
Between Domain Cognitive Dispersion and Functional Abilities 
in Older Adults

Robert P. Fellows and
Department of Psychology, Washington State University

Maureen Schmitter-Edgecombe
Department of Psychology, Washington State University

Abstract

Objective—Within-person variability in cognitive performance is related to neurological 

integrity, but the association with functional abilities is less clear. The primary aim of this study 

was to examine the association between cognitive dispersion, or within-person variability, and 

everyday multitasking and the way in which these variables may influence performance on a 

naturalistic assessment of functional abilities.

Method—Participants were 156 community-dwelling adults, age 50 or older. Cognitive 

dispersion was calculated by measuring within-person variability in cognitive domains, established 

through principal components analysis. Path analysis was used to determine the independent 

contribution of cognitive dispersion to functional ability, mediated by multitasking.

Results—Results of the path analysis revealed that the number of subtasks interweaved (i.e., 

multitasked) mediated the association between cognitive dispersion and task sequencing and 

accuracy. Although increased multitasking was associated with worse task performance in the path 

model, secondary analyses revealed that for individuals with low cognitive dispersion, increased 

multitasking was associated with better task performance, whereas for those with higher levels of 

dispersion multitasking was negatively correlated with task performance.

Conclusion—These results suggest that cognitive dispersion between domains may be a useful 

indicator of multitasking and daily living skills among older adults.

Keywords

intraindividual variability; within-person variability; multitasking; cognitive disorders; ecological 
validity; activities of daily living

Introduction

Neuropsychological assessments are often conducted to identify patterns of cognitive 

dysfunction consistent with a specific neurological condition. Test scores are compared to 

indices of central tendency to estimate level of cognitive impairment relative to others in the 
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same normative group. The results of these evaluations have been effectively used to 

estimate expected cognitive and functional trajectory, but there is still considerable 

heterogeneity in outcomes that is not accounted for by traditional measures of cognitive 

ability. A supplementary approach to comparing an individual’s neuropsychological test 

performance to mean scores of normative samples is to contrast levels of ability within an 

individual. Intra-individual variability has been used to describe within-person inconsistency 

in neuropsychological test performance in either a single assessment or multiple assessments 

over time.

In one method for assessing intra-individual variability, the standard deviation of all test 

scores is calculated and distilled into a single number representative of overall variability 

(Lindenberger & Baltes, 1997). Another method compares the discrepancy between 

crystallized ability, such as vocabulary, and other more fluid cognitive abilities such as speed 

and memory (Rabbitt, 1993). There is evidence that within-person variability at cross-

sectional assessment, measured with either method, is positively correlated with increased 

age (Christensen et al., 1999), which suggests that this dispersion in abilities is relevant to 

cognitive aging. Given that intra-individual variability is a broad term with multiple 

definitions, we use the term cognitive dispersion to refer to the degree of between-domain 

cognitive variability demonstrated by an examinee at cross-sectional assessment.

Although patterns of relative strengths and weaknesses commonly comprise cognitive 

profiles (Schretlen, Munro, Anthony, & Pearlson, 2003), increased variability may be 

indicative of decreased neurological integrity. Studies have shown that compared to healthy 

controls, greater cognitive inconsistency is associated with mild cognitive impairment 

(MCI), mild dementia (Hultsch, MacDonald, Hunter, Levy-Bencheton, & Strauss, 2000), 

and dementia severity (Reckess, Varvaris, Gordon, & Schretlen, 2013), as well as with 

Alzheimer’s disease and Parkinson’s disease (Burton, Strauss, Hultsch, Moll, & Hunter, 

2006). In addition, even older adults without a diagnosis of cognitive impairment 

demonstrate a higher degree of dispersion in neuropsychological test performance compared 

to younger adults (Anstey, 1999; Hultsch, MacDonald, & Dixon, 2002).

