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With an estimated 5.4 million Americans living with Alzheimer’s disease facing 

individual, social, and financial burdens, researchers must make cognitive assessment inquiries a 

priority (Alzheimer’s Association, 2016). Cognition encompasses multiple aspects of thought 

processes, such as multiple types of memory, planning, inhibitory control, attention, and 

processing speed. The higher level cognitive processes, collectively known as executive function 

(EF) abilities, are widely recognized as the components of cognition most likely to show age-

related declines (Jurado & Rosselli, 2007).  

This thesis study features a new way of measuring EF in community dwelling older 

adults through the adaptation of a well-known measure of EF in children, the Head-Toes-Knees-

Shoulders task (HTKS; McClelland & Cameron, 2012). The HTKS is a game-like task 

administered between participant and examiner designed to measure EF abilities of working 

memory, cognitive flexibility, and inhibitory control by assessing participant’s responses to a 

maximum of four paired behavioral rules: “touch your head” and “touch your toes;” “touch your 

shoulders” and “touch your knees.” 

Under life span developmental theory’s selection, optimization, and compensation model, 

(SOC; Baltes, 1997), the underlying goals of this thesis were to 1) determine the reliability and 



 

validity of the HTKS when administered in an older adult sample, and investigate the 2) 

personality characteristics and 3) strategy processes related to better performance on the task. 

First, we hypothesized good internal consistency, good convergent validity as compared to the 

NIH Toolbox: Cognition Battery (Gershon et al., 2013), and good discriminant validity as 

compared to the Positive and Negative Affect Schedule (Watson, Clark, & Tellegen, 1988). 

Second, we hypothesized higher levels of neuroticism would be related to poorer HTKS 

performance, and higher levels of openness and agreeableness would be related to better HTKS 

performance. Third, we hypothesized older adults would use some form of strategy when 

completing the HTKS, and higher levels of SOC-related strategies as measured by an open-

ended strategy question and the SOC questionnaire (Baltes, Baltes, Freund, & Lang, 1995) 

would be related to better performance on the HTKS. 

A sample of 150 community dwelling older adults (M = 68.55 years of age, SD = 6.34 

years of age, 72% Female) was recruited to participate in a scheduled hour of cognitive testing. 

Among these participants, the HTKS total score had an unexpected ceiling effect, possibly due to 

the relatively healthy and highly educated characteristics of the sample. Due to the ceiling effect 

and little variation in HTKS total score, we utilized an additional variable named HTKS 

completion time that allowed for the study of an additional element of cognition, speed of 

processing. Completion time allowed for a measure of HTKS performance with more variability 

and provided a way to measure speed of processing via timed completion of the task. 

Good internal consistency for the HTKS was demonstrated by Cronbach’s alpha of the 

overall HTKS task (α = .84) and its inter-item α range (.82 – .84). Bivariate correlations between 

the HTKS variables (total score and completion time) and individual scores on the NIH Toolbox: 

Cognition Battery were used to assess convergent validity. Correlations between the HTKS and 



 

NIHTB measures were strongest for completion time (not total score) as the measure of HTKS 

performance. EF processing as measured by HTKS completion time was associated with better 

processing speed (r = -0.30), attention (r = -0.21), and inhibitory control (r = -0.20), but not 

working memory. When using HTKS total score, better EF functioning as measured by HTKS 

total score was associated with better processing speed (r = 0.24) and attention (r = 0.17), but not 

inhibitory control or working memory.  

Both HTKS completion time and total score were unrelated to positive and negative 

affect (all ps > .05). The consistency of this pattern of no-association between HTKS variables 

and affect is in support of our hypothesis and demonstrates good discriminant validity. 

Partial support for the personality hypothesis was found. After adjusting for demographic 

variables, emotional stability and conscientiousness related to better HTKS performance as 

measured by HTKS completion time, and higher levels of agreeableness were associated with 

lower HTKS total scores.  

As hypothesized, 84% of the sample reported using some kind of strategy while 

completing the HTKS (36% employed SOC-related strategies). After adjusting for 

demographics, there were no significant relationships between SOC use and HTKS. Contrary to 

the hypothesis, HTKS performance was not related to any subscale on the SOC questionnaire. 

