correct position. This 

must be done quickly and efficiently as the stopwatch is kept running during this time. 

Specifically, the subject should not be penalized in his or her time score because of the 

examiners verbalizations/corrections. Errors count against the subjects performance 

because the stopwatch is continues to run until the test is completed (or discontinued). 

 

When ready to begin the test, place the Part A test sheet, sample side up, flat on the table 

directly in front of the subject. The bottom of the test sheet should be approximately six 

inches from the edge of the table. Give the subject a pencil and SAY: 

Sample   
 

“On this page [point] are some numbers.  Begin at number one [point to ‘1’] and draw 

a line from one to two [point to ‘2’], two to three [point to ‘3’], three to four [point to 

‘4’], and so on, in order, until you reach the circle marked end [point to the circle 

marked ‘END’].  Draw the lines as fast as you can.  Ready? Begin!” 

 

If the subject completes the sample item correctly in a manner demonstrating that he 

understands what to do, SAY: 

 

“Good!  Let’s try the next one.”   
Turn the page and give part A of the test. If the subject makes a mistake on Sample A, 

point it out and explain it.  The following explanations of mistakes serve as explanations: 

 

1. “You started with wrong circle.  This is where you start [point to the 

circle omitted].” 

2. “You skipped this circle* [point to the circle omitted].  You should 

go from number 1 [point] to 2 [point], 2  to 3 [point], and so on, 

until you reach the circle marked ‘END’ [point]. 

*If it is clear that the subject intended to touch a circle but missed it, do not count it as an 

omission. Remind the subject, however, to be sure to touch the circles. 

 

If the subject still cannot complete Sample A, take his hand and guide his pencil (using 

the eraser) though the trail. Then SAY: 

 

 “NOW YOU TRY IT.” Return the pencil to the subject with the point down and 

SAY: 

Remember, begin at number one [point to ‘1’] and draw a line from one to two [point to 

‘2’], two to three [point to ‘3’], three to four [point to ‘4’], and so on, in order, until you 

reach the circle marked end [point to the circle marked ‘END’].  Draw the lines as fast 

as you can.  Ready? Begin!” 
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If the subject succeeds this time, go on to Part A. If not, repeat the procedure until he 

does succeed or it becomes evident that he/she cannot do the task. 

 

After the subject has completed the sample turn the paper over to Part A and SAY: 

 

 

PART A: 

 “On this page are numbers from 1 to 25.  Do this the same way.  Begin at number 1 
[point], and draw a line from 1 to 2 [point to ‘2’], 2 to 3 [point to ‘three’], 3 to 4 [point to 

‘4’], and so on, in order until you reach the end [point].  Remember, work as fast as 

you can.  Ready? Begin!” 

 

Start timing as soon as the instruction is given to begin. The examiner must watch closely 

in order to catch any errors as soon as they are made. If the subject makes an error, call it 

to his attention immediately and have him/her proceed from the point the mistake 

occurred. Do not stop timing.  

 

After the subject completes Part A, take the test sheet from him/her and record the time in 

seconds. Errors count only by increasing the performance time.  

 

Next tell the subject: “That’s fine.  Now we’ll try another one.”  Proceed immediately to 

Part B, sample.   

 

 

 

 

Trail Making Test – Part B 

 

Place the test sheet from Part B, sample side up, flat on the table in front of the subject, in 

the same opposition as the sheet for Part A was placed. Point to the sample and say: 

 

Sample   
 “On this page [point] are some numbers and letters.  Begin at number 1 [point to ‘1’] 

and draw a line from one to A [point to ‘A’], A to 2 [point to ‘2’], 2 to B [point to ‘B’], 

B to 3 [point to ‘3’], 3 to C [point to ‘C’], and so on, in order, until you reach the end 

[point to the circle marked ‘END’].  Remember, first you have a number [point to ‘1’], 

then a letter [point to ‘A’], then a number [point to ‘2’], then a letter [point to ‘B’], and 

so on.  Draw the lines as fast as you can. Ready? Begin!” 

 

If the subject completes the sample correctly then SAY:  “Good!  Let’s try the next one.”  

Proceed immediately to Part B.  

 

If the subject makes a mistake on Sample B, point it out and explain it.  The following 

explanations of mistakes serve as illustrations: 
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1. “You started with wrong circle.  This is where you start [point to 

‘1’].” 

2. “You skipped this circle* [point to the one omitted].  You should go 

from 1 [point] to A [point], A to 2 [point],  2 to B [point], B to 3 

[point], and so on until you reach the circle marked ‘END’ [point]. 

