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ABSTRACT 

As lifespan increases, older individuals are concerned with maintaining or 

improving their cognitive function/brain health. This study examined the relationship 

between overall cognitive functioning, perceptual speed, cognitive processing speed, 

cognitive efficiency, age, gender, education level and executive function (performance of 

instrumental activities of daily living). Additionally, the relationship between cognitive 

health quality of life and overall cognitive function was investigated. Forty-five 

individuals between the ages of 65 and 80 years with no known history of neurological 

impairment participated in the study. All participants were administered measures of 

cognitive function, a quality of life questionnaire, and instrumental activities of daily 

living tasks.  

Multiple linear regression analysis identified perceptual speed, cognitive 

processing speed, and education as significant (p < .01) predictors of performance on 

instrumental activities of daily living. Additionally, higher overall cognitive function was 

significantly (p < .01) associated with higher scores for solving everyday math problems. 

Faster cognitive processing speeds were associated with higher scores on solving 

everyday math problems and writing a check/balancing a checkbook tasks. No significant 

correlation between perception of cognitive health and overall cognitive function was 

found. In summary, results suggest that some measures of cognitive function as well as 

education level may predict performance during instrumental activities of daily living.  

These findings have the potential to assist health care professionals in identifying early 

warning signs of cognitive decline in individuals who report to be aging typically. 
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CHAPTER I  

INTRODUCTION 

Many individuals believe that aging or getting older is the reason that they 

perceive difficulties recalling information or processing information as quickly as they 

once did. Some aging individuals report that it takes them longer to remember names 

and words or find an item that was misplaced. As life expectancies increase and 

individuals observe a friend or family member affected by dementia, they are 

increasingly concerned with maintaining or improving their cognitive function/brain 

health. Bowes, McCabe, Wilson, and Craig (2012) found that brain health is a 

motivating factor in individuals over the age of 50 years. Brain health implies 

independence and life success; whereas, poor brain health suggests lack of ability 

and/or dependence on others. This study will examine possible indicators of brain 

health and independent functioning in individuals between the ages of 65 and 80 years 

who report to be aging typically. 

How are concerns about cognitive function typically addressed in aging 

individuals?  

Aging individuals often report concerns about cognitive changes to their 

family members and/or primary health care provider. While cognitive screening 

should occur frequently to assist in identification of individuals at risk for cognitive 

impairment, cognitive screenings are not beneficial if the measure is not sensitive or 
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specific enough to detect subtle changes in performance.  Health care providers often 

use the Mini-Mental State Exam (MMSE) (Folstein, Folstein, & McHugh, 1975) to 

assess cognitive function.  While more robust screening measures of cognitive 

function have emerged in recent years, the MMSE continues to be the most widely 

recognized screening measure for overall cognitive function (Kvitting, Wimo, 

Johansson, & Marcusson, 2013; Pedraza et al., 2012; Wood, Giuliano, Bignell, & 

Pritham, 2006).  Hensel, Angermeyer, and Riedel-Heller (2007) found that the MMSE 

was not reliable for measuring small changes in cognitive function over time. 

Sensitivity of the screening measure is important for detecting changes over time, in 

addition to detecting very mild decline in high functioning individuals. While it is 

important to identify changes in cognitive function, false detection of cognitive 

impairment might occur in individuals with life-long poor cognitive function (Galvin, 

Fagan, Holtzman, Mintun, & Morris, 2010).  Thus, health care professionals must be 

cautious in interpreting results of cognitive screenings and making appropriate 

referrals for further testing when cognitive impairments are suspected. Due to the 

prevalence of Alzheimer’s disease (AD) in individuals over the age of 70 

(Alzheimer’s Association, 2013), robust screening measures are necessary to ensure 

that individuals at risk for cognitive impairments are identified early and provided 

opportunities for intervention. 

Another screening that may detect cognitive decline involves cognitive 

processing speed and efficiency. Results from A Quick Test of Cognitive Speed 

(AQT) (Wiig, Nielsen, Minthon, & Warkentin, 2002) can be used to determine 
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cognitive processing speed and efficiency.  Researchers have demonstrated that the 

AQT is a fast and reliable way for primary care providers to screen and monitor 

cognitive decline (Kvitting et al., 2013; Palmqvist, Minthon, Wattmo, Londos, & 

Hansson, 2010; Takahashi, Awata, Sakuma, Inagaki, & Ijuin, 2012). Declines in 

cognitive processing speed and efficiency could negatively impact life activities; for 

example, individuals may require increased time to solve problems or make decisions. 

Following cognitive function screening, clinicians and health care providers 

often counsel aging individuals to complete daily crossword puzzles or word searches 

or engage in other thought-provoking activities that might stimulate the brain to keep 

it functioning at optimum performance (e.g., Stay Mentally Active at www.alz.org). 

Additionally, many commercial websites purport to provide mental 

stimulation/exercises to keep the brain healthy (e.g., www.lumosity.com, 

www.braingle.com). However, there is a paucity of peer-reviewed research that 

supports the effectiveness of brain stimulation on everyday tasks. Researchers have 

found that while individuals participating in brain training activities often become 

better at the specific task they are completing, those changes are not generalized to 

increased performance on everyday life activities (Melby-Lervag & Hulme, 2012). 

How do changes in cognitive function impact everyday life activities? 

   The functional tasks that individuals complete every day can be grouped into two 

different categories: activities of daily living (ADLs) and instrumental activities of 

daily living (IADLs) (Spector, Katz, Murphy, & Fulton, 1987). ADLs are tasks that 

relate to self-care and physical mobility such as toileting, bathing, dressing, eating, 

http://www.alz.org/
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and walking. IADLs are more complex tasks that support independence and often 

require greater cognitive functioning. IADLs can include cooking, driving, keeping 

track of finances, and managing medications. In order to successfully complete 

IADLs, aging individuals must independently use executive function skills. 

Broadly defined, executive function (EF) is comprised of a set of cognitive 

skills that are necessary and responsible for the planning, initiation, sequencing, and 

monitoring of complex, goal-directed behavior (Royall et al., 2002). The study of EF 

is challenging due to the numerous concepts and components describing the processes 

of human behavior as they relate to EF. Health care professionals are interested in 

evaluating EF processes because problem behaviors and disabilities associated with 

neuropsychiatric disorders and cognitive-communication disorders can be identified 

(Coelho, DeRuyter, & Stein, 1996; Royall et al., 2002). Various assessments can be 

used to probe for EF deficits. The construct of the assessment will determine which EF 

processes are being assessed. Executive function evaluations include trail-making 

tests, clock drawings, and functional IADL tasks. Other neuropsychological 

evaluations of EF include tasks such as motor sequencing, spoken alternate 

sequencing, verbal fluency, design fluency, persistence, resistance to interference, and 

reflexes (Larson & Heinemann, 2010; Royall, Mahurin, & Gray, 1992). Problems with 

EF may impact reaction time, planning, and organization skills that are necessary for 

completing complex tasks (e.g., driving, managing medications).  

Applying the broad definition of EF to the aging population, researchers 

understand the importance of preserved EF abilities as they relate to remaining 
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independent and successfully completing IADLs. To illustrate this point, one example 

involves preparation of a simple meal. When an aging/elderly individual gathers the 

necessary ingredients for cooking scrambled eggs but exhibits difficulty sequencing 

the steps for the preparation of the meal, then his/her ability to live independently (i.e., 

prepare food) is compromised. If aging individuals maintain EF abilities, then they 

could possibly remain independent and productive for longer periods of time. 

How can the impact of cognitive/executive function on everyday life 

activities be measured? 

The International Classification of Functioning, Disability, and Health (ICF) 

was developed by the World Health Organization in an effort to record and organize a 

wide range of information about health and health-related states. The ICF is intended 

for use in multiple sectors that include but are not limited to health, education, 

insurance, and disability policy (Arthanat, Nochajski, & Stone, 2004; Cieza et al., 

2002; Stucki et al., 2002). In the clinical context, the ICF is intended for use in 

assessment of need, matching interventions to current states, and outcome analysis.  

The ICF is divided into two parts: Functioning and Disability and Contextual 

Factors. The first part, functioning and disability, includes examining individual body 

functions and structures and how they impact life activities and participation. Body 

functions are evaluated for disabilities and include disruptions in mental, voice and 

speech, digestive, metabolic, and endocrine systems such as poor memory, 

unintelligible speech, esophageal reflux, diabetes, and hypothyroidism. Body 
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structures refer to the anatomical parts of the body including organs and limbs. 

Examples include the frontal lobe of the brain, vocal folds, and the tongue. Life 

activities involve the execution of tasks/actions by individuals, and participation refers 

to individuals’ involvement in various life situations or activities. Examples of 

activities and participation include communicating with friends, balancing a 

checkbook, and planning a vacation. The second part of the ICF, contextual factors, 

can be separated into environmental and personal factors that affect individuals 

(Arthanat et al., 2004; Cieza et al., 2002). Environmental factors include the physical 

and social environment in which the individual resides and completes daily activities. 

Additionally, the attitudes of people within the environment can facilitate or create a 

barrier for participation in the environment. Environmental factors could include 

products and technology, support and relationships, and systems and/or policies. The 

context within which a person lives and functions can positively or negatively affect 

his or her life activities and participation. For example, if a person is in a depressing 

environment and perceives a lack of ability, he or she may limit social interactions 

with others. 

 Cognitive deficits can lead to disruptions in attention, memory, problem 

solving, calculations, and reasoning. These cognitive capacity deficits are a strong 

predictor of functional outcomes for ADLs and IADLs, which involve activities and 

life participation. Thus, the ICF can be used to document positive and negative 

outcomes in relation to cognitive functioning. The following examples provide an 

overview of how the ICF coding system functions as it relates to cognitive disorders. 
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Normal aging individuals should not exhibit significant changes in body 

functions/structures or capacity/performance issues in executing tasks, although they 

may have some environmental/contextual factors that interfere with their life activities 

and participation (e.g., discrimination on the job due to age). An individual diagnosed 

with mild cognitive impairment (MCI) might be classified with changes in body 

functions (physiological) and capacity/performance in executing tasks. If the 

individual reverts back to typical cognitive functioning, as result of behavioral or 

medical intervention, a positive outcome in functioning would be coded. In contrast, 

an individual who has dementia and exhibits a steady degenerative decline in 

body/cognitive functioning may be classified with a negative outcome using the ICF. 

The individual with dementia would exhibit changes in body functions/structures and 

capacity/performance deficits in executing tasks.  These negative aspects would 

correlate with a disability due to activity limitations and restrictions in life 

participation (Arthanat et al., 2004; Cieza et al., 2002; Threats & Worrall, 2004).  

  The ICF is designed to classify individual functioning and disability as it 

relates to contextual factors, but it is not an assessment tool. The ICF model has been 

reported as a useful tool in describing the health status of persons with Alzheimer’s 

disease (AD). According to Muo et al. (2005), the ICF rates important aspects of 

ADLs that are not generally considered by ADL scales. Some of these aspects include 

communication, social relationships, recreation, and leisure. In addition to highlighting 

the needs of the individual, the ICF also addresses the needs of the family 

members/caregivers.  
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Rationale for this Study 

In this study, typically aging individuals were recruited to complete cognitive 

screening measures and IADLs. The ICF framework was used to examine 

performance for typically aging individuals and explain how observed cognitive 

changes (if any) might impact functioning, disability, and health. All of the individuals 

recruited for the study were living independently rather than in an assisted-living or 

long-term care facility. Many of the participants were employed or held volunteer 

positions (e.g., teaching music lessons, coordinating facility activities for church 

buildings, managing a community thrift store), indicating positive life activities and 

participation. If participants’ body functions (cognitive capacities) were within normal 

limits (per results of cognitive testing), then body structures (brain/nervous system) 

were suspected to be within normal limits as well (i.e., no pathological changes to 

structures of the brain). Further, if individuals performed within normal limits on 

cognitive function measures, it was hypothesized that their activities and life 

participation would not be negatively affected and that they would be able to 

independently perform IADLs. 

Conversely, if changes in mental/cognitive functions were observed through 

testing, then changes in structures (brain/nervous system) were suspected. Thus if 

participants performed below normal limits on cognitive function measures, this 

change in functional capacity might negatively impact their activities and life 

participation in terms of completing IADLs. In summary, understanding declines in 
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cognitive function could inform health care professionals of the potential negative 

impact on individuals’ activities and life participation.  

The purpose of this study was to investigate whether any predictive 

relationship exists between overall cognitive functioning, perceptual speed, cognitive 

processing speed, cognitive efficiency, age, gender, education level and EF 

(performance of IADLs). Additionally, correlation coefficients were determined to 

investigate the relationship between cognitive health quality of life and overall 

cognitive function in individuals who report to be aging typically. The following 

chapter will provide a literature review of current theories and research related to 

functioning, disability, and health; overall cognitive function including possible 

decline (e.g., mild cognitive impairment, dementia); perceptual and cognitive 

processing speed in the normal aging brain; cognitive processing efficiency; executive 

function performance (i.e., completion of IADLs) in elderly individuals; and elderly 

individuals’ perceptions of their cognitive health-related quality of life. Specific 

research questions will be identified. 
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CHAPTER II 

LITERATURE REVIEW 

Cognitive Changes with Age 

Why are individuals and/or health care professionals concerned about 

cognitive aging? Aging, the act of getting older, is often blamed for difficulties in 

processing or remembering information. As individuals age, the anatomy and 

physiology of the human body changes in a variety of ways.  The extent to and rate at 

which the anatomy and physiology change in each individual varies due to external 

environmental factors and internal influences of system functions (Christensen, 2001; 

Fleming, 2013; Petersen, 2000). Researchers are interested in understanding how 

individuals age and why disruptions in physiological functions occur. This is 

important due to the increasing number of aging individuals who are living longer and 

the rate at which the elderly population is expanding.  

The U.S. Department of Health and Human Services (2012) reported that 

nearly 21% of the U.S. population will be > 65 years of age by 2040. Cognitive 

functioning in the older adult population is of particular interest to researchers due to 

the prevalence of Alzheimer’s disease (AD), the most common type of dementia 

associated with aging, in individuals over the age of 70 years (Alzheimer’s 

Association, 2013). While AD is not an inevitable consequence of aging, the 
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prevalence of AD is expected to triple by 2050 (Alzheimer’s Association, 2013; 

Fleming, 2013; Kelley & Petersen, 2007). Mild cognitive impairment (MCI) refers to 

cognitive deficits that are not severe enough to be considered dementia but 

nevertheless negatively affect cognition (Huckans et al., 2013; Peterson, 2004). The 

prevention of MCI or maintenance of MCI before dementia onset will improve quality 

of life for elderly individuals and possibly increase the amount of time elderly 

individuals can live independently in their own homes.  

Normal Aging in Elderly Individuals 

Many researchers agree that as individuals age, neuroanatomical and 

neurophysiologic changes happen in the brain. The extent to which changes in the 

brain occur and the effect of these neurologic changes due to aging is widely debated 

among researchers. After 30 years of age, reductions in brain volume begin to occur, 

and the rate at which different brain regions lose brain volume varies (Qualls, 2005). 

These observed neurologic changes in brain volume do not necessarily cause changes 

in function, and the degree of neurological aging varies from person to person 

(Fleming, 2013). Changes in brain structures that support cognitive functions could be 

responsible for normal cognitive aging.  

Posner and Dehaene (1994) found that two attentional networks provide a 

system for monitoring executive functions. The posterior attention system (superior 

parietal cortex) and the anterior attention system (anterior cingulate and basal ganglia) 

are involved in attention and control of cortical areas necessary for the completion of 
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complex cognitive tasks. Changes in these parietal and frontal lobe structures could 

lead to a decrease in cognitive function.  

According to Petersen (2000), one difficulty in determining normal cognitive 

decline is the definition or concept of normal. Petersen proposes that one method of 

observing normal functioning would be to study individuals without any comorbidity 

such as hypertension or cardiovascular disease. However, because many aging 

individuals often present with these symptoms, studies that only include individuals 

without any comorbidities may not be representative of the aging population. 

 Many researchers are interested in and speculate about the age of onset for 

cognitive decline and the brain mechanisms that are responsible for observed changes 

in brain function (Christensen, 2001). Different parts of the brain have been associated 

with different cognitive functions. Cognitive functions can include but are not limited 

to: memory, executive function, crystallized and fluid intelligence, procedural 

learning, and processing speed (Bayles & Tomoeda, 2014; Fleming, 2013). In 

determining how cognitive functions are affected by aging, researchers must study 

specific cognitive abilities individually. While normative data are available for a 

number of neuropsychological tests for individuals up to age 100 years, some 

researchers (e.g., Petersen, 2000) claim that the data are contaminated by the inclusion 

of individuals with subtle or early cognitive impairments. 