Although less clear, there is also evidence of a link between cognitive inconsistency and 

functional capacity. In one study of both community-dwelling and nursing home residing 

older adults, higher cognitive dispersion was associated with functional disability, as 

measured with the community affairs, home and hobbies, and personal care items on the 

Clinical Dementia Rating scale (Rapp, Schnaider-Beeri, Sano, Silverman, & Haroutunian, 

2005). In another study with community dwelling elderly, self-reported disability in 

activities of daily living (ADLs) was related to high levels of cognitive dispersion 

(Christensen et al., 1999). Among individuals with HIV, cognitive dispersion was shown to 

be associated with medication adherence and functional dependence (Morgan, Woods, & 

Grant 2012). However, the specific dynamics of the association between dispersion and 

functional abilities remains unknown.

Conceptually, high levels of dispersion could manifest in an inability to efficiently integrate 

cognitive processes, which could potentially lead to decreased cognitive control and 

functional inefficiency. Multitasking, or simultaneously engaging in multiple activities, is 
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ubiquitous to human behavior. Inefficient multitasking and increased cognitive dispersion 

share neuroanatomical substrates. Neuroanatomical evidence implicates an association 

between frontal lobe abnormalities and cognitive dispersion (Lovden et al., 2013; Murtha, 

Cismaru, Waechter, & Chertkow, 2002; Stuss, Murphy, Binns, & Alexander, 2003). 

Specifically, lesions to the dorsolateral prefrontal cortex (DLPFC) are associated with 

increased variability in cognitive performance (Stuss, et al., 2003). In addition, there is 

evidence that smaller DLPFC volume is related to higher cognitive dispersion (Lovden et al., 

2013). Evidence suggests that the DLPFC is also critical to multitasking efficiency among 

older adults (Burgess, Veitch, de Lacy Costello, & Shallice, 2000). Specifically, right 

DLPFC lesions are associated with planning deficits, whereas the left DLPFC is implicated 

in both planning and prospective memory (Burgess et al., 2000). Given the evidence 

suggestive of a shared neuroanatomical etiology of cognitive dispersion and cognitive 

factors associated with multitasking efficiency, research examining the role of cognitive 

dispersion in multitasking ability is warranted.

One of the greatest challenges in developing an ecologically valid protocol is maximizing 

similarities between the experimental tasks and activities that would be completed in an 

individual’s everyday life, while maintaining experimental control and measurement 

reliability. The Day Out Task (DOT; Schmitter-Edgecombe, McAlister, & Weakley, 2012) is 

a naturalistic assessment of an individual’s ability to complete multiple activities necessary 

to prepare for a day out. Participants are instructed to multitask in a way that feels natural 

and is efficient. Multitasking involves simultaneously conducting more than one activity at a 

time. Research using the DOT has found that older adults with MCI perform more poorly on 

this task than healthy older adults (Schmitter-Edgecombe et al., 2012), and that healthy older 

adults perform worse than younger adults (McAlister & Schmitter-Edgecombe, 2013). 

However, neither of these studies found significant differences between groups in the 

average number of tasks conducted simultaneously (i.e., multitasked), which suggests that 

multitasking may not necessarily be a function of age or cognitive impairment. The majority 

of prior research has examined multitasking as the ability to complete multiple tasks without 

errors or omissions (e.g., Logie et al., 2011; McGeorge et al., 2001; Shallice & Burgess, 

1991), but not simply the act of concurrently performing multiple tasks. As such, the 

cognitive correlates and role of multitasking in behavioral functioning in everyday activities 

remains unclear.

To assess multitasking behavior and functional ability we used the DOT, which requires 

participants to complete a variety of everyday activities (e.g., gather change for a bus ride) in 

a campus apartment. We hypothesized that the average number of simultaneously conducted 

tasks (i.e., multitasking) would mediate the association between cross-domain cognitive 

dispersion and performance-based functional ability.