This thesis study provides evidence for the HTKS as a reliable and valid measure of EF 

in a community dwelling older adult sample. We argue these findings pave the way for future 

studies to examine the HTKS as a potential new and effective MCI and dementia screening 

instrument. The HTKS is a brief, low-cost, easy to administer instrument that incorporates 

motoric engagement in ways that existing cognitive screening tools do not.  
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Adapting the Head-Toes-Knees-Shoulders Task to Older Adults: The Psychometric Evaluation 
and Theoretical Exploration of a Measure of Executive Function  

 
 1. Introduction 

With an estimated 5.4 million Americans living with Alzheimer’s disease facing 

individual, social, and financial burdens, researchers must make cognitive assessment inquiries a 

priority (Alzheimer’s Association, 2016). Cognition is an umbrella term that encompasses 

multiple aspects of thought processes, such as multiple types of memory, planning, inhibitory 

control, attention, and processing speed. With age, cognitive decline is typical, though the rate of 

change and the areas of cognition that show change varies widely among individuals (e.g., 

Schaie, Willis, & Caskie, 2004). The higher level cognitive processes, collectively known as 

executive function (EF) abilities, are widely recognized as the components of cognition most 

likely to show these age-related declines (Jurado & Rosselli, 2007). These processes are 

associated with prefrontal cortex (PFC) neural systems and are necessary for the management of 

instrumental functions such as actions, thoughts, and emotions. This thesis features a new way of 

measuring EF in community dwelling older adults through the adaptation of a well-known 

measure of EF in children, the Head-Toes-Knees-Shoulders task (HTKS; McClelland & 

Cameron, 2012). In short, the HTKS is a game-like task administered between participant and 

examiner designed to measure EF abilities of working memory, cognitive flexibility, and 

inhibitory control by assessing participant’s responses to a maximum of four paired behavioral 

rules: “touch your head” and “touch your toes;” “touch your shoulders” and “touch your knees.” 

This project aims to investigate a measure of EF to see whether it is a reliable and valid measure 

among a sample of older adults.  

1.1 Rationale 
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EF is usually assessed by specific tasks that only measure a specific factor of EF, making 

it very difficult to generalize to real world scenarios, thoughts, and behaviors (Müller & Kerns, 

2015). Further, EF continues to be ill-defined, task focused, and measurement of it often lacks 

ecological validity making it difficult to be considered a strong theoretical construct. There is 

inconsistency among researchers aiming to identify the organization of EF. For example, 

accounts from Miyake et al. (2000), Hedden and Yoon (2006), and Hull, Martin, Beier, and Lane 

(2008) differ in their reports on the unique dimensions of EF based on age and tasks 

administered. This study will identify which dimensions of EF are most strongly correlated with 

the HTKS and compare these findings with the EF factor structures from these existing accounts.   

EF’s place in developmental theory will be explored by analyzing results under the life 

span developmental approach (Baltes, 1997). Specifically, any developmental regulation strategy 

participants employ during test administration will be analyzed under the life span 

developmental theory’s selection, optimization, and compensation model (SOC; Baltes, 1997). 

This model features adaptive development across the life span and defines optimal development 

as a means of maximizing gains and minimizing losses on individual, collective, and cultural 

levels (Baltes et al., 2006). Three developmental regulation processes make this optimal 

development possible: selection (S), optimization (O), and compensation (C). For example, an 

older adult may engage in certain strategies to compensate for lower ability in attending to 

stimuli, updating information, or inhibiting unrelated material. This can result in correct 

responses on EF tasks at the expense of processing speed, a phenomenon well known in the 

aging literature as the speed-accuracy trade-off (e.g., Rabbitt, 1979; for reviews of the history of 

the speed-accuracy trade-off, see Wickelgren, 1977, and Heitz, 2014). Span, Ridderinkhof, and 

van der Molen (2004) argue there may be a greater emphasis placed on speed than accuracy in 
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children, while there may be a greater emphasis placed on accuracy than speed in older adults. 

Investigating compensatory strategies may provide support for the speed-accuracy trade-off seen 

in older adults if participants explain their strategies were used to accurately complete the HTKS, 

without concern for response time. 