Elderly individuals often report concerns about memory or word retrieval 

abilities (Christensen, 2001; Fleming, 2013; Petersen, 2000). When are these concerns 

part of typical cognitive functioning due to aging, and when are they indicators of 
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abnormal cognitive decline? In the metacognition literature, it is reported that tip-of-

the-tongue (TOT) phenomenon occurs in everyday life when an individual cannot 

retrieve a word stored in memory. According to Schwartz (1999), two key features of 

TOT are a temporary feeling of inaccessibility and imminence that the word will be 

retrieved from memory. With TOT, individuals are confident that they can recall 

target information. So, if an individual does not feel confident he/she can recall the 

word in memory, could it be a sign of pathological cognitive decline? Some 

researchers claim that elderly individuals demonstrate increased deficits in processing 

new lexical and semantic information (Fleming, 2013; Thornton & Light, 2006). 

However, other researchers report that vocabulary or semantic memory is preserved in 

elderly individuals who are aging typically (Bayles & Kaszniak, 1987; Fleming, 

2013). While individuals are able to define vocabulary words into late adulthood with 

accuracy, the method of defining the word may evolve from a synonym to a multi-

word explanation (Bayles & Kaszniak, 1987). Thus, while semantic information is 

preserved in elderly individuals, it is plausible that the access to that knowledge is 

slower due to changes in neuron activation. Interferences with the processing of new 

information and word retrieval could interrupt the fluency of word production 

(Fleming, 2013).  

According to Christensen (2001), three major cognitive functions are often 

used to characterize change in typically aging individuals: crystallized intelligence, 

memory, and cognitive speed. Crystalized intelligence refers to the knowledge, based 

on fact, that an individual has obtained from prior learning and past experiences (Horn 
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& Cattell, 1967). Decreased crystallized intelligence is one of the cultural stereotypes 

of aging (Bayles & Kaszniak, 1987). Some declines are observed on psychometric 

measures of intelligence; however, these changes are small and insignificant. Previous 

research on crystallized intelligence has demonstrated that abilities can continue to 

increase into the sixth or seventh decade of life (Christensen, 2001; Enkvist, Ekstrom, 

& Elmstahl, 2013; Kaufman, McLean, Kaufman-Packer, & Reynolds, 1991). If 

significant deficits in crystallized intelligence are observed in aging individuals, the 

deficits are typically not attributed to aging; rather, they are attributed to brain 

pathology (Valdes Hernandez et al., 2013; Yotter et al., 2013). Across longitudinal 

studies with elderly individuals, including the Canberra Longitudinal Study 

(Henderson et al., 1994; Korten et al., 1997), crystallized intelligence did not 

significantly decline even in individuals who were 85 years old at the time of post-

testing (Christensen, 2001).   

While significant changes are not observed in crystallized intelligence, several 

researchers have demonstrated that memory and cognitive processing speed slowly 

decline over time/with age. Christensen (2001) reported that slight deteriorations in 

memory and cognitive processing speed were observed in a number of longitudinal 

data sets. Petersen (2000) reported that aging individuals could exhibit a decline in 

memory function that does not lead to a more significant disorder or dementia. Bayles 

and Kaszniak (1987) concluded that the study of memory and aging has led to some 

generalizations. One generalization is that age group differences are observed for the 

speed and accuracy of recall from working memory. While older adults exhibit 
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differences in the encoding and retrieval processes for long-term memory, there is not 

a difference in information storage (Bayles & Kaszniak, 1987; Bayles & Tomoeda, 

2014). Fleming (2013) posited that deficits in memory function might be related to 

reductions in resource capacities to complete tasks with increased cognitive and 

linguistic demands. The extent to which cognitive changes occur can determine the 

differences between normal aging and abnormal disruptions in brain structure and 

physiology. 

Declines in cognitive processing speed in elderly individuals have been 

debated among researchers. The Canberra Longitudinal Study (Henderson et al., 1994; 

Korten et al., 1997) reported that cognitive processing speed scores, as measured by 

the Symbol Letter Modalities Test (Christensen et al., 1994), decreased rapidly with 

age in the elderly population between 70 and 102 years of age. According to Salthouse 

(1996), the central hypothesis of the processing-speed theory is that increased age in 

adulthood is associated with a decrease in the speed at which many processing 

operations can be executed. The reduction in speed leads to impairments in cognitive 

functioning.  

In contrast, Jacobson, Nielsen, Minthon, Warkentin, and Wiig (2004) 

examined normal performance on single- and dual-dimension naming stimuli and age-

related differences in rapid automatic naming (RAN) to assess how stimulus 

variability or age-effect influenced performance. The researchers found that color 

naming times (perceptual speed) could be expected to slow by .06 seconds per year or 

approximately 1 second every 16 years of normal aging and that this small decrease is 
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not likely related to deteriorating cognitive function. According to Bayles & Kazsniak 

(1987), differences in processing speed can also be accounted for when other 

comorbidities are present: Older adults in very good cardiovascular health have faster 

reaction times compared to less healthy peers. These discrepancies regarding 

processing speed differences in elderly individuals could be related to differences in 

how cognitive processing speed is measured, the physical health of elderly individuals, 

and/or the relative low reliability for measurement of processing speed. These 

variables make it difficult to determine if there is a true decline in cognitive processing 

speed for normal elderly individuals. 

Normal versus Pathological Aging 

 Impairments in function (e.g., cognition and motor) could be at the extreme 

end of a normal distribution of aging symptoms (Cook et al., 1986; Levy, 1994).  For 

example, individuals often experience memory impairments as they age, but 

individuals with Alzheimer’s disease (AD) exhibit a debilitating loss of memory 

function. If normal and pathological aging were on a continuum, then AD could be 

classified as an exaggerated form of memory impairment found in all elderly 

individuals. 

 Mobbs and Hof (2009) argue that the continuum hypothesis of aging cannot be 

correct because memory impairments in persons with AD are different from age-

related impairments on standardized tests.  In addition, pathological changes in brain 

structure and function can be observed with AD. Furthermore, neurological diseases 
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are due to distinct pathological processes, and the more universal impairments 

observed in aging individuals are not likely due to the same mechanisms.   

Characteristics of Mild Cognitive Impairment 

The term mild cognitive impairment (MCI) is used to describe an early but 

abnormal state of cognitive impairment (Petersen, 2004) and was originally intended 

to refer to stage 3 (Petersen et al., 2009) of the Global Deterioration Scale (GDS) 

(Reisberg, Ferris, de Leon, & Crook, 1982).  Individuals are typically considered to 

have MCI when memory impairment is present beyond what is expected for normal 

aging, and all other cognitive functions remain relatively intact. In preliminary studies 

that attempted to characterize individuals with MCI at the Mayo Clinic, researchers 

found that participants with MCI performed similarly to control subjects rather than to 

individuals with dementia on measures of general cognitive and other non-memory 

indices (Petersen et al., 1999). In regard to memory tasks, participants with MCI were 

similar to participants with AD rather than the control participants. In addition to 

impairment on delayed recall tasks, individuals with MCI typically did not benefit 

from the provision of semantic cues during the learning or recall phase of the task 

(Julayanont et al., 2014; Petersen et al., 1999). This supports the hypothesis that 

something beyond the TOT phenomenon (Schwartz, 1999) is occurring with MCI. 

The original Mayo Clinic criteria for MCI were as follows: 1) a memory 

complaint that was verified by an informant, 2) objective memory impairment for age, 

3) relatively preserved general cognition for age, 4) relatively no difficulty with 

activities of daily living, and 5) not demented (Petersen, 2004; Petersen et al., 1999).  
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Since the original criteria were identified, researchers have determined that there are 

several clinical subtypes of MCI. Individuals with significant memory impairment and 

relatively intact other cognitive domains are classified as single-amnestic MCI (single-

aMCI). A second type of MCI has been identified as multi-amnestic (multi-aMCI) in 

which memory and other cognitive domains (e.g., language, executive function, and 

visuospatial skills) are impaired.  The third type of MCI is multiple-nonamnestic MCI 

(multi-naMCI). Subtle decline in cognitive functions not related to memory are 

observed in individuals with naMCI. Impairments in multiple cognitive domains (e.g., 

language, executive function, and visuospatial skills) can exist without memory 

impairment. The least common type of MCI is a single, nonmemory, cognitive MCI 

(single-naMCI), which results in an impairment in a single nonmemory cognitive 

domain (e.g., language, executive function, or visuospatial skills) (Petersen, 2004; 

Petersen, 2011; Petersen et al., 2009). A recent study indicates that individuals with 

multi-aMCI subtype (impairment in memory plus another cognitive domain) have 

increased risk for AD compared to individuals with other subtypes of MCI (Julayanont 

et al., 2014). It is important for health care professionals to understand these 

classifications when they are discussing possible outcomes with individuals and their 

family members.   

Characteristics of Alzheimer’s Disease and Other Dementias 

Alzheimer’s disease (AD) is the most common cause of dementia associated 

with aging (Kelley & Petersen, 2007). Researchers now believe that 

pathophysiological changes begin years before cognitive function changes are detected 
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(Budson & Soloman, 2012; Mayeux et al., 2011; McKann et al., 2011). As the 

incidence, prevalence, and economic impact of AD continues to climb, the early 

detection and prevention of AD is vital (Busdon & Soloman, 2012; Petersen, 2000; 

Seshadri et al., 2011). AD is a slowly progressive dementia in which memory disorder 

is typically the hallmark symptom. Delayed verbal recall is often the earliest sign of 

memory impairment. Eventually, other cognitive and linguistic changes are observed 

in individuals with AD (Petersen, 2000).   

 Memory impairments are the hallmark symptom of AD. Deficits in episodic 

memory often occur first, followed by deficits in working memory. In the early stages 

of AD, individuals are able to perform simple activities of daily living (ADLs) that 

involve procedural memory (e.g., going to the bathroom and getting dressed) but often 

exhibit breakdowns in performance of more complex tasks that involve more working 

memory and EF (e.g., planning a meal). As AD progresses from the early to middle 

stages, memory abilities progressively deteriorate. Individuals exhibit increased word 

finding difficulties and require supervision and environmental supports to complete 

simple ADLs. In the late stages of AD, individuals are often disoriented to place and 

time. They can rarely complete simple ADLs independently. All memory functions are 

significantly impaired, and increased word retrieval deficits result in halting and 

sometimes meaningless verbal output (Bayles & Tomoeda, 2007). Noncognitive 

symptoms of AD (e.g., agitation, apathy, depression, and psychosis) are often 

distressing to both the individual with AD and family members/caregivers (Kelley & 

Petersen, 2007).  
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Most researchers agree that dementia is not a part of the normal aging process; 

rather, it is a syndrome. Dementia is the term used to describe a condition of chronic 

progressive deterioration in intellect, personality, and communicative functioning 

(Bayles & Kazsniak, 1987; Bayles & Tomoeda, 2014; Muo et al., 2005; Petersen, 

2000).   The clinical features of dementia are multiple deficits including memory 

impairment and one or more additional cognitive disturbances (e.g., aphasia, apraxia, 

agnosia, executive dysfunctioning) that interfere with social and/or occupational 

functioning (Bayles & Tomoeda, 2007; McKhann et al., 2011). There are many 

diseases that are associated with and can be attributed to causing dementia such as 

Huntington’s disease, traumatic brain injury, and Parkinson’s disease. It is important 

to understand and receive the correct differential diagnosis to ensure that the correct 

intervention is implemented as early as possible (Budson & Soloman, 2012; Mayeux 

et al., 2011). 

Changes Over the Lifespan 

There is much debate among researchers regarding the progression of normal 

cognitive aging, MCI, and dementia. Because some aging individuals do not 

demonstrate significant declines in cognitive functions (Petersen, 2004), it is 

impossible to say that as individuals age they will progress from age-related changes 

in cognitive functioning to mild cognitive impairment and then to dementia. Many 

individuals who are classified with MCI demonstrate fluctuating cognitive abilities 

and do not progress toward dementia (Albert el al., 2011; Britt et al., 2011; Ganguli et 
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al., 2011; Roberts et al., 2012). Other individuals diagnosed with MCI progress toward 

dementia at a rate of approximately 12% per year (Petersen, 2004). 

Petersen et al. (2009) stated that a major factor in determining outcomes of 

MCI was the referral source. The researchers calculated a conversion rate of 10% to 

15% per year for individuals who were referred from memory disorder clinics or AD 

centers. While a conversion from MCI to dementia is not certain, a diagnosis of MCI 

is a risk factor for dementia. Individuals with subtle changes in cognitive functions 

should seek appropriate behavioral and medical interventions to reduce the risk of 

progression. Potential factors influencing the rate of progression are clinical severity, 

apolipoproteinE status, atrophy on brain magnetic resonance imaging (MRI), 

cerebrospinal fluid markers compatible with AD, and a positive amyloid imaging scan 

(Petersen et al., 2009). Additionally, certain clinical subtypes of MCI may increase the 

risk of progression to AD (i.e., multi-aMCI is more likely to lead to AD) (Julayanont 

et al., 2014). Research has not demonstrated that a definite continuum exists from 

normal aging to MCI to dementia. This lack of continuum does not negate the 

importance of early detection or intervention for MCI. Outcomes for individuals with 

MCI vary and may improve with appropriate behavioral or medical intervention (Britt 

et al., 2011; Ganguli et al., 2011; Hopper et al., 2013; Huckans et al., 2013; Roberts et 

al., 2012). 

Parts of the brain affected by dementia 

 As dementia progresses, numerous parts of the brain begin to show anatomical 

changes. The pre-motor and visual cortices are the areas of the brain that exhibit the 
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least changes during the progression of the disease. As dementia progresses, changes 

can be found in the frontal, temporal, and parietal lobes of the brain  (Haxby et al., 

1990). Braak and Del Tredici (2011) found that changes in the brain associated with 

dementia could be observed in some individuals under the age of 30. Hallmark 

anatomical changes in dementia include neuritic plaques, neurofibrillary tangles, 

granulovacuolar degeneration, and atrophy (Bayles & Tomoeda, 2013; Bayles & 

Tomoeda, 2014). 

 Neuritic plaques are frequently found in the outer half of the cortex. These 

plaques are composed of amyloid-beta fragments that have combined with other 

molecules, neurons, and nonnerve cells. Neurofibrillary tangles are microtubules that 

disintegrate and become tangled (Bayles & Tomoeda, 2013). Granulovacuolar 

degeneration describes the granular debris found in fluid-filled spaces of the brain 

(Bayles & Tomoeda, 2013). Brain atrophy can be observed in the early stages of 

dementia. A recent study by Erten-Lyons et al. (2013) found that ventricular volume 

trajectory was the most sensitive measure of brain atrophy associated with age. In 

addition, the presence of infarcts, neurofibrillary tangles, and/or neuritic plaques could 

lead to a dementia diagnosis. Detecting these anatomical changes requires a variety of 

tests and access to expensive medical equipment. Typically these tests are performed 

when an obvious problem in cognitive abilities is observed. While some of these 

changes might be visible through early neuroimaging, health care professionals must 

become more proficient in identifying early behavioral/clinical changes that could 

indicate cognitive dysfunction.   
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Clinical Tools for Differentiating Normal Aging, MCI, and Dementia 

 Health care professionals (e.g., speech–language pathologists, social workers, 

physicians, and nurses) are facing increased demands to complete quick and accurate 

cognitive screenings/assessments with elderly individuals. In addition to time 

constraints, professionals frequently have limited financial resources for purchasing 

standardized assessment measures.  Historically, health care professionals have relied 

on the Mini-Mental State Exam (MMSE) (Folstein et al., 1975) to screen the cognitive 

status of individuals. The MMSE was developed to evaluate the cognitive status of 

psychiatric patients. The purpose was to evaluate aspects of cognitive functioning that 

do not relate to an individual’s psychological health. Folstein et al. (1975) cautioned 

that the MMSE was not expected to replace a full assessment or be used as a stand-

alone diagnostic tool. The MMSE is worth a total of 30 points. The first section of the 

test, worth a total of 21 points, requires only verbal responses for questions related to 

orientation, memory, and attention. The second section of the test assesses oral 

naming, ability to follow oral commands, written language, and visual spatial skills. 