*If it is clear that the subject intended to touch a circle but missed it, do not count it as an 

omission. Remind the subject, however, to be sure to touch the circles. 

 

 

If the subject still cannot complete Sample B, take his hand and guide his pencil [using 

the eraser end] though the circles. Then SAY: 

 

“NOW YOU TRY IT. .  Begin at number 1 [point to ‘1’] and draw a line from one to 

A [point to ‘A’], A to 2 [point to ‘2’], 2 to B [point to ‘B’], B to 3 [point to ‘3’], 3 to C 

[point to ‘C’], and so on, in order, until you reach the end [point to the circle marked 

‘END’].  Remember, first you have a number [point to ‘1’], then a letter [point to ‘A’], 

then a number [point to ‘2’], then a letter [point to ‘B’], and so on.  Draw  until you 

reach the circle marked END. Ready? Begin!” 

 

If the subject succeeds this time, go on to Part B, IF not, repeat the procedure until he/she 

does succeed, or it becomes evident that he/she cannot do the task.  

 

After the subject has completed the sample, turn the paper over to Part B and SAY: 

 

PART B: 

“On this page are both number and letters.  Do this the same way. Begin at number 1 
[point to ‘1’] and draw a line from 1 to A [point to ‘A’], A to 2 [point to ‘2’], 2 to B [point 

to ‘B’], B to 3 [point to ‘3’], 3 to C [point to ‘C’], and so on, in order, until you reach the 

end [point to the circle marked ‘END’].  Remember, first you have a number [point to 

‘1’], then a letter [point to ‘A’], then a number [point to ‘2], then a letter [point to ‘B’], 

and so on.  Do not skip around, but go from one circle to the next in the proper order, 

draw the lines as fast as you can.  Ready? Begin!” 

 

Start timing as soon as the subject is told to begin. Again, remember to be alert for 

mistakes. If the subject makes an error, call it to his/her attention immediately and have 

him proceed from the point the mistake occurred. Do not stop timing.  

 

After the subject completes Part B, take the test sheet from him/her and record the time in 

seconds. Errors count only by increasing the performance time.  
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Appendix 7 

 

RBANS-U 
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Instrument excluded for copyright reasons.  
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Instrument excluded for copyright reasons.  
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Instrument excluded for copyright reasons.  
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Instrument excluded for copyright reasons.  
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Instrument excluded for copyright reasons.  
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Instrument excluded for copyright reasons. 
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Instrument excluded for copyright reasons. 
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Instrument excluded for copyright reasons.  
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Instrument excluded for copyright reasons. 
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Appendix 8 

 

WHOQOL-OLD 
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Continue to the next page 
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End of survey 
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Appendix 9 

 

RAND SF-36 

 

1. In general, would you say your health 

is: 

 
(Circle One Number) 

Excellent 1 

Very good  2 

Good 3 

Fair 4 

Poor 5 

        

 

 2. Compared to one year 

ago, how would you rate   

your health in general now? 
 

(Circle One Number) 

Much better now than one year ago 1 

Somewhat better now than one year 

ago 
2 

About the same 3 

Somewhat worse now than one year 

ago 
4 

Much worse now than one year ago 5 

 

The following items are about activities you might do during a typical 

day. Does your health now limit you in these activities? If so, how 
much? 

(Circle One Number on Each Line) 
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Yes, 

Limited 
a Lot 

Yes, 

Limited 
a Little 

No, 

Not 

limited 
at All 

3. Vigorous activities, such as running, 

lifting heavy objects, participating in 

strenuous sports 

1  2 3 

4. Moderate activities, such as moving a 

table, pushing a vacuum cleaner, bowling, 

or playing golf 

1  2 3 

5. Lifting or carrying groceries 1  2 3 

6. Climbing several flights of stairs 1  2 3 

7. Climbing one flight of stairs 1  2 3 

8. Bending, kneeling, or stooping 1  2 3 

9. Walking more than a mile 1  2 3 

10. Walking several blocks 1  2 3 

11. Walking one block 1  2 3 

12. Bathing or dressing yourself 1  2 3 

During the past 4 weeks, have you had any of the following problems 
with your work or other regular daily activities as a result of your 

physical health? (Circle One Number on Each Line) 

 Yes  No  

13. Cut down the amount of time you spent on work or other 

activities 

1  2  

14. Accomplished less than you would like 1  2  

15. Were limited in the kind of work or other activities  1  2  

16. Had difficulty performing the work or other activities 
(for example, it took extra effort)  

1  2  

   

During the past 4 weeks, have you had any of the following problems 
with your work or other regular daily activities as a result of any 

emotional problems (such as feeling depressed or anxious)?  