Investigating individual differences in use of SOC-related strategies will also depict 

participant characteristics that are associated with better EF performance. Characteristics such as 

personality traits are also investigated in this thesis. Past research has identified the importance 

of including personality factors in the study of cognitive ability. In a concurrent and longitudinal 

investigation of the Seattle Longitudinal Study, Schaie et al. (2004) established a substantive 

relationship between personality and cognitive abilities. Other research reports higher levels of 

neuroticism to be related to poorer EF performance and higher levels of openness and 

agreeableness to be related to better EF performance (Williams, Suchy, & Kraybill, 2010). 

Recognizing individual differences in personality characteristics can aid in understanding how 

one can optimize EF ability amidst age-related declines.  

Maximizing gains and minimizing losses by means of cognitive interventions has also 

garnered extensive research attention of late. Ways to preserve or even improve brain health 

have been studied through various training, engagement, and physical activity models. 

Engagement interventions (e.g., Carlson et al., 2009) and exercise interventions (e.g., Guiney & 

Machado, 2013) have more consistent reports of benefit to cognitive function than the limited 

and inconsistent evidence for transfer effects from brain-training programs (For a review of 

training-based cognitive interventions, see Simons et al., 2016). The motorically engaging and 

game-like nature of the HTKS may identify new ways of constructing cognitive interventions in 

future studies. The HTKS has already been used to measure EF in cognitive interventions for 
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children (Schmitt, McClelland, Tominey, & Acock, 2015). This study will determine if a sample 

of community dwelling older adults enjoy partaking in the HTKS and if they express interest in 

partaking in other studies utilizing the task. This may be of value in determining the feasibility of 

involving the task in future training, engagement, or exercise-based cognitive interventions.  

1.2 Value for Aging Populations 

 Through adapting the HTKS to older adults, this thesis may provide evidence that could 

lay the groundwork for future cognitive interventions featuring the HTKS in aging populations. I 

will determine psychometric properties of the task, including internal consistency, and analyses 

that suggests aspects of convergent validity (compared to a gold standard battery of cognitive 

tests) and discriminant validity (compared to a measure of affect). If evidence of construct 

validity is shown in this study, future studies can determine its predictive validity by seeing if it 

predicts cognitive functioning at a later time point. Applying the SOC model and life span 

developmental framework also brings a tangible example of different types of selection, 

optimization, and compensation to the field and may provide additional theoretical understanding 

of EF in older adults.   

1.3 Summary and Description of Schematic Diagram (Figure 1) 

Figure 1 provides a visual representation of the conceptualization of this study and ways 

in which measures will be used. Under a life span developmental framework, this thesis 

recognizes the bidirectional influences of personality and EF. Personality traits and 

goals/strategies help shape the make-up of a person and contribute to EF ability. We 

operationalize EF as HTKS performance (total score and completion time). The primary research 

questions involving the psychometric evaluation of the HTKS include comparing scores with a 

“gold standard” of cognitive tests (NIH Toolbox: Cognition Battery; NIHTB-CB) to determine 
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convergent validity and a measure of affect (Positive and Negative Affect Schedule; PANAS) to 

determine discriminant validity. Cronbach and Meehl (1955) called for investigation of construct 

validity when the primary importance of the test is not of the test score or test behavior, but by 

the underlying trait or quality the test aims to measure. Since our primary research question 

involves identifying which dimensions of EF are most strongly correlated with the HTKS, 

construct validity is important to this study. Construct validity can be defined through content 

validity, inter-item correlations, inter-test correlations (convergent and divergent validity), 

criterion correlations, and longitudinal stability over scores (Cronbach & Meehl, 1955). We will 

define the inter-test correlations between the HTKS and NIHTB-CB as the aspects associated 

with convergent validity and the inter-test correlations between the HTKS and PANAS as the 

aspects associated with divergent validity for this study.  