Education level is not a factor in scoring or interpreting overall cognitive status using 

the MMSE. Individuals with less than a high school education are perceived to 

demonstrate the same cognitive abilities as those individuals with a high school 

education or greater. Reliability for the MMSE is high with a test-retest reliability 

coefficient of 0.887. The MMSE’s sensitivity (correct positive identification) for 

detecting MCI is 18% and for detecting dementia is 78%. The specificity (correct 

negative identification) for the MMSE is 100% (Folstein et al., 1975). 
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In more recent years, the Montreal Cognitive Assessment (MoCA) 

(Nasreddine et al., 2005) was developed to assess the overall cognitive status of aging 

individuals. This measure is available free of charge to health care professionals. The 

MoCA has been translated in over 30 different languages. The MoCA was developed 

for health care professionals to assist in the detection of MCI and AD. The assessment 

can be administered in approximately 10 minutes. Tasks on the MoCA assess 

cognitive domains including attention and concentration, executive functions, 

memory, language, visuoconstructional skills, conceptual thinking, calculations, and 

orientation. A maximum of 30 points can be earned, and each task is assigned a 

specified point value. A score of 26 or above is considered normal.  A score between 

19 and 25 indicates MCI. A score between 11 and 21 indicates AD. Individuals are 

asked to state their level of education during administration of the MoCA. If the 

individual’s education level is 12th grade or less, one point is added to the individual’s 

score to account for differences in education level. Compared to the MMSE, the 

MoCA has higher sensitivity in detecting MCI (e.g., Nasreddine et al., 2005; Smith, 

Gildeh, & Holmes, 2007). Reliability for the MoCA is robust with a test-retest 

reliability coefficient of 0.92.  The MoCA’s sensitivity for detecting MCI is 90% and 

for detecting mild AD is 100%. The specificity for the MoCA is 87% in normal 

elderly individuals and individuals with mild AD (Nasreddine et al., 2005). The 

MMSE and the MoCA evaluate a variety of cognitive functions; however, neither of 

these tests evaluate cognitive processing speed or efficiency. 
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Effects of Aging on Cognitive Processing 

Many individuals believe that aging or getting older is the reason they 

experience difficulties recalling information or perceive that they cannot process 

information as quickly. Finkel, Reynolds, McArdle, and Pedersen (2007) studied age-

related changes in processing speed as a leading indicator of cognitive aging. The 

researchers sought to clarify the dynamic relationships between components of 

intelligence during aging. Specifically, they looked at four cognitive domains: verbal 

abilities, spatial abilities, memory, and processing speed. Data were collected over the 

course of 16 years for 806 participants. The participants were a subset of twins from 

the Swedish Twin Registry, some of whom had been raised separately from each 

other. The participants were between the ages of 50 and 88 years at the beginning of 

the study. Participants were determined to be nondemented based on the current 

diagnostic criteria for dementia.  

In the Finkel et al. (2007) study, a cognitive test battery was administered to 

participants on five different occasions over time. Cognitive domains were measured 

through the following methods: First, verbal abilities were measured by tests of 

information, synonyms, and analogies. Second, spatial abilities were measured by tests 

of figure logic, block design, and card rotations. Third, memory tests included digit 

span, picture memory, and names and faces. Fourth, processing speed was measured 

by symbol digit and figure identification. Dual change score models (DCSMs) were 

used to determine the nature of a dynamic relationship among cognitive abilities and 

aging. DCSMs are a way to examine how one variable impacts change in a related 
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variable. The results indicated an accelerating decline for all cognitive factors rather 

than only factors in specific domains. The most pronounced decline occurred for the 

spatial and speed factors. A moderate decline occurred for the memory factor, and the 

most modest decline occurred for the verbal factor. Because the scores were reported 

using a DCSM, this study reported the interaction of speed on the other cognitive 

domains (i.e., speed  verbal; speed  spatial). The study did not report speed as an 

independent variable; consequently, it is difficult to determine if cognitive processing 

speed alone declines solely due to aging, or if aging in conjunction with other 

cognitive demands is responsible for the decline in processing speed over time. 

Some researchers believe that cognitive processing speed decreases with age 

and is a part of the normal aging process. The processing-speed theory (Salthouse, 

1985) is cited most often in the literature to explain the cognitive aging phenomena. 

Can the processing-speed theory of cognitive aging be applied throughout the lifespan, 

or do younger individuals process information differently than older individuals? 

According to Salthouse (1996), the central hypothesis of the processing-speed theory 

is that increased age in adulthood is associated with a decrease in the speed in which 

many processing operations can be executed. The slower speed of activating or 

processing information is the key rather than the rate of information loss or decay. 

According to Salthouse, this slower speed of processing is primarily responsible for 

age-related consequences. Additionally, changes or disruptions in the synchronization 

of neural signals or patterns of activation can affect the availability of information. 
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Some researchers hypothesize that cognitive processing speed deteriorates with 

age, although the amount of deterioration has been questioned. Previous research has 

shown that reaction time increases progressively by 1.49 milliseconds per year of age, 

and that the effects of aging may be different for different neurological pathways 

(Jacobson, Repperger, Goodyear, & Michel, 1986). Jacobson, Nielsen, Minthon, 

Warkentin, and Wiig (2004) examined normal performance on single- and dual-

dimension naming stimuli and age-related differences in rapid automatic naming 

(RAN) to assess how stimulus variability or age-effect influenced performance. As 

previously discussed, RAN is an alternative approach to assessing cognitive function. 

It is sensitive to small changes in processing speed and has been used by previous 

researchers to examine the effects of epilepsy, executive function disorders, frontal 

lobe impairment, temporal-parietal lobe dysfunctions, and other neurological 

conditions that negatively affect cognition (Strauss, et al., 1995; Vendrell, et al., 

1995). The researchers hypothesized that RAN tasks have the potential to serve as 

functional probes to measure normal versus deteriorating cognitive function.  

In the Jacobson et al. (2004) study, a total of 144 participants (81 men and 63 

women), ranging in age from 15 to 85 years, were administered five dual-dimension 

RAN tasks from A Quick Test of Cognitive Speed (AQT) (Wiig et al., 2002). The 

tasks were administered in random order during individual sessions. Results showed 

that color naming was not subject to learning effect, and naming times for single-

dimension letters and numbers were significantly less (faster) than the naming times 

for single-dimension forms, animals, or objects. This was most likely due to 
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individuals’ greater exposure to/familiarity with letters and numbers compared to 

forms, animals, and objects.  Additionally, naming times for dual-dimension stimuli 

were consistently greater (slower) than for each of the related single-dimension 

stimuli. The researchers found that for individuals who were considered to be aging 

normally, color naming times slowed by approximately .06 seconds per year or 1 

second every 16 years of aging. Thus, this small change associated with normal aging 

is not likely to interfere with the detection of deteriorating cognitive function in 

individuals with cognitive pathology. 

 In 2007, Wiig, Nielsen, and Jacobson again explored the effects of age on 

perceptual and cognitive processing speed. They compared the means of AQT RAN 

naming times with reports of change across groups on a visual-pattern comparison 

speed task and on selected cognitive tests of content. Participants included 300 

neurotypical adults (142 women and 158 men) ranging in age from 15 to 95 years. 

Results showed that age accounted for a 14% variance in color, 19% variance in form, 

and 8% variance in color + form naming time. Naming times on single-dimension 

color and dual-dimension color + form tasks increased by 1 second per decade, and 

naming time on single-dimension form tasks increased (worsened) by approximately 6 

seconds per decade.  

 Wiig et al. (2007) compared the data from their study to previous studies and 

concluded that cognitive processing speed for dual-dimension color + form naming 

can be expected to be similar to the single-dimension perceptual speed total (color 

only + form only). Additionally, they concluded that perceptual speed appears to show 
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greater differences across age groups when responses to stimuli are less automatic, 

even if the stimuli are familiar. Minimal changes in cognitive processing speed for 

dual-dimension color + form naming across age groups may indicate that executive 

function cognitive factors are the primary contributors to individual differences in 

cognitive processing speed rather than age.  In addition, other factors (e.g., diagnosis 

of AD) may also negatively affect cognitive processing speed. 

Brain Structure and Function During Cognitive Processing 

The parietal lobe is traditionally thought to be the neural basis for the 

integration of sensory information (visual, auditory, and touch information) 

(Andersen, 1997). In a previous case study conducted by Warkentin, Wiig, and 

Nielsen (1999), significantly lower regional cerebral blood flow (rCBF) values in 

frontal and frontotemporal areas were found during single-dimension color naming, 

single-dimension form naming, and dual-dimension color + form naming tasks. The 

rCBF values were compared to rCBF values obtained during the FAS verbal fluency 

test, part of the Multilingual Aphasia Examination (Benton & Hamsher, 1994), and 

during a rest period. Warkentin et al. (1999) observed significantly higher rCBF 

values in parietal association areas bilaterally during single-dimension form naming 

and dual-dimension color + form naming tasks. 

Wiig et al. (2002) evaluated the functional involvement of cortical areas using 

measurements of regional cerebral blood flow (rCBF) during the performance of dual-

dimension color + form naming tasks. The color + form RAN tasks were used to probe 
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functions of brain mechanisms that affect automaticity, fluency, and speed in language 

production. According to Wiig (2002), previous evoked potential studies indicated that 

cortical activity associated with the interference of naming speed in adults with 

neurological impairments occurs in the left hemisphere, and the left parietal and 

frontal lobes may be involved. In this study, participants included 14 neurotypical 

individuals ranging in age from 25 to 67 years. None of the participants had a positive 

history of developmental or adulthood neurogenic disorders. Two-dimensional rCBF 

was measured over two periods of time: the first 10-minute period was at rest, and the 

second 10-minute period consisted of continuous color + form naming.  

Wiig et al. (2002) found the same significant flow value patterns as the 

Warkentin et al. (1999) study for the participants who completed the color + form 

naming task. The researchers concluded that the parietal lobe was activated on tasks 

that imposed greater executive requirements on working memory. Significantly higher 

activation in the right and left parietal lobes was found for naming tasks that involved 

color and form combinations. These tasks appear to be less automatic and require 

greater monitoring and decision-making. 

Measuring Cognitive Processing Speed 

 

Processing speed measures have not been standardized across disciplines; 

consequently, there are three different means of measuring processing speed in 

humans. Deary, Johnson, and Starr (2010) sought to determine whether or not 

processing speed tasks were biomarkers of cognitive aging. They outlined three 
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different levels of measurement. First, from a general psychology perspective, 

processing speed is assessed using psychometric tests such as the Digit Symbol-

Coding and Symbol Search subtests of the Wechsler Intelligence Scales (Wechsler, 

1997). In the second level, from cognitive-experimental psychology, simple and 

choice reaction time tasks are used to assess processing speed. Third, psychophysics 

researchers use inspection time to assess processing speed. The authors posited that all 

of these levels are correlated with higher level cognitive functions.   

Processing speed has been established as an important domain in cognition, 

although how to distinguish it as a biological marker of cognition is not clear at this 

point in time. Deary et al. (2010) measured the extent to which processing speed 

differences measured in old age reflected cognitive ability differences in youth and old 

age. They recruited members of the 1936 Lothian Birth Cohort in Scotland to 

participate in the study. The participants were administered a general intelligence test 

at the age of 11years. They were asked to complete the same general intelligence test 

at age 70 in addition to five psychometric, experimental psychology, and 

psychophysical processing speed tasks. The researchers found that processing speed 

measures at age 70 reflected the individual differences in general cognitive ability that 

existed approximately 60 years earlier. Thus, processing speed measures only 

explained a small amount of variance in an individual’s cognitive function at age 70 

after taking into account the level of cognitive functioning at age 11. The researchers 

concluded that the small remaining variance appeared to be related to aging 

differences. These results suggest that there is a strong tie between processing speed 
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and intelligence/overall cognition but leaves doubt regarding the best way to 

distinguish processing speed as a biomarker of cognitive aging. It is important to 

understand where activation in the brain occurs during cognitive processing since 

processing speed can be measured in a variety of ways. 

Rapid automatic naming. Typically cognitive impairments are assessed 

using neuropsychological tests that probe verbal learning, memory, retention, and 

recall. Nielsen, Ringstrom, Wiig, and Minthon (2007) proposed that an alternative 

approach to assessing cognitive function is to use processing speed tests. Processing 

speed tests measure perceptual speed with single-dimension naming tasks and 

cognitive processing speed (including attention, set shifting, and working memory) 

with dual-dimension naming tasks.  

 The objective of the study conducted by Nielsen et al. (2007) was to test the 

hypothetical relationship between performances on AQT (Wiig et al., 2002) and 

standard performances on neuropsychological tests used to assess cognition.  The 

authors proposed that AQT dual-dimension naming times, as indicators of cognitive 

processing speed, would correlate significantly with clinical measures of memory for 

cognitive content, verbal learning, and attention/executive functions, including set 

shifting. The study involved 41 participants in Sweden who were admitted for 

neuropsychiatric evaluation and diagnosis. Each participant was evaluated by the same 

neuropsychologist. The evaluation included the AQT dual-dimension color + form 

subtest, the MMSE (Folstein et al., 1975), the WAIS-III (Wechsler, 1997), the FAS 

Verbal Associated Fluency Test (Benton, Hamsher, & Sivan, 1994), the Trail Making 
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Test (Reitan & Wolfson, 1995), the Swedish Cronholm-Molander Test (Nordgren, 

1978), and the Rey Complex Figure Test (Meyers & Meyers, 1995). The researchers 

demonstrated that the AQT identified perceptual and cognitive processing deficits: 

Scores on the AQT showed significant correlations or associations with scores on all 

of the neuropsychological tests used in the study. The researchers concluded that the 

AQT could be used as a neuropsychological test of cognitive processing speed and is 

sensitive to cognitive impairments associated with neuropsychological disorders. 

 RAN, as measured on the AQT, has been used to screen for AD in the adult 

population. Nielsen, Wiig, Warkentin, and Minthon (2004) hypothesized that the dual-

dimension (color + form combination) naming task on the AQT would show greater 

sensitivity and specificity than the single-dimension naming tasks and that the dual-

dimension tasks would show greater sensitivity than the MMSE. This hypothesis is 

supported by previous research which indicated that adults with mild-to-moderate AD 

had significantly decreased cerebral blood flow in the occipital, temporal, and parietal 

regions bilaterally and increased blood flow in the superior frontal regions (Warkentin, 

Erikson, & Janciauskiene, 2008).  

 Participants in the Nielsen et al. (2004) study included 38 adults with mild or 

moderate AD and 38 matched controls. The AQT Color + form subtest and the MMSE 

were administered to both groups. Data showed significant differences in scores 

between both groups for the MMSE and AQT. Color + form combination naming 

times resulted in greater sensitivity and specificity for identifying cognitive 

impairments. This was accomplished by classifying each participant’s naming times 
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into one of two categories: typical or atypical/pathological. The study additionally 

reported that AQT resulted in only 3% false negatives, while the MMSE resulted in 

16% false negatives. These results support the use of RAN tasks as a screening tool 

for cognitive impairments associated with early AD.  

 In 2007, Andersson, Wiig, Minthon, and Londos investigated the performance 

of individuals with dementia with Lewy bodies (DLB) on AQT compared to 

individuals with dementia of the Alzheimer’s type, or Alzheimer’s disease (AD). The 

goal of the study was to determine if a simple test of cognitive processing speed would 

be beneficial in distinguishing DLB and AD and if performance differences existed 

between DLB participants and controls. Participants included 23 individuals with 

DLB, 18 individuals with AD, and 24 individuals without a positive history for 

neurological or psychiatric disease. Participants were administered the MMSE and 

AQT. There were no significant differences in age, gender, or mean MMSE scores 

between the DLB and AD participants, and controls had significantly higher MMSE 

scores than the participants with dementia (either DLB or AD). Researchers found 

significant differences (p < .003) in cognitive processing speed between DLB and AD 

patients. Participants with DLB required more time to complete the naming tasks than 

participants with AD. They concluded that slow performance on AQT at relatively 

high MMSE levels could be one way to distinguish DLB from AD. Further testing is 

needed with larger study groups to validate these findings, but this study again 

supports the use of the AQT as a screening tool for cognitive impairments. 
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Measuring Cognitive Efficiency 

 Previous studies have demonstrated that AQT is a quick and easy way to 

measure perceptual speed (single-dimension naming tasks) and cognitive processing 

speed (dual-dimension naming tasks).  These measures of processing speed can be 

used to identify changes in the processing speed of persons who are aging normally 

and possibly differentiate between types of MCI or dementia. The relationship 

between single-dimension and dual-dimension naming measures was originally 

thought to be explained by a simple additive model. The additive model suggested that 

measures of total single-dimension speed (i.e., color-only [C] plus form-only [F] 

naming times [C+F]) would equal dual-dimension speed (i.e., color + form naming 

times [CF]) (Jacobson et al., 2004; Wiig et al., 2007).  