Method

Participants

Participants were 156 community-dwelling adults between the ages of 50 and 85 years old 

(M = 66.9, SD = 8.57). Participant characteristics are presented in Table 1. Consistent with 

our aim to examine the influence of cognitive abilities on multitasking and functional skills 

Fellows and Schmitter-Edgecombe Page 3

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2016 August 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



on a continuum, both healthy older adults (n = 126) and individuals who met criteria for 

MCI (n = 30) were included in the sample. Examining healthy older adults and individuals 

with MCI together allows for better evaluation of cognitive and functional heterogeneity 

(Seligman et al., 2014). This is of particular importance when studying functional outcomes 

in the aging population because difficulties with instrumental activities of daily living have 

been found to be a better predictor of conversion to dementia than a diagnosis of MCI (Peres 

et al., 2008; Purser, Fillenbaum, Pieper, & Wallace, 2005).

Participant recruitment was primarily conducted through advertisements, health and 

wellness fairs, physician referrals, and from prior studies in our laboratory. This study was 

part of a larger study investigating the relationship between cognition and everyday 

functioning in the aging population (Schmitter-Edgecombe, Parsey & Cook, 2011). A subset 

of participants in this study also participated in one of the following studies with the DOT 

(McAlister & Schmitter-Edgecombe, 2013; Schmitter-Edgecombe et al., 2012). Participants 

were initially screened over the telephone with a medical interview to identify relevant 

medical conditions, the Clinical Dementia Rating scale (CDR) to screen for the presence of 

dementia (Hughes, Berg, Danzinger, Coben, & Martin, 1982; Morris, 1993), and the 

Telephone Interview of Cognitive Status (TICS; Brandt & Folstein, 2003) to provide an 

initial estimate of cognitive functioning. Exclusion criteria for the current study included 

evidence of dementia by diagnosis or cognitive assessment, a CDR greater than or equal to 

1, a TICS score below 26, or the presence of a medical, neurological, or psychiatric 

condition with known cognitive effects (e.g., history of head injury with permanent brain 

lesion, brain surgery, stroke, Parkinson’s disease). Participants who endorsed greater than 10 

symptoms on the short-form of the Geriatric Depression Scale (Sheikh & Yesavage, 1986), 

suggestive of significant depression, were also excluded. Participants were classified with 

MCI using established criteria (Petersen et al., 2001; Petersen & Morris, 2005). These 

criteria included self or informant report of subjective memory impairment for at least six 

months, scoring at least 1.5 standard deviations below age-matched norms or relative to 

prior testing on a measure in one or more cognitive domains (i.e., memory, language, 

executive functioning and/or speeded processing), generally preserved functional abilities as 

indicated by a CDR score (n = 24) of 0.5 (66.7%) or less (33.3%), and not meeting DSM-IV 

criteria for dementia (American Psychiatric Association, 2000). A language measure was 

evaluated in the classification of MCI participants but was not selected as a variable in the 

current study because at least three variables per domain are recommended for the proposed 

analyses. To determine diagnostic classification, two experienced neuropsychologists 

reviewed participant and informant interview data, neuropsychological results, and medical 

information when available. Participants with amnestic and nonamnestic and both single (n 

= 14) and multi-domain MCI (n = 16) were included in the sample. The Institutional Review 

Board at Washington State University approved this research protocol and all participants 

provided informed consent.

Procedures and Assessments

All participants underwent a neuropsychological assessment and a performance-based 

assessment of everyday living skills on separate days, approximately one-week apart, with 

each assessment lasting approximately three hours. The performance-based assessment was 
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conducted in a two-story apartment on the WSU campus. The first floor has a full kitchen, 

living room, and dining room with task-related items placed in specific locations (e.g., 

cabinets, closets, refrigerator) throughout the apartment. The examiners provide instructions 

from the second floor of the apartment through an intercom system and monitor the 

participant’s progress in the task through a live video stream. Participants completed other 

tasks in the apartment (e.g., sweeping, dusting, preparing oatmeal) prior to the DOT. Further 

details of the measures used in this study are provided below.