The theoretical exploration of this study involves analyses from an open-ended interview 

question, SOC Questionnaire, and the Ten-Item Personality Inventory (TIPI). Findings related to 

the strategy and personality traits questions will provide valuable information regarding the 

underlying characteristics and SOC-related strategies that may partially explain how older adults 

perform on the HTKS. This thesis study examines the SOC model through identifying ways 

older adults compensate when completing EF tasks.  
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Figure 1. Schematic Diagram of Study Constructs  
 
 
 
 
 

 
 

 
 

 
 

 
 
 
 
 
 
 
Note. TIPI=Ten Item Personality Inventory. HTKS=Head-Toes-Knees-Shoulders Task. SOC 
Questionnaire=Selective, Optimization, and Compensation Questionnaire – Short Form. NIHTB-
CB=NIH Toolbox: Cognition Battery. PANAS=Positive and Negative Affect Schedule.  
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2.  Literature Review 

2.1 Theoretical Perspective 

This thesis is grounded in life span developmental theory (Baltes, 1997). Life span theory 

covers ontogeny, or biologically and culturally influenced development, from conception to old 

age, with the hallmark assumption that development does not end or complete in young 

adulthood (Baltes, 1997). Since this thesis features an adaptation of a measure typically 

administered to children for use with older adults, a theoretical perspective that recognizes 

development in all ages is most appropriate. The underlying goal of the life span developmental 

approach is to optimize development by means of maximizing gains and minimizing losses on 

individual and cultural levels (Baltes et al., 2006). Plasticity, or the ability to adapt to changes in 

environment and react differently to stimuli throughout development (Overton & Müller, 2013), 

and culture are driving forces of development under this framework and are especially crucial in 

older adult populations.  

Life span theory is a direct application of the meta-theory known as the relational 

developmental systems perspective (Overton & Müller, 2013). This meta-theory defines 

development as relatively permanent, systematic or organized, successive changes within the 

person that can occur at any point across the life span (Overton & Müller, 2013; Lerner, 

Theokas, & Bobek, 2005). We embrace this definition of development throughout this thesis. 

Analytical approaches of life span theory can be ordered into five levels of analysis, from general 

to specific. We will identify each level, and discuss the most essential components for this thesis 

below.  

Level 1 is the broadest level of analysis and posits developmental influences continue to 

evolve and modify each other across the life span based on three principles. First, benefits from 
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evolutionary selection decrease as the individual gets older. Second, since plasticity and other 

evolutionary strengths are decreasing, there is a greater need for cultural influences to increase to 

compensate and maintain efficacy throughout the life span. Third, there is an age related 

decrease in cultural efficiency, meaning the effectiveness in psychological, social, or cultural 

interventions becomes smaller as one grows older (Baltes et al., 2006). 

Level 2 includes the growth, maintenance, and regulation of losses as the allocation of 

resources changes across the life span. In childhood and adolescence, resources are allocated to 

growth behaviors that aim towards higher levels of functioning. In adulthood, resources are 

allocated towards maintaining one’s developmental functioning, goals, and outcomes. In older 

adulthood, more resources are allocated toward the regulation of loss so that independence and 

productivity can still be achieved with age based declines present (Baltes et al., 2006).  

Level 3 pertains to empirically testable metatheoretical propositions that focus on age 

related gains and losses and plasticity. Specifically, development can be viewed as selection and 

selective adaptation or optimization (Baltes et al., 2006). Development can be viewed as a gain-

loss dynamic, with empirical findings suggesting different developmental trajectories for specific 

developmental components. For example, while declines in fluid intelligence can begin as early 

as young adulthood, crystallized intelligence either stays stable or increases with age (Baltes et 

al., 2006). 

Level 4 contains specific models that can be applied from the metatheoretical 

propositions from Level 3. The most applicable model for this thesis is called selection, 

optimization, and compensation (SOC; Baltes & Baltes, 1990). This model features adaptive 

development across the life span through the use of three developmental regulation processes: 

selection (S), optimization (O), and compensation (C). Selection involves goals or outcomes that 
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can be self-initiated as desirable, known as elective selection (ES), and as a result of gains or 

losses of functioning, known as loss-based selection (LBS). Older adults may use LBS when a 

goal hierarchy is reconstructed or a focus is placed on the most important goal(s). Optimization 

involves determining desired outcomes and ways to achieve success. This can be any active or 

passive processes aimed at the generation or refinement of means to achieve a goal, such as 

learning a new skill or attentional focus on a goal. Compensation involves the response to the 

loss of goal-related abilities, such as working out with lower weights as one gets weaker in order 

to continue working out in old age (Baltes et al., 2006). How older adults compensate for age-

related declines in cognitive ability, as well as differences in use of SOC-related strategies are 

underlying themes in this thesis.  