Nielsen and Wiig (2011) sought to determine if the simple additive model 

explained the relationship between single and dual-dimension naming speeds in 

typical adults. They administered the AQT color (C), form (F), and color + form (CF) 

subtests to 270 neurotypical adults ranging in age from 18 to 70 years (M = 44.0; SD = 

14.6). The results indicated that the simple additive model (CF = C + F) was not 

sufficient to explain the relationship between the single and dual-dimension naming 

measures. Another measure, overhead (O), was calculated from the data collected. The 

overhead measure was calculated by subtracting the sum of the two single-dimension 

times (C + F) from the dual-dimension time (CF). The formula for overhead is O = 

CF- (C + F).  
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In the 2011 study, the researchers established normative criteria (i.e., means 

and standard deviations for three different age cohorts) for the expected amount of 

overhead, as follows: 18-34 years (mean of 4.62 seconds and standard deviation of 

5.55 seconds) 35-54 years (mean of 2.53 seconds and standard deviation of 5.82 

seconds) and 55-74 years (mean of 1.89 seconds and standard deviation of 5.18 

seconds). The results indicated that the overhead value was significantly higher (p < 

.0001) in individuals between the ages of 18 to 34 years, suggesting that single-

dimension naming time increases (slows down slightly) after 35 years of age. These 

results are important because they suggest that overhead (i.e., cognitive efficiency) 

may represent a minimal switch cost (i.e., set shifting while performing dual-

dimension naming tasks) as well as a minimal amount of time to articulate two words 

in rapid succession (e.g., “red triangle”).  The results indicate that regardless of age, 

neurotypical individuals should efficiently process information. The researchers have 

collected data from a variety of countries with participants who speak a variety of 

languages and have different education levels. Results from preliminary analysis of 

the data indicate that age and education level do not appear to affect processing speed 

times for neurotypical individuals. If smaller overhead times (indicating decreased 

cognitive processing efficiency) occur in aging adults, then deficits in cognitive 

functioning and other pathological changes may be present. 

 Further research is needed to determine if cognitive processing speed and 

efficiency measures in older adults could be beneficial in differentiating normal aging 

from MCI and MCI from dementia.  The measure of overhead (i.e., cognitive 
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efficiency) can be easily calculated in a clinical setting and compared to the normative 

data obtained by Nielsen and Wiig (2011). Increased/longer processing times may 

suggest executive function disorders or other pathological changes in brain function. 

Additionally, unusually low overhead values may indicate pathological changes in 

cognitive function/efficiency. 

 In a research study conducted by Fleck (2013), 45 individuals between the ages 

of 65 and 74 years of age with no known history of neurological impairment were 

recruited and completed screening measures for overall cognitive function. All 

participants were living independently in single-family homes or apartment homes. 

Many of the individuals were still employed part- or full-time at the time of the study. 

When interviewed, neither participants nor family members reported abnormal 

cognitive functioning or cognitive concerns. Pre-testing results on the MoCA revealed 

that 48% of the participants fell in the atypical range: 42% participants scored below 

the normal cut off score of 26 and fell within the MCI range, and 6% fell within the 

Alzheimer’s Disease range.  The Mayo Clinic (2010) estimates that approximately 

20% of individuals over the age of 70 are affected by MCI (Petersen et al., 2010). The 

percentage of participants who scored within the MCI range in this study sample was 

more than double the estimated percentage reported by the Mayo Clinic. The 

researcher hypothesized that participants might have been over-identified as MCI 

using the MoCA or that this screening measure could possibly identify early cognitive 

deficits that had not yet been detected by individuals or their family members. These 

findings led the researcher to ask the following questions: If the MoCA correctly 
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identified early cognitive deficits, how were participants functioning on complex 

IADLs, which require executive functions? 

Executive Functions in the Aging Population 

 Some researchers have argued that elderly individuals exhibit declines in 

cognitive abilities related to executive functioning (EF) earlier than declines in other 

cognitive functions and that the observed declines are typical and simply related to age 

(Salthouse & Miles, 2002). Other researchers have suggested that the observed EF 

declines in elderly individuals are comparable to children’s performance on EF tasks, 

indicating a deterioration of function indicative of pathology (Royall, Palmer, Chido, 

& Polk, 2004). Still other researchers have argued that typically aging individuals 

show evidence of increased abilities to produce high-quality solutions on EF tasks. In 

more than one study, researchers found a discrepancy in how older and younger 

individuals completed real-life problem solving tasks: Task analysis indicated that 

older adults utilized different strategies than younger adults and that the use of the 

strategies led to better performance (Cona, Arcara, Amodio, Schiff, & Bisiacchi, 2103; 

Crawford & Cannon, 2002; Jurado & Rosselli, 2007). 

 It is important to understand how normal aging, MCI, and dementia might be 

responsible for observed declines in EF abilities. Royall et al. (2004) stated that age-

related decline in EF is one way to explain the decline in functional status that is 

observed in the aging population. In their Freedom House study, researchers found 

that scores on the Executive Interview (EXIT25) (Royall, Mahurin, & Gray, 1992) 

were a significant independent predictor of change in functional status. Additionally, 



Texas Tech University Health Sciences Center, Christy Fleck, December 2015 

 

 39 

strong significant associations were observed for the EXIT25 scores and performance 

on instrumental activities of daily living (IADLs). Since declines in functional status 

among the aging population often lead to placement in assisted living or long-term 

care residences, it is critical that health care professionals understand and detect early 

declines in functional status.  

Measuring Executive Function and Mild Cognitive Impairment 

Detweiler, Trinkle, and Anderson (2004) stated that early intervention for EF 

deficits in persons with MCI may extend the number of years an individual can live 

independently. Since many dementia screening tests focus primarily on posterior 

cortical features of Alzheimer’s disease (AD) and underestimate frontal system 

deficits that include EF impairment, many individuals who are at risk for frontal 

system deficits or vascular disease are not identified as early as possible. If frontal 

system functions/EF in addition to memory impairments are not screened periodically, 

the advantages of early diagnosis are lost for individuals with MCI. The establishment 

of a rapid diagnostic protocol with high sensitivity and specificity for frontal system 

deficits is needed to increase the productivity and quality of life for individuals with 

MCI. 

Royall, Palmer, Chiodo, and Polk (2005) stated that MCI only converts to 

dementia when additional cognitive impairments are observed which result in a 

clinically significant functional decline. The researchers used data from the Freedom 

House Study to determine if changes in memory test performance had any significant 

associations with functional declines independent of changes in EF. The participants 



Texas Tech University Health Sciences Center, Christy Fleck, December 2015 

 

 40 

were recruited from a comprehensive-care retirement community but were living 

independently within the community. The EXIT25 was used to evaluate EF abilities in 

participants.  EXIT25 scores range from 0 to 50 with higher score indicating greater 

impairment.  The California Verbal Learning Test (CLVT) (Delis, Kramer, Kaplan, & 

Ober, 1987) was used to evaluate memory function. Participants were evaluated at 

three different times over approximately 3 years. At baseline participants scored 

within the normal range on the EXIT25 and CVLT, and the baseline scores 

significantly correlated with IADL scores. A moderate inverse correlation was 

observed between the EXIT25 and CVLT baseline scores. The longitudinal analysis 

revealed small decreases or deterioration in CVLT and IADL scores and clinically 

significant EF (EXIT25 scores) deterioration (mean EXIT25 score > 15/50) by the 

second follow-up appointment for all participants. The researchers concluded that the 

results were relevant to possible conversion from MCI to dementia because 

individuals with memory and EF impairment have a greater conversion risk. 

According to Royall et al. (2005), the results suggest that changes in EF mediate 

memory’s association with functional decline. Thus, aMCI cases may have little risk 

of conversion to dementia unless an EF impairment is also acquired. The researchers 

suggested that more MCI studies should include screening measures or assessments 

for EF. 

Fleming (2014) found that subtle declines in linguistic abilities were present in 

individuals with MCI. Analysis of conversational discourse across nine participants 

with MCI and nine age- and gender-matched peers demonstrated a link between 
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cognitive flexibility (a component of EF) and discourse production ability. These 

subtle changes in cognitive-linguistic skills may also provide a method of early 

detection for MCI in addition to standardized test batteries.  

Marshall et al. (2011) and the Alzheimer’s Disease Neuroimaging Initiative 

(ADNI) compared EF and IADLs in persons with normal aging characteristics, MCI, 

and AD. The participants/data for the study were obtained from the ADNI and 

included 228 normal aging controls, 387 individuals with MCI, and 187 individuals 

with AD. The Functional Activities Questionnaire (FAQ) (Pfeffer, Kurosaki, Harrah, 

Chance, & Filos, 1982) was used for the assessment of IADL impairment. The EF 

score was calculated using scores from the Wechsler Adult Intelligence Scale-Revised 

Digit Symbol and the Trailmaking Test A & B. The MMSE was used as the general 

measure of cognition, and the Rey Auditory Verbal Learning Test (Rey, 1964) was 

used to measure memory impairment. A multiple regression analysis was conducted 

using participants’ FAQ scores as the dependent variable. The researchers found a 

significant relationship between executive dysfunction and IADL impairment 

independent of diagnosis, global cognitive impairment, memory performance, 

depression, and apathy. The researchers concluded that executive dysfunction may 

negatively affect completion of IADLs in individuals with MCI. Future longitudinal 

studies are necessary to determine whether executive dysfunction precedes IADL 

impairment in MCI and would possibly predict the progression of MCI to AD. These 

studies of EF and MCI illustrate the importance of evaluating EF abilities as they 

relate to IADL and continued independence for aging individuals.  
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While some researchers have used questionnaires, executive function tests, or 

conversational discourse to assess EF, occupational therapy researchers have used 

IADLs to assess EF. Baum et al. (2008) developed the Executive Function 

Performance Test (EFPT) to assess EF deficits using real-world tasks. The authors 

designed the assessment to inform/train caregivers and family members regarding the 

level of support and types of cues required for individuals who had sustained a stroke 

to complete EF tasks. 

The EFPT consists of four real-world tasks: making oatmeal, using a 

telephone, taking medication, and paying bills. Individuals are provided with a written 

set of instructions and items to complete each task. The EFPT assesses the individual’s 

ability to use five executive functions (i.e., initiation, organization, sequencing, safety 

and judgment, and completion). If an individual exhibits difficulty completing the 

task, five levels of cueing can be implemented during the assessment. The assessment 

provides three scores that include the EF component score, the task score, and a total 

score. While the assessment provides insight regarding performance on real-world 

tasks, the test has not been standardized or normed for the aging population to date. 

Speech-language pathologists have used the Assessment of Language-Related 

Functional Activities (ALFA) (Baines, Heeringa, & Martin, 1999) to assess an 

individual’s ability to complete IADLs. The ALFA was developed to assess functional 

skills in individuals who had a neurological condition. The assessment was normed 

and standardized on 495 patients with neurologic trauma and 150 typically functioning 



Texas Tech University Health Sciences Center, Christy Fleck, December 2015 

 

 43 

adults. Additionally, 92% of the individuals with neurologic trauma and 86% of the 

typically functioning adults were 55 years of age or older.  

The assessment provides independent functioning ratings for each of the 10 

subtests. The independent functioning rating consists of three levels. Level 1 indicates 

a high probability that the person can function independently. The cutoff score to 

establish the lower limit of level 1 was approximately 1 standard deviation below the 

typically functioning sample’s mean. Level 2 indicates that an individual requires 

some level of assistance to complete tasks. This score was calculated to include all 

scores between the lower limit of level 1 and the upper limit of level 3. Level 3  

indicates a high probability that the individual cannot function independently on this 

task. The score was established by using the neurologic trauma sample’s first quartile. 

The ALFA provides a standardized, norm-referenced assessment for functional IADLs 

that can be used with aging adults to determine if they are functioning typically or 

performing below average. While EF in IADLs can indicate an individual’s level of 

independence in functional tasks, it does not reflect how long it takes the individual to 

complete the task. 

Executive Functions and Cognitive Processing Speed 

 In an effort to understand age-related declines in cognitive functioning, 

researchers have examined the relationship between cognitive processing speed and 

EF (Albinet, Boucard, Bouquet, & Audiffren, 2012; Baudouin, Clarys, Vanneste, & 

Isingrini, 2009; Bugiaska et al., 2007; Perrotin, Isingrini, Souchay, Clarys, & 

Taconnat, 2006). The processing-speed theory (Salthouse, 1996) attributes age-related 
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cognitive declines to a decrease in the speed at which processing operations are 

executed. The prefrontal-executive theory attributes general cognitive deficits to 

structural and functional changes in the frontal cortex that are linked to EF abilities 

(Albinet et al., 2012). In the last few years, researchers have studied the connection 

between processing speed and EF abilities using coding tasks, neuropsychological 

tests, the remember/know/guess procedure, and a-feeling-of-knowing accuracy rates. 

These studies have produced mixed results regarding the relationship between 

processing speed and EF depending on the type of task used. Further research is 

needed to evaluate this relationship longitudinally and determine if measures of 

cognitive processing speed and EF should be used in conjunction with general 

cognitive measures for the assessment of MCI. 

 There is still much ambiguity in the literature about EF. Information about 

definitions, development, models, assessments, and clinical implications is constantly 

evolving. Regardless of the researcher’s frame of reference, EF processes are 

important for being successful in life and demonstrating functional independence. 

Further research is needed to determine how EF abilities can be included in standard 

protocols that assess cognitive functioning in aging. Additionally, research that seeks 

to investigate general cognitive function, EF, and cognitive processing speed and how 

these constructs are related may be beneficial for the early detection of cognitive 

impairments. Examination of these constructs could possibly provide ways to identify 

subtle behavioral differences between normal aging and MCI. 
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Perceived Quality of Life Related to Cognition and Executive Function 

 An individual’s health related quality of life (QOL) encompasses more than 

illness and includes psychosocial factors (e.g., functional impairments, financial 

burden, diminished cognition) that affect daily life and life satisfaction. Muldoon, 

Barger, Flory, and Manuck (1998) proposed a framework that identifies core elements 

of quality of life related to health. This framework can assist health care professionals 

in evaluating individuals’ QOL and gaining a better understanding of how QOL can be 

measured. According to the authors, QOL research seeks to obtain two different types 

of information. The first type of information sought in QOL assessment is the 

individual’s functional status (i.e., objective level of functioning). The second type of 

information sought is an appraisal of health to determine how an individual’s QOL is 

impacted (i.e., subjective well being). While QOL scales provide important 

information about individuals’ perceptions of current circumstances, it is important to 

acknowledge that QOL measures are subjective and can be influenced by 

psychological factors unrelated to health and may change over time (Muldoon et al., 

1998). 

 The Neurology Quality of Life (Neuro-QOL) scales (Cella et al., 2012) were 

designed to assess an individual’s health-related QOL in 13 different domains, 

including applied cognition and EF. The cognitive health QOL scales (i.e., applied 

cognition – general concerns, applied cognitive- executive function, and 

communication) were normed using a general population sample in addition to 

individuals with neurological conditions. These scales separate cognitive-linguistic 
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functions and provide researchers and health care professionals with an individual’s 

perceived ratings for his or her cognition, EF, and communication abilities.  

 As individuals age, a frequent complaint or perceived symptom of aging is 

memory impairment. Additionally, a subjective memory complaint is often used to 

begin the diagnostic process of MCI (Petersen, 2004). Roberts, Clare, and Woods 

(2009) conducted a literature review to determine if an individual’s level of awareness 

(perception) of memory function could predict a future progression to dementia. 

Results of the literature review found no evidence for the role of awareness in 

predicting conversion to dementia. Additionally, some individuals with MCI had 

limited awareness, while other individuals overestimated their level of dysfunction. In 

the current study, this researcher sought to determine whether or not an individual’s 

perceived QOL for cognitive health is correlated with objective performance on a 

general cognitive measure. 

International Classification of Functioning, Disability, and Health  

The World Health Organization developed the International Classification of 

Functioning, Disability, and Health (ICF) (see Figure 2.1) to provide a standard 

language and framework for health and health-related states. Under the ICF 

framework for health and disability, the term functioning refers to body functions and 

activities and participation. The term disability refers to the impairments that an 

individual encounters which impose activity limitations and participation restrictions. 

The ICF’s focus is on health and functioning. While this framework appears simple, it 
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is useful to families, health care professionals, and policy makers as a planning and 

decision-making tool. 

The ICF is designed to work in tandem with the International Classification of 

Diseases and Related Health Problems (ICD-10) (World Health Organization, 2002). 

When these frameworks are combined, they provide health care professionals with an 

overall view of the individuals and impairments that may be present due to changes in 

body structure and/or function. Individuals can benefit from the use of these tools 

because diagnosis of a disease or condition does not designate a specific treatment 

plan. Additionally, diagnosis of a disease/condition cannot predict the impact on 

return-to-work potential, likelihood of social integration, or the need for disability 

benefits. Following diagnosis of a disease or condition, various factors are evaluated 

to determine treatment options such as hospitalization, specific services, or an 

increased/decreased level of care.  Using the ICF and ICD-10 together can assist with 

the evaluation of these factors to determine best practice treatment options.  The use of 

these tools could also improve identification of functional outcomes.  

The ICF involves two different traditional models of disability. The first 

conceptual model, the medical model, refers to disability as a feature of the person that 

was directly caused by disease, trauma, or other health conditions. The second 

conceptual model, the social model, views disability as a socially-created problem that 

is not an attribute/feature of the individual. Rather the disability or problem, which is 

created by a lack of access to the physical environment and influenced by attitudes in 

the social environment, would require a political response to instigate change in the 
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social environment. The ICF could be called a biopsychosocial model because it 

combines medical and social factors to provide an overall representation of the 

individual. 