(Circle One Number on Each Line) 
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 Yes No 

17. Cut down the amount of time you spent on work or 

other activities 

1  2  

18. Accomplished less than you would like 1  2  

19. Didn't do work or other activities as carefully as usual 1  2  

   

20. During the past 4 weeks, to what extent has 

your physical health or emotional problems 

interfered with your normal social activities with 
family, friends, neighbors, or groups? (Circle 

One Number) 

 

Not at all 1 

Slightly 2 

Moderately 3 

Quite a bit 4 

Extremely 5 

   

21. How much bodily pain have you had during 

the past 4 weeks? (Circle One Number) 

 

None 1 

Very mild 2 

Mild 3 

Moderate 4 

Severe 5 

Very severe 6 

22. During the past 4 weeks, how much did 
pain interfere with your normal work (including 

both work outside the home and housework)? 

(Circle One Number) 

Not at all 1 

A little bit 2 

Moderately 3 

Quite a bit 4 

Extremely 5 

 

  

Continue to the next page 
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These questions are about how you feel and how things have been 
with you during the past 4 weeks. For each question, please give 

the one answer that comes closest to the way you have been feeling. 

How much of the time during the past 4 weeks . . . 

                                        (Circle One Number on Each Line) 

 

All of 
the 

Time 

Most 

of 
the 

Time 

A Good 

Bit of 
the 

Time 

Some 
of the 

Time 

A 

Little 
of the 

Time 

None 
of the 

Time 

23. Did you feel full of 

pep? 

1  2  3  4  5  6  

24. Have you been a 
very nervous person? 

1  2  3  4  5  6  

25. Have you felt so 

down in the dumps 

that nothing could 

cheer you up? 

1  2  3  4  5  6  

26. Have you felt 

calm and peaceful? 

1  2  3  4  5  6  

27. Did you have a lot 

of energy? 

1  2  3  4  5  6  

28. Have you felt 
downhearted and 

blue? 

1  2  3  4  5  6  

29. Did you feel worn 

out? 

1  2  3  4  5  6  

30. Have you been a 
happy person? 

1  2  3  4  5  6  

31. Did you feel tired?  1  2  3  4  5  6  

 

  

Continue to the next page 



 

 

216 
 

32. During the past 4 weeks, how much of the time has your 
physical health or emotional problems interfered with your social 

activities (like visiting with friends, relatives, etc.)? 

(Circle One Number) 

All of the time 1 

Most of the time 2 

Some of the time 3 

A little of the time 4 

None of the time 5 

 

How TRUE or FALSE is each of the following statements for you. 

(Circle One Number on Each Line) 

 Definitely 
True 

Mostly 
True 

Don't 
Know 

Mostly 
False 

Definitely 
False 

33. I seem to get sick a 

little easier than other 

people  

1 2 3 4 5 

34. I am as healthy as 
anybody I know  

1 2 3 4 5 

35. I expect my health 

to get worse  
1 2 3 4 5 

36. My health is 

excellent  
1 2 3 4 5 

 

 

 

              End of survey 
 

 

This survey was developed by RAND as part of the Medical Outcomes Study. 
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RAND SF-36 

Scoring: 
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Appendix 10 

 

B-ADL 
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Brain Training 

Log Sheet 
     

Please use this Log Sheet to record your Brain Training sessions. At the 
beginning of each session, write the name of the person who is the first 
one to be the trainer. Remember, each session you are to alternate who 
gets to be the trainer first. Then, write the day of the week and the date 
of the session, the time when you start, and the starting page in the 
manual. At the end of the session, record the time when you are done 
and the last page you completed. See example below: 

 

 

 
 

 

[same for Weeks 3-12] 

 

Example:

Session 1
Trainer first: Day Date Time Begin Page Time End Page

Tom Tues 4/10/15 11:15am 8 12:15pm 32

Session 2
Trainer first: Day Date Time Begin Time End

Mary Sun 4/15/15 3:30pm 33 4:30pm 40

Week 1:

Session 1
Trainer first: Day Date Time Begin Page Time End Page

Session 2
Trainer first: Day Date Time Begin Time End

Week 2:

Session 3
Trainer first: Day Date Time Begin Page Time End Page

Session 4
Trainer first: Day Date Time Begin Time End

Appendix 11 

 

Manual Log-Sheet and Introduction 
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Appendix 12 

 

Permissions to use Workbook of Activities for Language and Cognition (WALC-2) 

and Brainwave-R: Cognitive Strategies and Techniques for Brain Injury 

Rehabilitation. 
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Appendix 13 

 

Examples of Verbal Memory Tasks. 
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Appendix 14 

 

Examples of Language Tasks. 
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Instructions: Give the next WORK SHEET to your partner.  
Your partner is to unscramble sentences. If he/she makes 
a mistake, correct him/her. 
      