Baltes (1997) described the SOC model as both personalized and generalized. It is 

personalized through its reliance on specific contexts/cultures and individual abilities and 

interests. It is generalizable because all developmental processes are likely to undergo some kind 

of selection, optimization, and compensation to remain at a functional level. A prime example of 

personalized cultural differences in compensation are in Western and Eastern definitions of 

optimal aging. Older adults living in Western cultures face societal norms of individuality and 

independence, whereas older adults living in Eastern cultures face societal norms of collective 

interdependence. How these individuals attempt to compensate may be dependent on particular 

cultural norms (Baltes, 1997). Since the sample utilized in this thesis consists of older adults 

from a Western culture, particular attention will be given to the ways in which older adults 

compensate to retain functional independence in particular cognitive tasks. Specifically, ways in 

which older adults strategically approach the HTKS task may suggest compensatory attempts 

aimed to retain their independent ability of achieving a strong score on the task.  
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Level 5 consists of specific functions and domains to apply life span theory to, such as 

intellectual functioning across the life span. This is the most specific, final level where principles 

such as plasticity, relative stability or amount of change over time, directionality or the average 

change over time play prominent roles in studying intellectual functioning (Baltes et al., 2006). 

Using life span developmental theory, this thesis will consider the previous theoretical 

attempts of defining executive function across the life span, and attempt to add a better 

understanding of ways older adults compensate for the age-related decline in executive function 

ability.  

2.2 Understanding Executive Function  

 Executive function (EF) is generally understood to be higher level cognitive processes 

associated with prefrontal cortex (PFC) neural systems that are necessary for the management of 

higher level processes such as actions, thoughts, and emotions. The study of EF began in the late 

19th century when a zeitgeist involving breakthroughs in central nervous system research 

compelled researchers to investigate the unique functions of the PFC (Müller & Kerns, 2015). 

Studies investigating brain lesions, or abnormalities of brain tissue, continued in the 1900s and 

discovered distinct cognitive deficits depending on the specific area of the brain the damage 

occurred in. The origin of “executive function” as a term came into use in the 1970s and was 

used to describe the role of the PFC to structure behaviors and the consequences that occur from 

lesions to the PFC in monkey and human brains. The use of EF in developmental science did not 

gain momentum until the 1990s largely due to misconceptions including PFC not being 

functional in childhood or early adolescence and only applied in experiments involving lesions to 

PFC in adults and animals (Müller & Kerns, 2015). 



 11 

As these developmental misconceptions were found incorrect and researchers began 

delving into EF-related research, a specific, clear-cut definition of EF remained unestablished. 

This was due to various researchers conceptualizing and including various components of EF 

differently. With specific tasks only measuring particular factors of EF, it is difficult to 

generalize to real world scenarios, thoughts, and behaviors (Müller & Kerns, 2015). An 

extensive list of cognitive abilities related to the PFC and termed as EF abilities has been 

established by researchers (see Jurado & Rosselli, 2007), although persistent debate over which 

abilities truly define EF continues. Some of these abilities include working memory (e.g., 

updating), inhibitory control, attention (e.g., shifting, cognitive flexibility), decision making, 

abstract thinking, planning, judgment, self-regulation and fluid intelligence (Müller & Kerns, 

2015). Well known accounts by Miyake et al. (2000), Hedden and Yoon (2006), and Hull, 

Martin, Beier, and Lane (2008) expand on unique dimensions of EF depending on age and 

specific tasks completed. Specifically, Miyake et al. (2000) identified shifting, updating, and 

inhibition as the three components of EF in a college student sample, Hedden and Yoon (2006) 

identified shifting/updating and inhibition as the two main components of EF in an older adult 

sample, and Hull et al. (2008) identified shifting and updating as the two main components of EF 

in an older adult sample. Since both older adult samples indicated two distinguishable domains 

of EF, this thesis will serve as a means to confront these conflicting accounts and identify which 

dimensions of EF are most strongly correlated with the HTKS. 