In the ICF model, disability and functioning are viewed as the outcome 

following diagnosis of health conditions (diseases, disorders, and injuries) and 

contextual factors (environment and personal factors). There are three levels of 

functioning: the body/body part, the whole person, and the social context in which a 

person exists. The context in which a person experiences disability could be at the 

external level (environmental) or the internal level (personal). Examples of 

environmental factors are social attitudes, legal structures, and political climate. 

Examples of personal factors might include gender, age, social background, education, 

and past experiences. The ICF provides healthcare professionals with a broader 

picture/framework for assessing the impact of health-related conditions on body 

function and participation. 

Summary 

 Standardized screening measures provide a snapshot of cognitive functions, 

but how do those scores relate to everyday function in aging individuals?  Individuals’ 

executive function (EF) skills have proven to be a strong indicator of their ability to 

independently complete IADLs and maintain independent living status. When 

combined, assessment of general cognitive function, perceptual and cognitive 

processing speed and efficiency, and EF ability could possibly differentiate normal 

aging from pathological aging.  
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 The number of aging individuals is increasing rapidly across the world. A large 

number of these individuals are at risk for dementia. While typically aging individuals 

appear to exhibit some cognitive declines, the extent of those cognitive declines is 

widely debated. Some researchers believe that aging considerably impacts an 

individual’s cognitive processing speed, while other researchers believe that the 

amount of slowing is not substantial. Some researchers believe that cognitive declines 

are related to impaired EF, which can lead to declines in functional status. Still other 

researchers believe that education impacts performance on cognitive functioning. 

While many researchers believe that age-related declines are different than 

pathological changes in body/brain function, there is little evidence to suggest how 

specific changes in body/brain function can be predictive of IADL performance.  

Objective functioning and subjective wellbeing affect individuals’ perceptions 

of health related QOL, so do aging individuals perceive that their cognitive health 

QOL is influenced by their cognitive performance or successful completion of IADLs? 

The ICF provides a model for evaluating an individual in a more holistic fashion. This 

model suggests that individuals should not be defined by diseases/disorders alone, but 

rather by how a disease/disorder impacts their ability to participate in everyday 

activities.  To date, no studies have examined whether or not performance on IADLs 

can be predicted by measures of cognitive function. Because health care professionals 

rely on standardized measures of cognitive function to determine functional status, an 

increased understanding of how cognitive measures relate to IADLs could provide 

additional insight into how activities and participation are affected by cognitive 
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declines. The purpose of this study was to investigate whether any predictive 

relationship exists between overall cognitive functioning, perceptual speed, cognitive 

processing speed, cognitive efficiency, age, gender, education level and EF 

(performance of IADLs). Additionally, correlation coefficients were determined to 

investigate the relationship between cognitive health QOL and overall cognitive 

function (MoCA score) in individuals who report to be aging typically. 

Research Questions  

Specific research questions for this study are as follows: 

1.) Do age, gender, education level, or test scores of overall cognitive function, 

perceptual speed, cognitive speed, and cognitive efficiency predict 

performance of IADLs (ALFA scores) in normal elderly individuals?                

2.) Is perception of cognitive health QOL (per Neuro-QOL) associated with 

overall cognitive function (per MoCA score) in elderly individuals? 
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Figure 2.1 World Health Organization Model for International Classification of 

Functioning, Disability, and Health (ICF). Adapted from “Towards a common 

language for functioning, disability, and health: The International Classification of 

Functioning, Disability, and Health (ICF)” by World Health Organization, 2002, p. 9. 

Retrieved from http://www.who.int/classifications/icf/icfbeginnersguide.pdf?ua=1 
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CHAPTER III 

METHODS 

Research Design 

A descriptive study was conducted to investigate the possibility of existing 

relationships among variables used to determine level of cognitive functioning and 

performance of instrumental activities of daily living (IADLs) in individuals who 

report to be aging typically. This study specifically examined the clinical relevance of 

standardized assessments for determination of functional status in IADLs. In other 

words, can a clinician predict performance on IADLs by examining overall cognitive 

function, perceptual speed, cognitive processing speed, cognitive efficiency, and/or 

education level? Additionally, this study investigated whether or not perceived 

cognitive health quality of life (QOL) was related to formal measures of cognitive 

functioning, as determined by the MoCA. 

Procedures for Participant Recruitment 

Participants were recruited from the researcher’s professional and social 

networks. The researcher distributed flyers to friends, colleagues, and family members 

to see if they knew individuals who might be interested in participating in a short 

research study. Individuals interested in participating in the study contacted the 

researcher using the telephone number or email address provided on a recruitment 

flyer (Appendix A). Through the recruitment flyer, the researcher identified 45 
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individuals who met the qualifications stated below and were interested in 

participating in the study. The researcher did not access medical records for 

recruitment of individuals. 

Participants 

A total of 45 individuals between the ages of 65 and 80 years with no known 

history of neurological impairment consented to take part in the study. The mean age 

for all participants was 73 with a standard deviation of 4.3 years. All of the 

participants reported that their primary language was English. Of the 45 participants, 

19 were male and 26 were female; 42 were Caucasian, 1 was African American, and 2 

claimed other ethnicity. The education level of the 45 participants was as follows: 21 

had a high school diploma and/or some college, and 24 had a bachelor’s degree or 

higher.  Table 3.1 provides an overview of demographic information for participants. 

Procedures 

Approval from the Institutional Review Board was obtained, and each 

participant consented to take part in the study. Study data were collected at the homes 

of the individual participants or at a community center in a private room. A research 

assistant accompanied the researcher on all visits. The research assistant verified that 

all procedures in the testing protocol were followed for each participant to increase 

reliability of the study. The research assistant also obtained measurements (rounded to 

the nearest tenth of a second) on all timed subtests, which were averaged with the 

researcher’s time measurements.  
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All participants were assessed using the Montreal Cognitive Assessment 

(MoCA) (Nasreddine et al., 2005) as a measure of overall cognitive functioning. 

Additional measurements were obtained specifically to evaluate cognitive processing 

speed and efficiency, perceived cognitive health QOL, and EF related to performance 

of IADLs using the following tests: A Quick-Test of Cognitive Processing Speed 

(AQT) Color, Form, and Color + Form subtests (Wiig et al., 2002), Neurology 

Quality-Of-Life (Neuro-QOL) cognitive function subtest (Cella et al., 2012), and 

Assessment of Language-Related Functional Activities (ALFA) solving everyday 

math problems, writing a check and balancing a checkbook, and understanding 

medicine labels subtests (Baines, Heeringa, & Martin, 1999) .  

For each participant, a hearing screening was conducted using a portable pure-

tone audiometer to determine whether or not hearing was within normal limits. This 

screening did not determine eligibility for the research study but instead determined if 

the participant would benefit from the use of an assistive listening device during 

testing. If a participant wore hearing aids, the researcher performed a hearing aid 

check to ensure the hearing aids were functioning properly. If the participant did not 

wear hearing aids, a hearing screening was conducted at 25 decibels (dB) hearing level 

(HL) at 1000, 2000, and 4000 Hertz (Hz) bilaterally. If the participant did not pass 

(i.e., failed at 1 or more frequencies) the hearing screening at 25 dB HL, he/she was 

rescreened at 45 dB HL. Individuals who passed the screening at either 25 dB or 45 

dB HL continued to participate in the study. Individuals who failed the screening at 45 

db HL continued to participate in the study and were provided with an assistive 
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listening device and encouraged to adjust the volume as needed to increase the 

likelihood that they adequately heard conversational speech. Individuals who did not 

pass the screening at 25 dB HL were advised to be rescreened in 3-6 months or 

referred to an audiologist for further audiological testing but were not excluded from 

this study. According to the National Institute on Deafness and Other Communication 

Disorders (2010), 30% of individuals between the age of 65-74 years and 47% of 

individuals over the age of 75 have a hearing loss.  Some studies have reported an 

association between hearing loss and cognitive decline (e.g., Lin et al., 2013; Uhlmann 

et al., 1989), and others have reported an association with dementia (e.g., Gallacher et 

al., 2012; Lin et al., 2013; Peters, Potter, & Scholer, 1988). Because hearing loss is 

common in the aging population, excluding everyone with some degree of hearing loss 

was not feasible and was akin to the challenge to which Petersen (2000) referred 

regarding finding elderly participants without hypertension and/or cardiovascular 

disease. Adequate hearing for conversational speech and adequate vision (with or 

without corrective lenses) such that participants could see the written and pictorial 

stimuli on the various test batteries was required for study inclusion. 

Measures.  

The Montreal Cognitive Assessment (MoCA) (Nasreddine et al., 2005) can be 

administered in approximately 10 minutes. Tasks on the MoCA assess the following 

cognitive domains: attention and concentration, executive functions, memory, 

language, visuoconstructional skills, conceptual thinking, calculations, and orientation. 

Each task is assigned a specific point value; the maximum number of points earned is 
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30. For individuals who have 12 years or fewer of education, one point is added to the 

individual’s total score. A score of 26 or above is considered normal. A score of 25 or 

less is considered to indicate Mild Cognitive Impairment. See Appendix B for a copy 

of the MoCA. Reliability for the MoCA is robust with a test-retest reliability 

coefficient of 0.92. Following testing, participants were provided a copy of their 

MoCA results. Additionally, participants received a flyer on Top 10 Tips for 

Maintaining Brain Health (Appendix C). 

The AQT (Wiig et al., 2002) can be administered in less than 15 minutes. The 

test consists of three tasks: single-dimension color naming; single-dimension form 

naming; and dual-dimension combination naming (i.e., color + form). Participants are 

provided with three different stimuli sheets, each consisting of 40 items (i.e., colors, 

forms, and color + form combinations). Participants are instructed to name each of the 

40 items as quickly and accurately as possible, as if they are reading aloud. See 

Appendix D for examples of the test stimuli. Each subtest is scored by calculating the 

total time in seconds required to complete each task. The individual administering the 

test notes any errors made during the naming task and documents if the errors were 

self-corrected or uncorrected.  

For this study, the researcher read the specific instructions for each subtest and 

told each participant to “begin now.” The researcher activated a stopwatch when the 

participant started speaking and continued timing the individual until he or she had 

spoken the name of the last item on the subtest. Results of the test are classified into 

three categories:  normal, slower than normal, and pathological. Reliability for the 
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AQT is robust with test-retest reliability coefficients of 0.90 or higher for single- and 

dual-dimension naming tasks. 

In this study participants were expected to complete the color subtest in fewer 

than 25 seconds, the form subtest in fewer than 30 seconds, and the color + form 

subtest in fewer than 60 seconds to be considered to be aging typically based on age 

norms provided in the AQT manual. Cognitive efficiency was calculated using the 

overhead (O) formula: O = CF- (C + F), where CF = dual-dimension color + form 

naming time, C = single-dimension color naming time, and F = single-dimension form 

naming time. 

The Neuro-QOL (Cella et al., 2012) was developed to provide a 

psychometrically robust quality of life scale for adults and children. The assessment 

tool can be used for 17 domains related to physical, mental, and social heath. The 

cognitive health domain originally consisted of applied cognition – general concerns, 

applied cognition – executive function, and communication questionnaires. The 

applied cognition – general concerns questionnaire is used to assess possible perceived 

difficulties in everyday cognitive functions including memory, attention, and decision-

making. The applied cognition – executive function questionnaire is used to assess 

possible perceived difficulties related to the application of cognitive functions for 

planning, organizing, calculating, using working memory, and learning. The 

communication questionnaire is used to assess possible perceived difficulties related 

to oral expression, language production, articulation, comprehension, and 

organization.  The short-form cognitive function questionnaire, which combines 
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general concerns and executive function, was used in this research study. The 

cognitive function short-form consists of four questions related to overall cognitive 

function and four questions related to executive function skills for IADLs. Participants 

use a scale of 1 to 5 to answer each question. A score of 5 indicates independence with 

the task, and a score of 1 indicates inability to complete the task. Neuro-QOL raw 

scores range from 25 to 40 points, and the raw score is then converted to a t-score.  All 

items on the Neuro-QOL were found to have a R2 (coefficient of determination) of 

greater than 0.60 during development of the Neuro-QOL scales. 

The ALFA (Baines, Heeringa, & Martin, 1999) was designed to assess 

individuals’ performance on 10 language-related functional tasks and determine if 

they could adequately perform these specific functional activities in spite of a 

documented impairment. The ALFA can be administered using all 10 subtests, or 

selected subtests can be used to evaluate an individual’s performance on specific 

functional activities. The 10 subtests include: telling time, counting money, addressing 

an envelope, solving daily math problems, writing a check and balancing a checkbook, 

understanding medicine labels, using a calendar, reading instructions, using the 

telephone, and writing a phone message. The ALFA was normed on individuals 

between the ages of 16 and 95 years of age. Administration time for the entire test can 

range from 30 minutes to 2 hours. Results of each subtest can be classified into one of 

three categories:  high probability of independent function, indication of need for some 

level of assistance (requires further exploration), and high probability the individual is 

not able to function independently. Each subtest has a raw score of 10 points. 
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Reliability for the ALFA is high across two constructs. Reliability coefficients of 0.80 

or higher for each subtest were obtained for internal consistency among items within a 

subtest. Additionally, the test scorer reliability coefficient was robust at 0.99.  

Three ALFA subtests (solving everyday math problems, writing a check and 

balancing a checkbook, and understanding medicine labels) were used for this study. 

These subtests were selected because they represent IADLs that often determine an 

individual’s ability to remain independent in the home environment. The solving 

everyday math problems subtest included questions such as “Your recipe calls for 2 

cups of chicken. If you want to triple the recipe, how much chicken do you need?” and 

“If it costs 50 cents to park (your car) for 20 minutes, how much will it cost to park for 

1 hour?” The writing a check and balancing a checkbook task was modified to more 

closely simulate real-life bill paying as follows: the check provided in the ALFA was 

modified to include a bank name, address, account number, and memo line. An actual 

water utility invoice was presented to participants, and they were asked to write a 

check for the amount owed on the invoice (Appendix E). For the understanding 

medicine labels subtest, the task was again modified to more closely simulate real-life 

activities. Prescriptions from the ALFA stimulus book were updated to reflect current 

medications, and CVS pharmacy labels were prepared for each prescription (Appendix 

F). Different types of candy (similar in size and color to actual pills) were used to 

represent different medications in case a participant attempted to ingest the 

“medication.” Participants were asked the subtest questions for each prescription as 

exactly stated in the ALFA protocol. Participants were asked to sort medications using 
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an actual plastic pillbox with columns for each day of the week and rows for four 

different times of the day (i.e., morning, lunch, evening, and bedtime) rather than 

using the ALFA stimulus sheet depicting a pillbox. All modifications to the ALFA 

tasks were completed in an attempt to update the stimulus materials while preserving 

the integrity of the subtests. 

Procedural Integrity 

 A research assistant observed 100% of the sessions and recorded whether or 

not the stated procedures were followed. A procedural checklist including each test 

administered and a data sheet were provided to the assistant to record procedural 

integrity (See Appendix G). Procedural integrity was 100% for all sessions. 

Interobserver Agreement 

 The primary investigator collected demographic information and administered 

the MoCA, AQT Color, Form, and Color + Form subtests, the ALFA solving 

everyday math problems, writing a check and balancing a checkbook, and 

understanding medicine labels subtests, and the Neuro-QOL short form cognitive-

function questionnaire to each participant. The investigator and a research assistant 

recorded verbal fluency answers on the MoCA and time in seconds for each AQT 

subtest. Interobserver agreement was calculated from the data sheets (See examples in 

Appendix H) for 100% of the observations. Following the testing session, the 

investigator and research assistant compared MoCA scores and results on the ALFA 

understanding medicine labels subtest. Any disagreements were discussed, and a 
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consensus was reached regarding the discrepancy. Interobserver agreement for AQT 

time scores was calculated for each administered subtest (color, form, and color + 

form) and reported for all observations. For the AQT color subtest, researchers’ 

reported times were within 1 second of each other 97% of the time and within 2 

seconds of each other 3% of the time. For the AQT form subtest, time values were 

within 1 second of each other 97% of the time and within 2 seconds of each other 3% 

of the time.  For the color + form subtest, time values were within 1 second of each 

other 88% of the time and within 2 seconds of each other 12% of the time. 

Interobserver agreement for pill placement on the ALFA understanding medicine 

labels task was 97.78%. 