The Shipley Institute of Living Scale—vocabulary subtest was used to characterize 

estimated verbal intellectual ability. The following cognitive tests were used to characterize 

cognitive performance: the list learning subtests from the Memory Assessment Scale (MAS; 

Williams, 1991); Trail Making Test, Parts A and B (Reitan, 1992); written and oral versions 

of the Symbol Digit Modalities Test (SDMT; Smith 1991); CLOX 1 (Royall, Cordes, & 

Polk, 1998); Letter-Number Sequencing (LNS; Wechsler, 1997); a temporal order 

sequencing task (Schmitter-Edgecombe, Woo, & Greeley, 2009); and the Zoo map subtest 

from the Behavioral Assessment of the Dysexecutive Syndrome (BADS; Wilson, Alderman, 

Burgess, Emslie, & Evans, 1996). In addition, a Letter-Number Span task was developed to 

assess auditory short-term memory. With the exception of Trails B, raw scores were used in 

all of the analyses. To minimize the processing speed component of Part B, Trails B was 

regressed on Trails A and the standardized residual score was used for analysis. Descriptions 

of each test, along with the specific scores used in the data analyses, are presented in Table 

2.

Day Out Task: (DOT; Schmitter-Edgecombe et al., 2012)

The DOT comprises a set of activities that participants are instructed to complete to prepare 

for a day out. Participants are given a written list of the activities to perform in order to be 

prepared for a day out (e.g., planning a bus route to the museum, gathering the correct 

amount of change needed for the bus, taking a pill before leaving) and later traveling to a 

friend’s house for dinner. Participants were instructed to multitask and interweave the tasks 

in a way that is natural and efficient. Performance was observed through a live video feed by 

two examiners, blinded to the hypotheses of the current study, who recorded the time each 

subtask began and ended, tasks conducted simultaneously, and tasks completed. Two 

independent coders, who were also blinded to study hypotheses, later reviewed the video 

recordings and applied standardized criteria for scoring each of the eight subtasks as 

efficient, inefficient, incomplete or not attempted. These DOT subtask scores were averaged 

to create an overall DOT accuracy score. A task sequencing score, which represented the 

total number of a possible six activities that were correctly sequenced (e.g., determined cost 

for bus prior to retrieving change), was also derived using standardized criteria (see 

Appendix A for DOT scoring criteria). The DOT accuracy score and sequencing scores were 

used as the outcome measures in the path analysis.

The DOT has shown to effectively differentiate younger adults from older adults (McAlister 

& Schmitter-Edgecombe, 2013), as well as cognitively intact older adults from older adults 

with MCI (Schmitter-Edgecombe et al., 2012). In addition, the DOT scores have been shown 
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to be related to specific cognitive abilities (e.g., memory) and knowledgeable informant 

reports of instrumental activities of daily living (Schmitter-Edgecombe et al., 2012).

Multitasking—The time at which each of the eight subtasks was initiated and stopped was 

recorded in order to quantify the number of other subtasks that overlapped within the same 

timeframe. For each specific subtask, the number of other subtasks that were started or 

ongoing during performance of the specific subtask was recorded. This number was then 

averaged across the eight subtasks to form the multitasking variable.

Statistical Analyses

A principal components analysis (PCA) with a varimax rotation was used to derive 

composite cognitive scores from the 12 neuropsychological measures. This technique was 

utilized to reduce the number of variables used in further analyses and to establish more 

stable estimates of cognitive ability. Several measures were considered for inclusion in the 

PCA, with the intention of creating four domains, each with at least three items, which is 

recommended for a stable factor. Items with component loadings greater than or equal to .4 

were retained. Components with an eigenvalue greater than or equal to 1 were extracted 

(Kaiser, 1960). Calculating within-person standard deviation between cognitive domains 

created the dispersion variable. A composite neuropsychological score (NP global), 

representing an overall level of cognitive ability, was calculated by summing the four 

components extracted in the PCA. Correlation analyses were conducted to examine the 

association between cognitive domains and DOT performance. Path analysis was used to 

simultaneously test the indirect effect of dispersion on DOT variables, mediated by 

multitasking while accounting for the influence of NP global score. Bias-corrected 

bootstrapping (2,000 samples) with a 90% confidence interval was used to determine 

indirect effect of dispersion on DOT accuracy and sequencing, mediated by multitasking. 