Say: “In each line, the words in the sentence are out of 
order. Unscramble each sentence and say it to me.” 

                    
 CORRECT ANSWERS: 
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Appendix 15 

 

Examples of Reasoning Tasks.  
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Instructions: Give the next WORK SHEET to your 
partner. 

Say: “Use the coding key in the top part to decode 
the message in the bottom part.”     
Give your partner time to finish the task. Then, go 
over the correct answers together.  
 
 
CORRECT ANSWERS:                    

Appendix 16 

 

Examples of Visual Processing tasks  
 

   



 

 

237 
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Appendix 17      

Study Flyer. 
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Appendix 18 

 

Informed Consent Form. 

 

 
 

ADULT CONSENT TO PARTICIPATE IN A RESEARCH STUDY 

BRAIN TRAINING STUDY 
 
PURPOSE OF THE STUDY 
You are being asked to be in a research study.  The purpose of this study is to 
see how well the Brain Training program works in older adults. 
 
NUMBER OF STUDY PARTICIPANTS 
If you decide to be in this study, you will be one of 20 people in this research 
study. 
 
DURATION OF THE STUDY 
The duration of the study is about 30 hours over the course of 3 - 3 ½ months. 
This includes: 

 1-hour screening. 

 3 hours of testing (two 1.5-hour sessions).  

 24 hours of Brain Training (24 1-hour sessions twice a week for 12 weeks). 

 1-hour interview.  

 30-minute feedback session (optional).  
 
PROCEDURES 
If you agree to participate in the study, we will ask you to do the following things: 
1. Screening. Screening will take place today after we finish with this form to 

confirm that you are eligible for the study. Screening will include some 
questions about your health and well-being.  

 
It is possible that the results of Screening will show that you are not eligible for 
the study. Additionally, the researcher is required to make a referral to mental 
health services or in some cases, contact authorities if it is determined that you 
may be a danger to yourself or others.   
 
2. First Testing. First Testing will take place at your home. It will follow 

Screening or will be scheduled for another day. First Testing will include a 
number of non-intrusive questionnaires and oral or paper-and-pencil tasks 
that test your thinking and memory. The results may show signs of 
neurological or mental health issues, in which case appropriate referral will be 
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provided. If this occurs, unfortunately you will not be able to continue with the 
study. 

 
3. Brain Training. The Brain Training program consists of different exercises for 

your thinking, logic, problem solving, and memory. You will be provided with 
all materials.  

 
You will be asked to participate in the Brain Training program with your partner. 
This program is 12 weeks (3 months) long. Training sessions are 1-hour long and 
take place at your home or your partner’s home twice a week. It is up to you and 
your partner which days and times you want to practice.  
 
We will show you how to use the Brain Training manual and work on exercises. 
We will also check with you regularly over the phone to address any questions or 
concerns that you may have. The researcher will observe one of your Brain 
Training sessions to see how things are going. 
 
4. Second Testing. Soon after your last Brain Training session, you will be 

scheduled for the Second Testing at your home. It will be very similar to the 
First Testing.  

 
5. Interview. After the Second Testing, you will be asked to undergo an interview 

or schedule it for another day. The interview will be an informal conversation 
where you and your partner will be asked to share your experiences and 
opinions about the Brain Training program. The interviews will be audio-
recorded.  

 
6. Optional feedback session. If you are interested, we will schedule a feedback 

session to discuss the results of your First and Second Testing and the 
results of the study. 

 
RISKS AND/OR DISCOMFORTS 

No risk of physical harm is associated with this study. The following non-physical 
risks may be associated with your participation in this study:  
 
First, some questions related to your health and well-being during Screening may 
be upsetting to you. 
 
Second, it is possible that some tasks during Testing or Brain Training will cause 
fatigue or frustration. If this happens, you are encouraged to take a break, 
reschedule the session, or move on to the next task.  
 
Third, it is possible that your participation in Brain Training with your partner will 
affect your relationship with him or her. 
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BENEFITS 
The following benefits are associated with your participation in this study:  
 
First, the study will increase your mental stimulation and social engagement, 
which is known to be beneficial for older adults.  
 