Data Analysis 

The results of this descriptive experimental design were analyzed using 

multiple linear regression and correlations. All participants in this study were tested on 

one occasion using the same measures, specifically the MoCA and subtests of the 

AQT, ALFA, and Neuo-QOL questionnaire. The predicted variables involved EF and 

were based on the ALFA subtest raw scores, which represented performance on 

IADLs (i.e., solving daily math problems, writing a check and balancing a checkbook, 

and understanding medicine labels). The predictor variables were the accuracy or time 

measures on a test of overall cognitive function (i.e., MoCA) and tests of perceptual 

speed, cognitive processing speed, and cognitive efficiency (i.e., AQT subtests).  

Additional independent variables included demographic measures (i.e., age, gender, 
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and education level). The results of this study were analyzed using SAS (2011) 

version 20.0 for PC. Data from all 45 individuals were included in the final analysis.  
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Table 3.1  

 

Demographic Information for Participants 

 

Mean Age; S.D. Gender Education 

Level 

Ethnicity Primary 

Language 

73; 4.3 19 males 21 High school 

diploma and/or 

some college 

42 Caucasian English 

 26 females 24 Bachelor’s 

degree or higher 

1 African 

American 

 

   2 Other 
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CHAPTER IV 

RESULTS 

The primary purpose of this study was to investigate whether any predictive 

relationship exists between overall cognitive functioning, perceptual speed, cognitive 

processing speed, cognitive efficiency, age, gender, education level and EF 

(performance of IADLs). Additionally, correlation coefficients were determined to 

investigate the relationship between cognitive health QOL and overall cognitive 

function (MoCA score) in individuals who report to be aging typically. Multiple linear 

regression models were fitted to predict the values of dependent variables using 

independent variables.  The predicted variables in this study were the ALFA scores for 

the everyday math problems subtest, the writing a check and balancing a checkbook 

subtest, and the understanding medicine labels subtest.  The predictor variables in this 

study included test scores from the MoCA (overall cognitive function) and AQT 

(perceptual speed, cognitive processing speed, and cognitive efficiency). The 

independent variables in this study included demographic factors of age, gender, and 

education level. 

Descriptive statistics are provided in Table 4.1. Mean scores for all ALFA 

subtests were within normal limits. The solving daily math problems mean was 8.93 

(SD 1.30); the range for typical performance is 8-10. The writing a check and 

balancing a checkbook mean was 8.87 (SD 1.19); the range for typical performance is 

7-10. The understanding medicine labels subtest mean was 9.78 (SD .64); the range 
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for typical performance is 8-10. For the AQT color + form subtest the mean was 58.09 

seconds (SD 12.11); normal performance for this subtest is < 60 seconds (Wiig et al., 

2002; Wiig et al., 2007). The mean score for the MoCA was 25.40 point (SD 3.24); 

the range for typical performance is 26 to 30. See Appendix I for a complete list of 

individual participant test scores/values. 

Research Question One: Predictors of Performance on Instrumental 

Activities of Daily Living 

The relationship between predictors (i.e., overall cognitive functioning as 

determined by the MoCA scores, cognitive processing speed and cognitive efficiency 

as determined by the AQT scores, and participants’ age, gender, and education level) 

and predicted variables (i.e., executive function during IADLs determined by scores 

on the ALFA subtests) was investigated using multiple linear regression analysis. Two 

different methods were used for determining inclusion of variables in the study. In the 

stepwise selection approach, after each variable was added it was later removed if it no 

longer contributed significantly to the model. In the forward selection approach, 

predictor variables were added one at a time as long as they met an entry criterion. 

The ALFA subtest raw scores were converted using logarithmic 

transformations to normalize the distribution. As the transformed log score increased, 

the strength of the relationship with the independent variable increased.  In this study, 

the predictor variables (MoCA and AQT test scores) and predicted variables (ALFA 

subtest scores) were measured on a ratio scale.  Demographic identifiers (age, gender, 
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and education level) were added as independent variables and measured on a 

categorical scale. 

The first analysis was conducted using the ALFA everyday math problems 

subtest as the dependent variable. The independent variables included in the analysis 

were age, gender, education level, AQT scores of cognitive processing speed and 

cognitive efficiency, and the MoCA score. The resulting regression model using the 

stepwise and forward selection methods indicated that two of the six predictors 

explained 37% of the variance in the dependent variable (R2 = 0.37, F(3,41) = 12.48, p 

< .0001). The two independent variables were cognitive processing speed (β = -.0068, 

p <.0001) and education level (β = .1126, p <.0001).  Cognitive processing speed 

predicted 26.4% of the variance; education level contributed an additional 10.4%. 

Both of these variables significantly predicted performance on the everyday math 

problems subtest. See Table 4.2 for multiple linear regression values.  

The second analysis was conducted using the ALFA writing a check and 

balancing a checkbook subtest as the dependent variable. The independent variables 

included in the analysis were AQT scores for cognitive processing speed, cognitive 

efficiency, and perceptual speed, the MoCA score, age, gender, and education level. 

Results using the stepwise and forward selection methods indicated that one predictor 

explained 21% of the variance in the dependent variable (R2 = 0.21, F (1,43) = 11.51, 

p < .0015): perceptual speed  (β = -.0147, p <.0015) significantly predicted 

performance on the writing a check and balancing a checkbook subtest. See Table 4.3 

for multiple linear regression values. 
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The third analysis was conducted using the ALFA understanding medicine 

labels subtest as the dependent variable. The independent variables included in the 

analysis were AQT scores for cognitive processing speed and cognitive efficiency, the 

MoCA score, age, gender, and education level. This regression model did not reveal 

any significant results. 

Correlation coefficients were determined to further investigate relationships 

among variables. The Pearson correlation (r) was used to investigate the strength and 

direction of the relationship among IADLs scores on the ALFA solving everyday math 

problems, writing a check and balancing a checkbook, and understanding medicine 

labels subtests and AQT scores for cognitive processing speed (in seconds) and 

cognitive efficiency (overhead value). The Spearman rank correlation was used to 

determine whether or not there was a relationship between the ALFA subtest scores 

and the MoCA total score (a test of overall cognitive functioning).  

See Table 4.4 for a summary of Pearson correlation values. A moderate, 

significant negative correlation was observed for the ALFA solving everyday math 

problems subtest score and cognitive processing speed (r (43) = -.53, p = .00). A non-

significant relationship was observed for cognitive efficiency (r (43) = -.24, p = .12). 

A moderate, significant negative correlation was observed for the ALFA writing a 

check and balancing a checkbook subtest score and cognitive processing speed (r (43) 

= -.42, p = .00). A non-significant relationship was observed for cognitive efficiency 

(r (43) = -.17, p = .25). Non-significant results were observed between the ALFA 
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understanding medicine labels subtest score and cognitive processing speed (r (43) = -

.03, p = .82) and cognitive efficiency (r (43) = -.01, p = .95). 

The Spearman rank correlation was used to determine the strength of the 

relationship between the IADL measures and overall cognitive function as measured 

by the MoCA total score. There was a moderate, significant correlation between the 

ALFA solving everyday math problems subtest and the MoCA total score  (rs (43) = 

.48, p = .00). See Table 4.5 for results. Non-significant results were observed between 

the other two ALFA IADL subtests and the MoCA total score: writing a check and 

balancing a checkbook (rs (43) = .29, p = .05); understanding medication labels (rs 

(43) = .003, p = .99). 

In sum, multiple linear regression models determined which dependent 

variables (ALFA subtest scores) were predicted by the independent variables 

(measures of cognitive function, age, gender, and education level). Both faster 

cognitive processing speed and higher education level were predictive of higher scores 

on the solving everyday math problems subtest. Faster perceptual speed was predictive 

of higher scores on the writing a check and balancing a checkbook subtest. The 

significant correlational results obtained using the Pearson and Spearman rank 

analyses were an indication that a relationship between some of the independent 

variables and dependent variables existed. Higher MoCA scores were associated with 

higher scores on the everyday math problems subtest. Faster cognitive processing 

speeds were associated with higher scores on the everyday math problems and the 

checkbook subtests. 
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Research Question Two: Associations between Perceptions of Overall 

Cognitive Health and Actual Cognitive Function 

 In an effort to validate the measure of overall cognitive function as determined 

by MoCA scores, a questionnaire was used to determine if participants perceived 

themselves as functioning typically. The cognitive health domain of the Neuro-QOL 

asked participants to rate the likelihood of difficulty in completing specific cognitive 

tasks. The standardized z score for the Neuro-QOL and the MoCA scores were 

analyzed to determine if a significant relationship existed between the two scores. The 

Pearson correlation coefficient was used to investigate the relationship among 

cognitive health QOL, as measured by scores on the Neuro-QOL, and overall 

cognitive function, as measured by scores on the MoCA, in normal elderly individuals. 

There was no correlation between perception of cognitive health and overall cognitive 

function (r (43) = 0.05, p > .05). Thus, MoCA scores of overall cognitive function 

may not reflect an individual’s perception of his or her ability to perform. See Figure 

4.1 for a scatterplot of cognitive health OQL and MoCA values.  
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Table 4.1  

Means, Standard Deviations, and Ranges for Test Scores of Participants 

 ALFA 

DMPa 

ALFA 

Checkb 

ALFA 

Medicationc 

MoCAd Cognitive 

Processing 

Speede 

Cognitive 

Efficiencyf 

Neuro-

QOLg 

Mean 8.93 8.87 9.78 25.40 58.09 3.10 34.98 

Standard 

Deviation 

1.30 1.19 .64 3.24 12.11 7.36 4.02 

Range 4 – 10 6 – 10 7 - 10 15 - 30 38.17 – 

98.87 

-9.14 – 

23.28 

25 - 40 

aALFA DMP = Assessment of Language-Related Functional Activities Solving Daily Math Problems 

subtest (raw score)  
bALFA Check = Assessment of Language-Related Functional Activities Writing a Check and 

Balancing a Checkbook subtest (raw score) 
cALFA Medication = Assessment of Language-Related Functional Activities Understanding Medicine 

Labels subtest (raw score) 
dMoCA = Montreal Cognitive Assessment 
eCognitive Processing Speed = A Quick Test of Cognitive Speed (AQT) Color + Form subtest 
fCognitive Efficiency = Overhead Value ( O = CF – (C + F)) from AQT subtests  
gNeuro-QOL = Neuro-QOL Short Form Cognitive-Health Domain Questionnaire (raw score) 
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Table 4.2 

Predictors of Performance on Everyday Math Problems 

 

Variable 
 ALFA 

DMPa 

  β SE t p 

Intercept  2.397 .1323 18.11 .0001 

Cognitive processing speedb (per AQT)  -.0068 .0018 -3.8** .0001 

Education level  .1126 .0427 2.63* .0012 

R2 .37     

F 12.48**     
aALFA DMP = Assessment of Language-Related Functional Activities Solving Daily Math Problems 

subtest 
bCognitive Processing Speed = A Quick Test of Cognitive Speed (AQT) Color + Form subtest 
* p < .05. ** p < .01. 
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Table 4.3 

Predictors of Performance on Writing a Check and Balancing a Checkbook 

 

Variable 
 ALFA 

Checka 

  β SE t p 

Intercept  2.5296 .1061 23.84 .0001 

Perceptual speed 

(per AQT) 
 -.0147 .0043 -3.39* .0015 

R2 .21     

F 11.51*     
aALFA Check = Assessment of Language-Related Functional Activities Writing a Check and Balancing 

a Checkbook subtest 
bPerceptual Speed = A Quick Test of Cognitive Speed (AQT) Color subtest 
* p < .05. 
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Table 4.4 

Pearson Correlation Values for IADL Subtests, Cognitive Processing Speed, and 

Cognitive Efficiency 

 

IADL 

(ALFA) 

subtest 

name 

ALFA 

DMPa 

ALFA 

Checkb 

ALFA 

Medicationc 

 r value p value r value p value r value p value 

Cognitive 

processing 

speedd (per 

AQT) 

-.53 .00 -.42 .00 -.03 .82 

Cognitive 

efficiencye 

(per AQT) 

-.24 .12 -.17 .25 -.01 .95 

aALFA DMP = Assessment of Language-Related Functional Activities Solving Daily Math Problems 

subtest 
bALFA Check = Assessment of Language-Related Functional Activities Writing a Check and Balancing 

a Checkbook subtest 
cALFA Medication = Assessment of Language-Related Functional Activities Understanding Medicine 

Labels subtest 
dCognitive Processing Speed = A Quick Test of Cognitive Speed (AQT) Color + Form subtest 
eCognitive Efficiency = AQT Overhead Value (O = CF - (C +F)) 
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Table 4.5 

Spearman Correlation Values for IADL Subtests and Overall Cognitive Function 

 

IADL 

(ALFA) 

subtest 

name 

ALFA 

DMPa 

ALFA 

Checkb 

ALFA 

Medicationc 

 rs value p value rs value p value rs value p value 

MoCAd .48 .00 .29 .05 .003 .99 
aALFA DMP = Assessment of Language-Related Functional Activities Solving Daily Math Problems 

subtest 
bALFA Check = Assessment of Language-Related Functional Activities Writing a Check and Balancing 

a Checkbook subtest 
cALFA Medication = Assessment of Language-Related Functional Activities Understanding Medicine 

Labels subtest 
dMoCA = Montreal Cognitive Assessment 
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Figure 4.1 Scatterplot showing non-significant relationship between MoCA accuracy 

scores representing overall cognitive function and Neuro-QOL overall cognitive health 

QOL value. 
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CHAPTER V 

DISCUSSION 

Introduction 

The aim of this study was to investigate whether any predictive relationship 

existed between overall cognitive functioning, perceptual speed, cognitive processing 

speed, cognitive efficiency, age, gender, education level and EF (performance of 

IADLs) in individuals who report to be aging typically. Brain health is becoming an 

increasingly important topic for individuals (Bowes et al., 2012) and health care 

professionals (Alzheimer’s Association, 2013; U. S. Department of Health and Human 

Services, 2012) due to the growing number of aging individuals and the prevalence of 

dementia in individuals over the age of 70 years. Early detection of cognitive deficits 

paired with appropriate intervention could help individuals maintain independence and 

live longer in their own homes. Using the ICF framework together with the early 

detection of cognitive deficits could potentially suggest interventions that make a 

positive difference in quality of life for individuals as they age (World Health 

Organization, 2002).  

In a research study conducted by Fleck (2013), 45 individuals between the ages 

of 65 and 74 years of age with no known history of neurological impairment were 

recruited and completed screening measures for overall cognitive function. Pre-testing 

results on the MoCA revealed that 42% of the participants fell within the mild 
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cognitive impairment (MCI) range (i.e., obtained a score of 25 or less). The researcher 

questioned how the individuals who scored within this range were completing 

complex daily tasks such as managing medications, completing financial transactions, 

and maintaining appointments/schedules. Could small deficits in brain/cognitive 

function be detected during the completion of these tasks that might support a 

diagnosis of MCI? 

A variety of cognitive measures were used in this study in an effort to 

determine which measures might prove to be the best predictors of cognitive function 

for completion of instrumental daily life activities. Each of the measures selected can 

be administered quickly and allows for efficiency in scoring and interpreting the 

results. The MoCA (Nasreddine et al., 2005) was selected as the measure for overall 

cognitive function because it evaluates attention and concentration, executive function, 

memory, language, visuoconstructional skills, conceptual thinking, calculations, and 

orientation. The AQT (Wiig et al., 2002) was selected because it evaluates mental 

speed of processing, including perceptual and cognitive processing speeds as well as 

cognitive efficiency. These cognitive measures were selected in an attempt to rule out 

or identify a possible problem in body (brain) function and/or structure. 

 To compare performance on cognitive measures to performance on everyday 

life tasks, this study selected three subtests from the ALFA (Baines, Heeringa, & 

Martin, 1999).  These subtests were selected for this study because they represent 

functional instrumental activities of daily living (IADLs) which participants might be 

tasked with completing in the home environment. Additionally, the ALFA is a 
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standardized measure that had previously been normed on elderly individuals up to 80 

years of age. If individuals demonstrated difficulty performing/completing these IADL 

tasks, such problems have the potential to negatively impact activities and 

participation as they relate to the International Classification of Functioning, 

Disability, and Health (ICF) framework. 

This study also aimed to determine how individuals perceived their own 

cognitive health in relation to their performance on standardized cognitive measures. 

The cognitive health domain of the Neuro-QOL (Cella, 2012) and the MoCA were 

used to determine if a relationship existed between perceptions of cognitive health and 

overall cognitive function as measured by a standardized test. Questions on the 

cognitive health domain of the Neuro-QOL probed for perceptions of overall cognitive 

function and executive function deficits. The cognitive health domain of the Neuro-

QOL relates to factors that affect participation in everyday activities in the home 

environment.  

Predictors of Performance of IADLs 

Everyday math problems.  Participants were asked to complete 10 

everyday math problems that involved set shifting, executive attention, and the 

possible use of working memory to represent functional skills. The subtest included 

questions such as “Your bill at a restaurant is $10.00. If you wanted to leave a 15% 

tip, how much would you leave?” and “If you go to sleep at 10:30 and get up at 7:00, 

how much sleep will you get?” These daily math problems require adequate language 
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and executive function skills to complete. Participants were required to have sufficient 

language skills to determine what was being asked and sufficient executive function 

skills to plan, calculate, and solve the problem.  