Model fit was evaluated using multiple indices recommended by Hu and Bentler (1999) 

including (1) the comparative fit index (CFI), (2) the root mean square error of 

approximation (RMSEA), (3) the normed fit index (NFI), and (4) chi-squared test for lack of 

fit. The sample size for the current study (N = 156) is within the acceptable range for the 

recommended minimum sample size of 100 to 150, or 5 cases per parameter to be estimated, 

for structural models (Bentler & Chou, 1987; Ding, Velicer, & Harlow, 1995). In order to 

identify the most parsimonious model, coefficients were allowed to be freely estimated and 

then nonsignificant paths were constrained to zero.

Results

The results from the principal components analysis and mean cognitive test scores are 

presented in Table 3. The Kaiser-Meyer-Olkin measure of sampling adequacy was .75 

(greater than .5 is recommended; Kaiser, 1974), which indicates that the sample size is 

adequate for PCA. Bartlett’s test of sphericity was significant, χ2 (66) = 785.04, p < .001, 

which indicates that between item correlations are sufficient for PCA. The Varimax rotation 

produced a four-factor solution, which accounted for 67.5% of the total variance. The four 

components extracted were considered to represent the following cognitive domains: 

Memory (MAS list acquisition, short recall, delayed recall), Processing Speed (TMT A, 
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SDMT written, SDMT oral), Executive Functions (TMT B residual, Clox 1, BADS zoo 

map), and Working Memory (L-N Span, L-N Sequencing, Temporal Order memory).

The correlation matrix for the dispersion variable and the cognitive and DOT variables is 

presented in Table 4. Dispersion (M = .887, SD = .457, range = 0.22 – 2.74) was 

significantly associated with the DOT multitasking (M = 3.69, SD = 1.07, range = 1.50 – 

6.50), accuracy (M = 2.71, SD = .82, range = 1 – 5) and sequencing (M = 3.85, SD = 1.00, 

range = 1 – 6) variables. The NP Global score also correlated with all DOT measures. The 

dispersion variable was significantly correlated with the memory and processing speed 

components, but not with working memory or executive functions components extracted 

from the PCA. Multitasking correlated with the dispersion variable but not with any of the 

other cognitive domains.

The final model was specified to estimate the direct effect of dispersion on multitasking and 

the indirect effect of dispersion on DOT sequencing and accuracy, mediated by multitasking. 

The direct effect of the NP global score on DOT accuracy and sequencing was included in 

the model to identify the contribution of dispersion that is independent of traditional 

cognitive variables. This method was utilized because the primary aim of this study was to 

examine the role of dispersion and multitasking on functional performance, while 

accounting for the potential influence of global level of cognitive impairment. The results of 

the path model are presented in Figure 1. The fit indices indicate an adequate fit for the data, 

χ2(4, N = 156) = 5.568, p = .234, RMSEA = .050, CFI = .975, NFI = .924.

Dispersion was inversely correlated with NP global score, such that better cognitive 

performance was related to lower between domain variability. Dispersion between cognitive 

domains had a significant direct effect on multitasking, such that higher dispersion was 

related to more tasks being interweaved (i.e., multitasked). Dispersion had a significant 

indirect effect, through multitasking, on DOT accuracy, standardized coefficient = .063, SE 

= .032 (90% CI .020, .132), p = .002, and sequencing, standardized coefficient = −.071, SE 

= .029 (90% CI −.132, −.032), p = .001. This indicates that multitasking fully mediated the 

association between dispersion and the DOT variables. Specifically, more multitasking was 

associated with poorer task sequencing and lower task accuracy.