Second, if you choose to have a feedback session, you will learn about your 
cognitive strengths and weaknesses as compared to your peers, and possible 
changes in your thinking and memory over the course of 3 months. 
 
Your participation will benefit the existing scientific knowledge about cognition in 
older adults and the society as a whole, as it will help determine whether Brain 
Training program is effective. Ultimately, your participation will contribute to 
quality of life in older adults and their families. 
 
ALTERNATIVES 

There are no known alternatives available to you other than not taking part in this 
study.  However, any significant new findings developed during the course of the 
research which may relate to your willingness to continue participation will be 
provided to you.  
 
CONFIDENTIALITY 

The records of this study will be kept private and will be protected to the fullest 
extent provided by law. In any sort of report we might publish, we will not include 
any information that will make it possible to identify a subject.  Research records 
will be stored securely and only the research team will have access to the 
records.  However, your records may be reviewed for audit purposes by 
authorized University or other agents who will be bound by the same provisions 
of confidentiality. 
   
Audio-recorded interviews will not be listened to by anyone outside the research 
team. Quotes from these interviews may appear in published reports without 
identifying the participants in any way.  
 
A description of this clinical trial will be available on http://www.ClinicalTrials.gov, 
as required by US Law.  This web site will not include information that can 
identify you.  At most, the web site will include a summary of the results.  You 
can search this website at any time.   
 
COMPENSATION & COSTS 

There is no payment for participants. However, you will receive small non-
monetary incentives 3-4 times throughout the study in appreciation of your 
participation. You will also receive Brain Training materials free of charge that 
you can keep after the study. You will not be responsible for any costs in this 
study.   
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MEDICAL TREATMENT  

Routinely, FIU, its agents, or its employees do not compensate for or provide free 
care for human subjects in the event that any injury results from participation in a 
research project.  If you become ill or injured as a direct result of participating in 
this study, contact your regular medical provider.  If you have insurance, your 
insurance company may or may not pay for these costs. If you do not have 
insurance, or if your insurance company refuses to pay, you will be billed. Funds 
to compensate for pain, expenses, lost wages and other damages caused by 
injury are not routinely available. 
 
RIGHT TO DECLINE OR WITHDRAW 

Your participation in this study is voluntary.  You are free to participate in the 
study or withdraw your consent at any time during the study.  Your withdrawal or 
lack of participation will not affect any benefits to which you are otherwise 
entitled.  The investigator reserves the right to remove you without your consent 
at such time that they feel it is in the best interest. 
 
RESEARCHER CONTACT INFORMATION 
If you have any questions about the purpose, procedures, or any other issues 
relating to this research study you may contact Natalia Shtompel, M.A., MSW at 
Florida International University, AHC-5 Room 570, 718-219-2884, 
nshto001@fiu.edu.   
 
IRB CONTACT INFORMATION 
If you would like to talk with someone about your rights of being a subject in this 
research study or about ethical issues with this research study, you may contact 
the FIU Office of Research Integrity by phone at 305-348-2494 or by email at 
ori@fiu.edu. 
 
PARTICIPANT AGREEMENT 
I have read the information in this consent form and agree to participate in this 
study.  I have had a chance to ask any questions I have about this study, and 
they have been answered for me.  I understand that I will be given copy of this 
form for my records. 
 
 
______________________________       __________________ 
Signature of Participant      Date 
 
________________________________ 
Printed Name of Participant 
 
________________________________   __________________ 
Signature of Person Obtaining Consent    Date 
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Appendix 19 

In-Person Screening Script.
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Appendix 20 

 

Qualitative Interview Script. 

 

Introduction: “Thank you again for your participation in the study. Now I will ask you 

some questions about the Brain Training program. I will be audio-recording the 

interview. No one except for the research team will have access to these recordings. We 

may quote something you say in a presentation or a published report, but we will not 

include any identifying information. Do you have any questions?” 

 

Questions: 

1. Tell me about your experience with the Brain Training program. Prompts: 

easy/difficult, fun/boring, stimulating/repetitive, enjoyable/frustrating. 

2. What was it like being the coach? What was it like being the student? 

3. How easy or difficult were the tasks? 

4. How easy or difficult was it to use the manual? Prompts: understanding 

instructions, font, switching roles, keeping track of time, using log sheet, ways to 

improve the manual. 

5. How did the program affect your daily life?  

6. How did the program affect your relationship? 

7. Did you notice any improvement in your memory or thinking during or after the 

program? 

8. Do you think this program is a good fit for someone like you? 

9. How could this program be improved? 

ID  ________________ 
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