To evaluate the relationship between the ability to solve everyday math 

problems and overall cognitive function, a multiple linear regression was completed. 

Results indicated that two predictors explained 37% of the variance: Cognitive 

processing speed and education level significantly predicted performance on the 

everyday math problems subtest. Solving everyday math problems requires adequate 

cognitive speed for processing information, executing a plan, and accurately 

performing calculations. If aging individuals do not adequately process information, 

then a decline in functional status might be observed. Royall et al. (2004) found that 

low performance on the EXIT25 was a significant predictor of change in functional 

status. Similarly, low performance on a test of cognitive processing speed might alter 

an individual’s ability to complete everyday math problems, which is part of daily 

functioning. Individuals who have greater cognitive control (including set shifting, 

executive attention, and working memory) would be expected to perform better when 

solving everyday math problems. 

The processing-speed theory (Salthouse, 1996) proposed that increased age in 

adulthood is associated with a decrease in mental/processing speed. The reduction in 

processing speed is believed to be the cause for impairments in cognitive functioning. 

Slight slowing in mental/processing speed could be part of the aging process. Jacobsen 

et al. (2004) found that individuals did show some increases (slowing) in color naming 
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times (.06 seconds per year or approximately 1 second every 16 years of normal 

aging); however, these small increases should not interfere with typical information 

processing. Conversely, when individuals require substantially more time to process 

information, a pathological problem may exist. Because individuals are often expected 

to quickly react to various environmental stimuli and perform multiple activities at 

once, increased processing time could become problematic and negatively impact 

overall cognitive function. Nielsen et al. (2004) found significant differences in 

cognitive processing speed (color + form combination naming times) between persons 

with AD and matched controls. Additionally, Andersson et al. (2007) found significant 

differences (p < .003) in cognitive processing speed between persons with dementia 

with Lewy bodies (DLB) and persons with Alzheimer’s disease (AD): Participants 

with DLB required more time to complete the naming tasks than participants with AD. 

These results support the idea that cognitive processing speed is a sensitive measure of 

cognitive function and that changes in processing speed not only predict potential 

problems but also can possibly be used to identify different brain pathologies.  

Cognitive processing speed predicted 26.9% of the variance; education level 

contributed an additional 10.4%. Together they both predicted 37.3% of the variance 

in ALFA solving everyday math problems scores. Individuals who obtained an 

education level of bachelor’s degree or higher performed better on daily math 

problems compared to individuals with a high school diploma/some college. This 

finding is supported by the cognitive reserve theory (Stern, 2013), which hypothesizes 

that education and occupational attainment can increase cognitive reserve and preserve 
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brain function even in the presence of AD pathology. In a previous study, Stern et al. 

(1994) found that risk of dementia was twice as high for individuals with fewer than 8 

years of formal education. This led the researchers to conclude that education level 

could be a protective factor in preserving brain function. Additionally, Malek-Ahmadi 

et al. (2015) discovered significant differences in older adults’ performance based on 

education levels: They determined that individuals with more years of education 

performed better than less educated individuals.   

Analysis revealed a moderate, significant correlation (p < .001) between the 

ALFA solving everyday word/math problems subtest and the MoCA total score. This 

result indicated that individuals who scored within normal limits on the MoCA could 

be expected to accurately complete everyday math problems. While the MoCA does 

not include math word problems, individuals are asked to complete mathematical 

calculations during the exam. A serial seven task (e.g., “Subtract 7 from 100, and keep 

subtracting 7 from your answer until I tell you to stop”) is included on all three 

versions of the MoCA. Individuals who accurately complete the serial seven task on 

the MoCA may be expected to accurately complete everyday math problems.  

A moderate, significant negative correlation (p < .01) was observed for the 

ALFA solving everyday math problems subtest score and cognitive processing speed. 

In this study, a higher value/score for the dependent variables (subtest scores for 

ALFA solving math problems) represented better performance. The cognitive 

processing speed independent variable was measured on a continuous time scale (in 

seconds). A lower cognitive processing speed value (fewer seconds) correlated with a 
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higher (better) performance for mathematical calculation. These results indicate a 

relationship between the speed at which individuals process information and their 

ability to correctly solve everyday math problems: Individuals who process 

information quickly (i.e., fewer seconds for AQT processing speed) are more likely to 

accurately solve daily math problems (i.e., obtain a higher ALFA subtest score). A 

non-significant correlation (p > .05) was observed for cognitive efficiency. Cognitive 

efficiency, also known as overhead, purports to measure a person’s ability to maintain 

cognitive control (Nielsen & Wiig, 2011), but this measure did not seem to be 

associated with the math problem solving task. Cognitive processing speed may be a 

better predictor of performance on solving verbal math problems because individuals 

who maintain cognitive control utilize set shifting, executive attention, and working 

memory to complete these complex cognitive tasks.  

Checkbook tasks.  The writing a check and balancing a checkbook task 

required participants to write a check for a water utility bill, record the check and 

amount on a check register, and complete an additional transaction (deposit) in the 

register.  Participants completed this task with little to no difficulty. Raw scores on the 

subtest ranged from 6-10, with 10 being a perfect score. A moderate, significant 

negative correlation (p < .01) was observed for the ALFA writing a check and 

balancing a checkbook subtest score and cognitive processing speed. This result 

indicates that slower processing speed results in greater errors in writing a check and 

balancing a checkbook, supporting previous research (e.g., Andersson et al., 2007; 

Jacobsen et al., 2004; Nielsen et al., 2004) which shows that substantially increased 
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(slower) cognitive processing speed may be an early indicator of EF/IADL 

performance problems.  A non-significant negative correlation (p > .05) was observed 

for cognitive efficiency, indicating that cognitive efficiency does not appear to affect 

an individual’s ability to write a check or balance a checkbook. No correlation was 

observed between the ALFA and IADL writing a check and balancing a checkbook 

subtest and the MoCA total score. This result was possibly due to the participants’ 

relatively good performance on this IADL subtest (range 6-10 points), which indicated 

that most participants performed within functional limits. 

Multiple linear regression was used to evaluate the relationship between 

writing a check and balancing a checkbook and overall cognitive function. The results 

of the regression indicated that perceptual speed (rather than cognitive processing 

speed) explained 21% of the variance in scores on the writing a check and balancing a 

checkbook subtest.  This is possibly due to a minimal cognitive load requirement 

during several steps of the tasks. Participants were able to copy information from the 

invoice onto the check and then transfer the same information to the check register. 

The tasks required minimal amounts of working memory or cognitive shifting. 

Additionally, participants were allowed to use a calculator to complete the calculation 

portion; thus, greater cognitive effort that might be expected with addition or 

subtraction problems was not observed during these tasks.  The checkbook task is a 

highly familiar task, and automaticity from past experience may have made the task 

relatively simple to complete. According to Nielsen et al. (2007), perceptual speed 

involves reaction plus response time and does not involve high demands on working 
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memory or require cognitive shifting. Completion of the checkbook tasks may have 

required adequate perceptual speed (reaction time plus response time) rather than 

cognitive processing speed. Thus, faster perceptual speed could be predictive of an 

individual’s ability to accurately complete the checkbook tasks. 

  Medications.  The understanding medicine labels task on the ALFA subtest 

required participants to read a prescription label and answer questions about the 

medication. Following the question period, participants were asked to place the pill in 

the proper medication schedule/slot for that day based on the medication label. Raw 

scores on the subtest ranged from 7-10, indicating that all participants performed the 

task with 70-100% accuracy. No correlation was observed between the ALFA 

understanding medicine labels subtest score and cognitive processing speed, cognitive 

efficiency, or overall cognitive function score. These results could possibly be 

explained by the nature of the task. Participants may have scored better due to the 

tangible manipulatives that were used during the task. They were asked to read 

medicine labels that were placed on actual pill bottles. The medicine labels were 

created on an actual CVS pharmacy label to make the task seem more authentic. 

Additionally, different types of candy were used to represent the medications, and 

participants were able to touch and sort the medication. The task did not require a high 

language load. Participants were able to refer back to the pill bottle instructions as 

often as they wished, and the medicine sorter was labeled with days of the week and 

four different times of day. Additionally, this was a very familiar task to many of the 
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participants because 38 of the 45 participants in the study took two or more 

medications daily. 

Summary.  Significant moderate correlations were found between cognitive 

processing speed and two IADL tasks (solving everyday math problems and writing a 

check + balancing a checkbook). A significant moderate correlation was also found 

between overall cognitive function as measured by the MoCA and the IADL task of 

solving everyday math problems.  Tasks that impose a greater cognitive load such as 

solving everyday math problems may be more predictive of executive functioning 

abilities that are required to complete IADLs. Tasks that require less cognitive load 

such as writing a check and understanding medicine labels might not be sensitive 

enough to identify possible problems with executive function abilities in elderly 

individuals.  

Wiig et al. (2007) suggested that minimal changes in cognitive processing 

speed for dual-dimension color + form naming times could indicate that executive 

function factors contribute to individual differences in cognitive speed rather than age. 

Two attentional networks provide a system for monitoring executive functions (Posner 

& Dehaene,1994). The posterior attention system (superior parietal cortex) and the 

anterior attention system (anterior cingulate and basal ganglia) are involved in control 

of cortical areas necessary for the completion of complex cognitive tasks. The AQT 

examines the temporal-parietal network bilaterally, including the attentional networks. 

Regional cerebral blood flow (rCBF) studies (Warkentin et al., 1999; Wiig et al., 

2002) found that the parietal lobe was activated on tasks that imposed greater 
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executive function requirements on working memory. Tasks that require greater 

monitoring and decision-making, such as solving everyday math problems, may 

provide health care professionals with a clearer picture of executive function abilities 

which can negatively or positively impact performance on IADLs. 

Perceptions of Overall Cognitive Health 

As individuals age, they frequently report concerns about memory or word 

retrieval abilities (Christensen, 2001; Fleming, 2013; Petersen, 2000). An increasing 

number of aging individuals are concerned about their cognitive health and are 

actively looking for solutions to maintain or increase it (Bowes et al., 2012). 

Understanding how individuals perceive their own cognitive health can assist 

healthcare professionals in providing the most relevant resources to maintain or 

increase activity and participation in daily activities.  

This study aimed to determine how typically aging individuals between the 

ages of 65-80 perceived their own cognitive health QOL (as measured by the Neuro-

QOL) in relation to their performance on a standardized measure of overall cognitive 

function (the MoCA). The short form of the cognitive-health domain of the Neuro-

OQL was used to measure participants’ perceived cognitive health QOL. The form 

included questions to evaluate individuals’ perception of overall cognitive function 

and EF abilities. Participants rated themselves on a scale of 1 (cannot do/happens 

several times a day) to 5 (no difficulty/never a problem). Questions on the cognitive-

health domain were related to tasks that the participant was asked to perform during 

cognitive testing. For example, “In the past 7 days my thinking was slow…” or “ How 
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much difficulty do you currently have reading and following complex instructions 

(e.g., directions for a new medication)?” 

Raw scores of the Neuro-QOL were compared to the MoCA values to 

determine if a relationship existed. A Pearson correlation was run to determine if a 

relationship existed between the two variables. Results indicated no correlation 

between perception of cognitive health and overall cognitive function. Thus, MoCA 

scores of overall cognitive function may not reflect an individual’s perception of his or 

her ability to perform. 

While some of the tasks performed in the study were represented in the 

cognitive health domain questions on the Neuro-OQL, none of the tasks on the MoCA 

matched the questions on the Neuro-QOL. While the MoCA may provide a snapshot 

of an individual’s overall cognitive status, the tasks may not be directly related to 

everyday activities, which could skew an individual’s perspective of his or her 

performance. Additionally if individuals demonstrate deficits in overall cognition, they 

may exhibit decreased awareness of current performance and abilities. In this study, 8 

participants who scored below functional limits on the MoCA rated their perception of 

cognitive health higher than might be expected (i.e., perfect/near perfect score). 

Conversely, many individuals might be cautious about overrating their abilities and 

thus rate themselves lower than their actual functional ability/performance indicates. 

For example, 5 participants who performed well on the MoCA (scored >28) in this 

study perceived themselves as having “a little/somewhat” difficulty with cognitive 

tasks. Although the Neuro-QOL was not correlated to overall cognitive function score 
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values, the questions and score values provide important information about how 

individuals perceive themselves and how life activities and/or participation might be 

impacted. As healthcare moves from a traditional medical model of treating a problem 

to the World Health Organization model of treating the individual, including 

disruptions of body (brain) function and structure, QOL heath ratings provide insight 

regarding the individual’s perceptions. These perceptions in turn impact daily activity 

and participation.  In the near future, health care professionals will be required to 

move from a clinician-directed plan of care to a person-centered plan of care. 

Understanding an individual’s perception of his or her own quality of life will assist 

the health care professional in recommending interventions that positively impact 

daily activity and participation. 

 Results from the Neuro-QOL in this study examined perceived cognitive 

health QOL for one moment in time. Health care professionals should evaluate QOL 

as it relates to life activity and participation frequently because QOL measures are 

subjective, can be influenced by psychological factors unrelated to health, and may 

change over time (Muldoon et al., 1998). In this study, the questions on the Neuro-

QOL focused on the participant’s functional status (i.e., objective level of 

functioning). Similarly to the Roberts et al. (2009) study, some participants in this 

study exhibited limited awareness of their own functional status. Some participants 

overestimated their current level of dysfunction, while other participants 

underestimated their current level of function. 
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Summary 

The World Health Organization developed the ICF to provide health care 

professionals with a broader framework for assessing the impact of cognitive/body 

function on life activities and participation. In this study, function and disability in 

everyday activities were examined. Participants’ functional abilities were evaluated 

using multiple cognitive measures that were compared to performance on IADL tasks. 

Impairments that impose activity limitations and participation restrictions represented 

disabilities in typically aging individuals. 

The ICF attempts to combine medical and social factors to provide an overall 

representation of an individual’s functional status. Medical factors include disease, 

trauma, or other health conditions such as MCI. Social factors include the context in 

which a person exists, such as living at home independently or in an assisted living 

facility. This study attempted to examine how typically aging individuals, who live 

independently, might be affected by changes in brain function.  

The results of this study indicate that some measures of cognitive function (i.e., 

MoCA, AQT color + form subtest) are correlated with performance on solving 

everyday math problems. This finding is important as it relates to the ICF model. 

Changes in body function (cognition) can negatively impact activity and participation 

(performance of IADLs). Additionally, personal factors such as education level may 

predict performance on solving everyday math problems. The ICF provides a 

framework for evaluating individuals and determining what is most important to them, 

setting priorities from their perspectives. This model challenges health care 
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professionals to evaluate performance outside the clinical setting to determine how 

disruptions in brain/cognitive function positively or negatively impact activities and 

participation. The goal for most aging individuals is independent functioning in 

IADLs. Understanding how small changes in cognitive function impact activities and 

participation will help health care professionals identify potential deficits earlier and 

recommend interventions that may preserve activity and participation in IADLs.  

Limitations 

The aim of the study was to recruit individuals with typical cognitive 

functioning. The sample size for this study (45 participants) was relatively small and 

does not represent the general population of elderly individuals between the ages of 65 

and 80. A larger sample size might provide additional information regarding 

predictors of cognitive functioning and IADL performance in elderly individuals. The 

participants in this study were mostly Caucasian individuals whose primary language 

was English.  This lack of diversity in the sample makes it difficult to generalize the 

results to an entire population. Although attempts were made to recruit individuals 

from different ethnic backgrounds, the individuals who consented to take part in the 

study were extremely similar in terms of ethnicity and language backgrounds. 

Additionally, all of the participants had obtained a minimum of a high school diploma. 

Another limitation of this study was that 38% of the participants scored within 

the MCI category, and 7% of the participants scored in the dementia range according 

to scores on the MoCA. The Mayo Clinic estimates that approximately 20% of 
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individuals over the age of 70 are affected by MCI (Petersen et al., 2010). The 

percentage of participants who scored within the MCI range in this study sample was 

18% higher than the estimated percentage reported by the Mayo Clinic. Additional 

research may be needed to determine if the MoCA is too sensitive or if it is one the 

best methods for early detection of deficits in overall cognitive function. If the MoCA 

continues to serve as a sound measure of overall cognitive function, then further 

studies are needed to investigate why the prevalence of MCI was higher for both the 

Fleck (2013) study (42%) and the current study (38%). 