Follow-up analyses were conducted to further examine the dynamic association between 

dispersion, multitasking, and DOT performance. To determine whether the association 

between more multitasking and poorer DOT performance was a function of dispersion level, 

the dispersion variable was standardized (i.e., sample z-scores) and used to divide the 

sample into three groups based on standardized dispersion values less than one standard 

deviation (low dispersion; n = 15; 13 non-MCI, 2 MCI), within one standard deviation (mid 

dispersion; n = 115; 98 non-MCI, 17 MCI), and above one standard deviation (high 

dispersion; n = 26; 15 non-MCI, 11 MCI). Regression slopes are presented in Figure 2. As 

shown in Figure 2, for the low dispersion group, more multitasking is related to better DOT 

accuracy. Whereas, for the mid and high dispersion groups more multitasking is related to 

progressively worse overall DOT accuracy. It is important to note that a lower DOT accuracy 

score indicates more efficient subtask completion and a higher DOT sequencing score 

indicates better performance.
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Secondary analyses were conducted excluding MCI participants to determine the extent to 

which the MCI group influenced the results. The principal components analysis with only 

non-MCI participant data yielded the same four-component structure, with loadings greater 

than .600 on the respective domains, with no cross-loadings greater than .4. The fit indices 

for the path model excluding MCI participants provided a slightly lower fit for the data, 

χ2(4, N = 126) = 5.510, p = .239, RMSEA = .055, CFI = .950, NFI = .864. All path 

estimates remained significant, with the exception of the direct effect of the NP Global score 

on DOT accuracy (standardized estimate = −.152, p = .083). Of note, and central to the 

hypothesis of the current study, the path estimate from dispersion to multitasking in this 

analysis was nearly identical to the model that included MCI participants (standardized 

estimate = .282, p = .001). All of the indirect effects, mediated by multitasking, remained 

significant. These results suggest that the inclusion of MCI participants did not substantially 

bias the results from the primary analyses.

Discussion

The primary goal of this investigation was to examine the behavioral manifestation of 

between domain cognitive dispersion. Although performance on functional tasks has 

provided important information regarding real-world functional abilities of older adults, the 

cognitive mechanisms of functional impairment are not well understood. In this study, we 

examined cognitive dispersion as a potential mechanism of poorer functional abilities among 

community-dwelling older adults using the DOT. The results indicate that cognitive 

dispersion may result in increased multitasking, which mediates functional task 

performance. Specifically, higher cognitive dispersion was associated with more 

simultaneous tasks, which predicted poorer task sequencing and accuracy. The results of the 

secondary analyses indicated that excluding the participants with MCI did not substantially 

change the association between dispersion and multitasking, or the mediated indirect effects.

The ability to simultaneously complete multiple tasks requires efficient integration of 

cognitive processes necessary for each task individually, as well as ongoing cognitive control 

to follow an efficient sequence. Several studies have examined multitasking by examining 

accuracy of completion of each of the multiple tasks (e.g., Logie et al., 2011; McGeorge et 

al., 2001; Shallice & Burgess, 1991). In the current study, we extend previous research by 

utilizing a relatively unbiased measure of multitasking (i.e., number of subtasks being 

performed simultaneously) that was not part of the scoring criteria for the DOT. Overall, 

more multitasking was associated with poorer task sequencing and accuracy. However, 

further analyses revealed that individuals with low levels of dispersion performed better on 

the DOT if they multitasked more, whereas more multitasking among individuals with 

higher levels of dispersion was related to incrementally worse DOT performance.

Low dispersion may reflect more efficient integration of cognitive processes, allowing for 

more efficient completion of complex everyday activities. It may also be the case that 

individuals with lower levels of dispersion are better able to manage the cognitive load 

imposed by simultaneously performing multiple tasks. Conversely, for individuals with 

higher levels of dispersion more multitasking was associated with poorer DOT performance. 

It remains unclear as to whether dispersion manifests in simultaneously initiating but not 
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completing and/or inaccurately or inefficiently completing multiple activities or whether an 

individual’s ability to monitor and track their activities has declined in such a way that the 

individual can no longer simultaneously manage multiple subtasks. These findings suggest 

that for individuals with low dispersion multitasking is associated with increased behavioral 

efficiency, whereas multitasking may be a manifestation of increased cognitive variability 

and/or lead to inefficient functional performance among individuals with higher levels of 

dispersion.