 While attempts were made to update stimulus materials and select tasks that 

represent current IADLs, the measures used in this study might not have been 

sufficiently sensitive to detect subtle differences. If individuals were living 

independently, one might expect them to correctly answer at least 9 out of 10 (90% of) 

questions regarding everyday math problems, writing a check, or understanding 

medicine labels. The ALFA allows for a wide range of normal function. Standardized 

scoring on the ALFA allows an individual to score 7 correctly out of 10 questions 

(70% accuracy) and obtain a rating of high probability of independent functioning on 

the task. The small number of points earned for each task and generous scoring 

guideline might preclude this task from accurately representing subtle but important 

declines in performance on IADLs.  
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Implications for Clinical Practice 

An increasing number of health care professionals are charged with the task of 

monitoring overall brain health and providing screenings for early detection of 

cognitive impairments (Chodosh et al., 2004; Galvin & Sadowsky, 2012). The primary 

goal of intervention for persons with MCI or dementia is to maintain the highest level 

of function for as long as possible. The prevalence of individuals diagnosed with 

dementia increases yearly. An increasing number of cognitive assessments or 

screening instruments are now available to detect early declines in cognitive function 

(e.g., Nasreddine et al., 2005; Tariq, Tumosa, Chibnall, Perry III, & Morley, 2006).   

Early cognitive declines had previously gone unnoticed, and “mild” signs of cognitive 

challenges were not directly addressed. Understanding how “mild” signs of cognitive 

dysfunction impact a person’s daily activities and life participation can help health 

care professionals provide early intervention and appropriate referrals for additional 

resources. Based on the results of this study, health care professionals might consider 

adding a set of everyday math problems to current screening measures to evaluate 

IADL performance.  

In addition to assessments such as the MoCA, which is available free of 

charge, health care professionals may consider adding a measure of cognitive 

processing speed to screening routines. Research has shown that the AQT is a fast and 

reliable way for primary care providers to screen and monitor cognitive decline 

(Kvitting et al., 2013; Palmqvist et al., 2010; Takahashi et al., 2012; Wiig et al., 2007; 

Wiig et al., 2002). Declines in cognitive processing speed and efficiency could impact 
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several areas of life, such as requiring increased time to solve problems or make a 

decision. 

Understanding how individuals perceive their own cognitive health is an 

important aspect in cognitive health screening. Health related quality of life (QOL) 

encompasses more than illness and includes psychosocial factors (e.g., functional 

impairments, financial burden, diminished cognition) that affect daily life and life 

satisfaction (Muldoon et al., 1998). While a widely perceived symptom of aging is 

memory impairment, which is often used to begin the diagnostic process for MCI 

(Petersen, 2004), this perception of memory dysfunction could negatively impact an 

aging individual’s participation in functional daily activities.  

There are a variety of possible treatments that can be implemented in clinical 

practice for individuals with MCI. Huckans et al. (2013) proposed that clinicians 

provide treatments that will enhance an individual’s overall daily functioning and 

quality of life. The researchers proposed a model for selecting possible intervention 

targets including restorative cognitive training, compensatory cognitive training, 

lifestyle interventions, and psychotherapeutic interventions. Restorative cognitive 

training is used to improve or return cognitive abilities to their prior level of 

functioning. Restorative cognitive training utilizes structured and repeated practice of 

specific tasks or exercises (e.g., recalling names of common objects used during daily 

routines). Compensatory cognitive training teaches strategies or skills that can be used 

to compensate for functional cognitive deficits (e.g., using an association strategy to 

recall items on a grocery list). Lifestyle interventions include regular exercise, health 
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nutrition, and frequent participation in cognitively stimulating activities. Traditional 

psychotherapy techniques such as relaxation exercises and stress management 

strategies can also be utilized to reduce cognitive function deficits. The results of this 

research suggest that solving every math problem may serve as a cognitively 

stimulating activity and a possible lifestyle intervention that could be implemented. 

Future Research 

While the AQT does not show any effects for gender or educational level, 

performance on the MoCA and IADLs could be affected by educational level as 

observed in previous research (Baum et al., 2008; Malek-Ahmadi et al., 2015). 

Another study similar to the current study could be conducted which divides 

participants into groups based on educational levels so that the potential impact of 

educational level on the performance of older adults on the MoCA can be investigated. 

Additionally, future studies similar to the current study with more IADL tasks that 

require increased cognitive demand may provide additional insights regarding 

potential early identification of cognitive impairment. Understanding how education 

impacts performance in elderly individuals will assist in the accurate diagnosis of 

cognitive impairments in those same individuals. 

While the current study involved typically aging individuals, a high number of 

participants (45%) scored within the MCI or dementia range. Another study including 

individuals with a diagnosis of MCI or early dementia could provide added insights 

regarding deficits in cognitive health. A comparison of typical and atypical 

individuals, matched for age, education, and ethnicity, using tasks that require a high 
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cognitive load could provide important information regarding early identification of 

declines in cognitive function. 

While this study involved screening for and possibly identifying early signs of 

cognitive deficits in individuals who are aging, additional research is needed regarding 

intervention for individuals with MCI and how those interventions impact IADLs.   A 

pre- and post-test research design involving assessment of and intervention for IADLs 

could be beneficial. Providing ways to increase independence and decrease the 

financial burden of long-term care will become increasingly critical with a large aging 

population and a growing number of individuals with dementia.   

Conclusions 

The population of the United States is aging rapidly. Individuals are living 

longer, although not necessarily in good physical or cognitive health. The U.S. 

Department of Health and Human Services (2012) reports that nearly 21% of the U.S. 

population will be > 65 years of age by 2040. Cognitive functioning in the older adult 

population appears to be declining due to the prevalence of Alzheimer’s disease (AD). 

While AD is not an inevitable consequence of aging, the prevalence of AD is expected 

to triple by 2050 (Alzheimer’s Association, 2013; Fleming, 2013; Kelley & Petersen, 

2007). Overall cognitive health and independence in IADLs for the aging population 

will become increasingly important to researchers, health care professionals, and 

families. 

Rapid and reliable methods of screening/assessing cognitive health are 

important. Early detection and prevention of cognitive deficits provides opportunities 
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for maintaining independence and reducing the financial burden of long-term care 

costs. Adding a task involving solving everyday math problems and/or a test of 

cognitive processing speed to existing screening measures might provide additional 

insights regarding performance on IADLs.  

The ICF provides a model for focusing on the individual rather than the 

impairment. Identifying breakdowns in body (brain) functions and structure is only a 

small part of the equation. Understanding how those breakdowns affect activity and 

participation and which contextual factors (environmental and/or personal) help or 

hinder the disease or disorder is the challenge for health care professionals. Creating a 

specific plan of care that addresses the individual holistically could increase 

compliance with recommendations and treatment plans. 

The purpose of this study was to determine possible ways to identify when 

typically aging individuals are at risk for cognitive decline. Some possible predictors 

were identified that may provide insight regarding how individuals perform IADLs. 

Additional research is needed to determine if other factors might predict declines in 

cognitive health.  As life expectancies increase and people observe a friend or family 

member affected by MCI or dementia, there is an increasing concern with maintaining 

or improving cognitive function. The ICF provides a framework for assessment and 

intervention of cognitive impairments that will improve quality of life during the aging 

process. 
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APPENDIX D 

 

AQT Color-Form Test Plates (40 items each) 

	

Test 1 

Processing Speed for  

Color Naming 

(Single-dimension  

stimuli) 

Test 2 

Processing Speed for 

Form Naming 

(Single-dimension 

 stimuli) 

Test 3 

Processing Speed for  

Color-Form Naming 

(Dual-dimension 

stimuli) 

A Quick Test of Cognitive Speed (AQT). San Antonio, TX: Pearson/PsychCorp, 2002. 
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APPENDIX E 

  
INVOICE 

 

Springfield Apartments 

902 Milwaukee Ave. 

Lubbock, TX 79416 

806-281-9500   

[email] 

 BILLING DATE: AUGUST 15, 2014 

INVOICE # 092014 

TO Jane Johnson 

915 Milwaukee Ave. #1515 

Lubbock, TX 79416 

Customer ID 01234-56789 

 

ACCOUNT NUMBER BALANCE FORWARD SERVICE PERIOD DUE DATE 

01234-56789 $ 0.00 07/15/14-08/14/14 09/01/2014 

 

METER NUMBER CURRENT READING PREVIOUS READNING HCF USAGE 

1515 553.70 532 21.7 

 

SERVICE DESCRIPTION CHARGE TOTAL 

WA Water – single  8.30 8.30 

SW Sewer – single unit 7.19 7.19 

TR Trash 5.00 5.00 

    

    

    

    

    

    

  Subtotal 20.49 

 Make all checks payable to Springfield Apartments 
Balance 

Forward 
0.00 

 Thank you for your business! 
 

Total $ 20.49 
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APPENDIX E (CONTINUED) 

City Bank
200 North Main Street

Jones City, MI 49241

Memo
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APPENDIX F 

 

TOM AUSTIN

PEPCID 20MG TABLET

TAKE ONE TABLET BY 

MOUTH FOUR TIMES 

DAILY
Qty: 120 2 refill(s) left

Store Phone: (413) 742-6714

Rx #8333977 O
Prescriber: Dr. Long

257 North Main Street, Jones City , MI 49241

Drug Exp: 11/11/2015

JOHN GALLAGHER

COUMADIN 10MG 

TABLET

TAKE ONE TABLET BY 

MOUTH AT BEDTIME 

EACH DAY

Qty: 30 0 refill(s) left 

Store Phone: (413) 742-6714

Rx #6111855 M
Prescriber: Dr. Jacobson

257 North Main Street, Jones City , MI 49241

Drug Exp: 05/22/2015
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APPENDIX G 

Procedural Checklist 

¨ Verify participant meets inclusion criteria: 

o No known history of neurological impairment 

o Currently being treated for depression? 

o Date of birth/age (65 to 80 years old) 

o Level of education  

¨ Set up appointment for session  

¨ Call the day before to remind the participant of meeting time 

¨ Session 1: 

o Introduction 

o Obtain consent to take part in the research study 

§ Review form and get a signed copy of the consent form 

o Review demographic questionnaire 

o Complete hearing screening & discuss results 

§ ALD use, if indicated 

o Ask the participant to complete the NeuroQOL (in pencil) 

o Administer the Montreal Cognitive Assessment (MOCA)  

§ I am going to ask you to complete some brain exercises such as drawing 

objects, naming animals, and repeating sentences.   

o Break 

o Administer the A Quick Test of Cognitive Speed (AQT) 

§ The next set of exercises involves naming colors and shapes as quickly 

and accurately as possible.  

o Administer the Assessment of Language-Related Functional Activities subtests 

§ I am going to ask you to complete some every day tasks like managing 

medication and writing a check. 

o Ask participant to re-examine Neuro-QOL  

§ If changes, mark in red pencil 

o Thank the participant for taking part in the study 

o Provide a copy of hearing screening results & top 10 tips 
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APPENDIX H 

Research Assistant Form 
 

MoCA:  

1. Subtraction:  _____ _____ _____ _____ _____ 

 

2. Words that begin with B: _________________________________________________  

 

________________________________________________________________________  

 

________________________________________________________________________  

 

________________________________________________________________________  

 

________________________________________________________________________  

 

 

AQT:  

 

 Time in Seconds (Begin when 
participant says first word) 

Color  
(Last 3 items: black, black, blue) 

 

Form 
(Last 3 items: triangle, dash, circle) 

 

Color-Form 
(Last 3 items: black triangle, black dash, 

blue circle) 

 

 

ALFA: 

 

 Sunday Monday Tuesday Wednesday Thursday Friday Saturday 

Morning 
(7 am – 9 

am) 

       

Noon 
(11 am – 1 

pm) 
       

Evening 
(4 pm – 6 

pm) 
       

Bedtime 
(8 pm – 10 

pm) 
       

 

G = green (Coumadin) 

W = white (Pepcid) 

Y  = yellow (Senokot) 
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APPENDIX I 

 

Participant  

Hearing 

Screeninga 

Used 

ALDb 

ALFA 

DMPc 

ALFA  

Checkd 

ALFA 

Medicatione MoCAf 

Cognitive 

Processing 

Speedg 

Cognitive 

Efficiencyh 

Neuro-

QOLi 

1 Pass 

 

10 10 8 28 55.945 -0.175 25 

2 Pass 

 

8 8 10 25 75.04 1.59 26 

3 Pass 

 

8 7 10 25 50.285 2.895 34 

4 Pass 

 

10 10 10 22 63.33 -4.435 36 

5 Pass 

 

10 8 7 22 62.62 4.795 36 

6 Fail Yes 9 8 10 27 75.83 9.11 34 

7 Pass 

 

10 8 10 25 73.565 13.97 33 

8 Pass 

 

10 10 10 28 43.42 -3.68 40 

9 Pass 

 

10 8 10 26 41.405 -6.16 36 

10 Pass 

 

9 9 10 23 60.51 9.97 35 

11 Pass 

 

10 8 10 28 53.695 -3.73 39 

12 Pass 

 

10 7 10 25 53.32 -2.805 34 

13 Pass 

 

8 10 10 26 68.32 16.485 27 

14 Fail Yes 9 8 9 28 72.765 22.83 37 

15 Fail Yes 10 10 10 24 52.355 7.32 39 

16 HA Check 

 

8 9 10 23 67.425 0.585 32 

17 Pass 

 

10 10 10 26 51.93 -5.545 40 

18 Pass 

 

10 10 10 30 54.87 7.22 40 

19 HA Check 

 

9 6 10 25 66.17 9.89 31 

20 Fail Yes 9 10 10 27 49.245 -1.08 39 
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Participant  

Hearing 

Screeninga 

Used 

ALDb 

ALFA 

DMPc 

ALFA  

Checkd 

ALFA 

Medicatione MoCAf 

Cognitive 

Processing 

Speedg 

Cognitive 

Efficiencyh 

Neuro-

QOLi 

21 HA Check 

 

7 10 8 26 54.96 2.5 39 

22 Fail Yes 9 10 9 26 44.925 -4.605 31 

23 Pass 

 

10 10 10 27 52.445 -9.135 36 

24 Fail Yes 10 10 10 30 49.62 1.235 36 

25 Pass 

 

9 7 10 25 55.63 -0.44 36 

26 Fail Yes 9 10 10 24 57.01 1.85 38 

27 Pass 

 

8 8 10 28 63.24 9.585 25 

28 Pass 

 

10 8 10 27 59.155 4.475 36 

29 Fail Yes 8 10 10 26 38.17 -6.635 38 

30 Pass 

 

8 9 10 22 66.55 -3.43 35 

31 Pass 

 

8 10 10 29 68.58 23.28 29 

32 Pass 

 

9 10 9 24 41.955 -4.105 36 

33 Pass 

 

9 10 10 26 47.87 5.06 37 

34 Pass 

 

10 9 10 29 45.145 -1.73 39 

35 Fail Yes 9 9 10 25 59.165 -0.96 36 

36 Pass 

 

4 7 10 22 81.46 1.755 34 

37 Pass 

 

8 7 10 15 60.53 1.635 34 

38 Pass 

 

10 8 10 29 46.53 6.5 40 

39 Pass 

 

10 9 10 27 49.525 -4.08 36 

40 Pass 

 

10 10 10 27 55.1 3.31 30 

41 Pass 

 

10 10 10 30 52.105 6.87 36 

42 Fail Yes 10 9 10 27 41.495 0.015 40 

43 Pass 

 

7 9 10 19 69.31 5.57 37 
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Participant  

Hearing 

Screeninga 

Used 

ALDb 

ALFA 

DMPc 

ALFA  

Checkd 

ALFA 

Medicatione MoCAf 

Cognitive 

Processing 

Speedg 

Cognitive 

Efficiencyh 

Neuro-

QOLi 

44 Fail Yes 6 10 10 24 62.675 8.045 32 

45 Fail No 7 7 10 16 98.865 13.87 35 

 
aHearing Screening = Pass indicates an individual heard all tones presented at 25dB HL at 1000, 2000, and 4000 Hz. Fail indicates individuals did not 

hear one or more frequencies at 25dB HL. HA Check indicates that the participant’s hearing aids were checked to ensure they worked. 
bUsed ALD = Individual used an assistive listening devise, during the study, if they failed the re-screening at 45dB HL 
cALFA DMP = Assessment of Language-Related Functional Activities Solving Daily Math Problems subtest (raw score)  
dALFA Check = Assessment of Language-Related Functional Activities Writing a Check and Balancing a Checkbook subtest (raw score) 
eALFA Medication = Assessment of Language-Related Functional Activities Understanding Medicine Labels subtest (raw score) 
fMoCA = Montreal Cognitive Assessment 
gCognitive Processing Speed = A Quick Test of Cognitive Speed (AQT) Color + Form subtest 
hCognitive Efficiency = Overhead Value ( O = CF – (C + F)) from AQT subtests  
iNeuro-QOL = Neuro-QOL Short Form Cognitive-Health Domain Questionnaire (raw score) 

 