Although this study provides some insight into the mechanisms of functional inefficiency 

among older adults when completing an open-ended, complex, multi-component task, 

important limitations must be addressed. Notably, this sample was predominantly of 

Caucasian descent, well educated, with a relatively high level of literacy. This demographic 

homogeneity limits the ability to generalize to other populations. More research will be 

needed to determine whether these results remain consistent among more ethnically and 

educationally diverse populations, or whether these results will replicate with other 

neurologic populations. Also, although the results revealed a statistically significant indirect 

effect of dispersion on DOT variables, mediated by multitasking, the effect only accounted 

for a relatively small amount of the variance, which suggests that there are other important 

factors that contribute to functional ability. In addition, although the DOT was developed to 

provide a more ecologically valid method of assessing everyday living skills certain 

limitations must be addressed. In the DOT the participant is provided with a written list of 

the tasks to be completed, which does not necessarily replicate everyday situations, unless 

the individual typically makes “to do” lists. Participants were also instructed to multitask in 

a way that feels natural and is efficient; however, this may not be the way in which the 

participant typically completes multiple tasks in their everyday life. Furthermore, the tasks 

were completed in a testing environment to maximize standardization; it is unclear whether 

the findings would be similar if the task was performed in the familiar setting of the 

participants own home.

The neuropsychological tests evaluated in this work were limited by the battery of tests used 

in this study and are not without limitations. The neuropsychological tests used are validated 

measures of cognitive abilities, but the extent to which these tests can be used to predict 

performance in everyday tasks has not been well established. In addition, the executive 

functioning, working memory, and processing speed components comprised different 

measures, but the memory domain utilized three scores from a single measure (i.e., MAS list 

acquisition, short delay, and long delay). As such, the component loadings for the memory 

domain were higher than those in the other domains. However, the component loadings for 

the derived cognitive domains were all within an acceptable range and indicative of 

discriminable constructs. An examination of the cognitive component scores revealed that 

the memory and speed domains showed the strongest correlation with the dispersion 

variable, which suggests that declines in these domains may be important contributors to 

increased cognitive variability in advancing age and in MCI. Using dispersion between 

domains, rather than between individual tests, allows for an increased understanding of the 

dynamics of the way in which different cognitive abilities interact to influence behavior. 

However, more research is needed to identify whether these findings will replicate using a 

different set of neuropsychological tests.
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In summary, the results of this study suggest that overall cognitive ability may influence 

functional efficiency in a naturalistic setting, whereas cognitive inefficiency, as measured by 

dispersion, may influence multitasking. In the path model, higher dispersion was related to 

more multitasking, which was associated with poorer DOT performance. However, the 

mediatory effect of multitasking on DOT performance was contingent on the level of 

dispersion. Overall, the results suggest that while multitasking may improve functional 

efficiency in individuals with lower levels of dispersion, older adults with higher levels of 

dispersion may benefit from multitasking less. As such, within-person cross-domain 

dispersion may be a useful index of behavioral efficiency. If the results of a 

neuropsychological assessment reveal a high level of dispersion, it might be useful to 

instruct the patient to avoid multitasking, and instead, focus on completing one task at a 

time. Taken together, these findings may help inform clinician directives when making 

recommendations for older adults based on cognitive testing results.
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Appendix A

Scoring Criteria for the Day Out Task

Subtask Completion Scores
Each of the 8 subtasks is assigned one of the following scores.

1 = Complete/Efficient. Assigned when subtask completed accurately and efficiently.

2 = Complete/Inefficient. Assigned when subtask completed in a way that the overall DOT goal can be met but 
subtask completion is inefficient (e.g., pretends to take pill too early, carries items to front door in hand rather than 
picnic basket, gathers more items than needed for recipe, searches multiple locations for items).

3 = Incomplete/Inaccurate. Assigned when subtask is left incomplete (e.g., fails to pack gathered item in picnic 
basket, fails to pretend to take pill, fails to remove heating pad from microwave) or is completed inaccurately 
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(e.g., fails to retrieve enough change for bus, pretends to take wrong pill, grabs reading material other than 
magazine for bus ride).

4 = Never Attempted. Assigned when subtask failed to be initiated.

Total Accuracy Score
Summation of the subtask completion scores (see above0 for each of the 8 subtasks (range = 8 – 32).

Task Sequencing Score
Total number of the six activities below correctly sequenced (range = 0 – 6).

1 Heating pad started as one of first four activities.

2 Picnic basket retrieved as one of first four activities.

3 Cost of bus route determined prior to first attempt at retrieving change.

4 Recipe read prior to retrieving food items.

5 Dramamine pill taken near end. (Dramamine pill is taken too early if another subtask is initiated after the 
Dramamine pill is taken other than the exit subtask, or another subtask is completed after the Dramamine 
pill subtask other than the picnic basket subtask, heating pad subtask, or exit subtask.)

6 Picnic basket moved to front door as one of last two activities.
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Figure 1. 
Path model of direct and indirect effects of cognitive variables on DOT variables. Note: To 

simplify model presentation, error terms are not shown. Higher sequencing and lower 

accuracy scores indicate better performance.
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Figure 2. 
Regression slopes of Day Out Task accuracy as a function of dispersion level and 

multitasking. Note: A lower DOT accuracy score indicates more efficient task completion.
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Table 1

Participant Characteristics (N = 156)

Mean (SD) Range

Age 66.9 (8.57) 50 – 85

Education 16.06 (2.87) 10 – 20

Sex (% female) 76.3%

Shipley 34.91 (3.43) 25 – 40

TICS (n = 152) 34.75 (2.54) 26 – 41

GDS (n = 149) 1.8 (2.05) 0 – 10

MCI (n = 30) 19.2%

Note. TICS = Telephone interview of cognitive status; GDS = Geriatric Depression Scale; MCI = mild cognitive impairment
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Table 2

Detailed Description of Neuropsychological Tests

Test Description

Memory Assessment Scale: 
List Learning

Participants are read a list of 12 words from four semantic categories. The list is read a maximum of six times 
or until the participant recalls all 12 words. Participants are then asked to recall the list after a short and long 
delay. The total number of words recalled is the raw score for each MAS list learning measure (i.e., list 
acquisition, short delay, long delay).

Trail Making Test In Part A of the Trail Making Test, participants are instructed to sequentially connect 26 encircled numbers in 
ascending order (i.e., 1—2—3…). In Part B, the participant connects 26 circles alternating between numbers 
and letters (i.e., 1—A—2—B…). Time to complete each part was recorded.

Symbol Digit Modalities Test Participants are instructed to match a series of symbols to the corresponding number in the key at the top of 
the page. Both written and oral versions were used. The number of accurate responses in 90 seconds was 
recorded.

CLOX 1 Participants are given a piece of paper with a circle on it and instructed to draw a clock with the clock hands 
set to a specified time. The total correct score from Clox I was used.

Letter-Number Sequencing Participants are instructed to sequentially order a set of orally presented letters and numbers, which increase 
in length across blocks. The task is discontinued if the participant provides the incorrect response for all three 
trials in a block. The number of correct trials is the total score.

Letter-Number Span Participants are read a series of letters and numbers and instructed to repeat the numbers and letters in the 
order given. The task is discontinued after three consecutive incorrect answers in a block of trials. The total 
score represents the number of correct trials.

Temporal Order After completing a series of eight neuropsychological tests, participant are asked to recall the tasks and then 
are provided with eight cards, each with a description of one of the tasks that they had completed. Participants 
are told to arrange the cards in the order they completed the tasks. The total number of correctly ordered cards 
was used as a measure of temporal order sequencing.

BADS Zoo Map Participants are presented with a map of a zoo and instructed to draw a route connecting key locations without 
violating any of the rules provided. The profile score (range 0 – 4) represents the sequence locations, errors, 
and time to complete the task.
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