 Miyake et al. (2000) aimed to better understand the organization of EF through latent 

variable analysis. They hypothesized three distinguishable factors of EF based on prior research: 

shifting (attentional shifts between tasks), updating (the ability to actively manipulate 

information in working memory), and inhibition (restricting an initial response for an appropriate 



 12 

response). Both simple tasks meant to measure sole factors of EF and complex tasks meant to 

measure a combination of EF factors were administered to a sample of 137 college 

undergraduates. There were nine total simple tasks administered; three tasks for each of the 

hypothesized factors of EF: shifting, updating, and inhibition. Additionally, five complex tasks 

were administered to see how the three EF factors contribute to performance on these tasks 

(Miyake et al., 2000). Confirmatory factor analysis (CFA) indicated moderate correlations 

between the three EF factors, suggesting related, but separable dimensions of EF. In the 

investigation of performance on complex EF tasks, structural equation modeling (SEM) 

indicated the three functions had distinct influences on performance in each complex task. 

Performance on the Wisconsin Card Sorting Task (WCST) was most related to the factor 

labelled Shifting, Tower of Hanoi (TOH) was most related to the factor labelled Inhibition, 

Random Number Generation (RNG) was most related to two factors labelled Inhibition and 

Updating, and operation span was most related to the factor labelled Updating. Miyake et al. 

(2000) argue for both unity and diversity of EF based on these findings. Moderate correlations 

demonstrated a commonality among the three factors, suggesting unity. CFA identified the three 

distinguishable factors of EF, suggesting diversity. While this notion of unity and diversity is 

generally accepted in the literature, the specific results of their factor analytic approaches have 

not been directly replicated in older adult populations, suggesting a potential for different 

organization of EF based on age and task.  

 Similar to the approach from Miyake et al. (2000) in college undergraduates, Hedden and 

Yoon (2006) used SEM to identify whether EF is better defined by one factor or several factors 

in older adults. Using a sample of 121 community dwelling older adults (ages 63 – 82), the 

researchers were interested in determining which subcomponents of EF and other cognitive 
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constructs best explained the variability in interference susceptibility to a verbal working 

memory task. The researchers used three complex tasks to measure shifting, three simple tasks to 

measure updating, and four simple tasks to measure inhibition, along with additional tasks 

measuring verbal memory, visual memory, perceptual speed, and the outcome measure, list 

memory (Hedden & Yoon, 2006).  

 Analyses indicated a multiple dimension makeup of EF that differed from previous 

findings (Miyake et al., 2000). After multiple models were tested, the best fitted model for EF 

had only two subcomponents: shifting and updating were identified as one dimension, and the 

second dimension was the inhibition variable, resistance to proactive interference. These two 

dimensions of EF were the best predictors of interference susceptibility in verbal working 

memory. Further, correlated factors models identified verbal memory, visual memory and 

perceptual speed as distinct constructs that did not confound these subcomponent processes 

(Hedden & Yoon, 2006). This two-dimension model of EF supports the diversity of EF across 

age groups, but reasons for its inconsistency with Miyake et al. (2000) warrant investigation. 

 Hull et al. (2008) aimed to disentangle the inconsistency in findings between Miyake et 

al. (2000) and Hedden and Yoon (2006). Their interpretation of the contrasting results was not 

limited to age differences, but explored the importance of task selection for measuring specific 

EF factors. Shifting was measured only by complex EF tasks such as the WCST and Trail 

Making Test in Hedden and Yoon’s (2006) study, while Miyake et al. (2000) utilized simple EF 

tasks designed to explicitly measure shifting, as well as complex tasks for subsequent analysis. 

Since complex tasks such as the WCST generally require multiple components of EF, the 

shifting domain in Hedden and Yoon’s (2006) study cannot be comparable to the distinguishable 

factor found in Miyake et al. (2000). In other words, the tasks selected by Hedden and Yoon may 
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have measured updating and shifting factors, which could have resulted in the integration of the 

two as a single dimension in the best fitted model (Hull et al., 2008).  

In an attempt to better understand the makeup of EF in older adults, Hull et al. (2006) 

utilized factor analysis to assess which factors of EF emerged as unique domains. Ten simple 

tasks were administered to a sample of 100 older adults (ages 51 – 74); three used to measure 

shifting, four used to measure updating, and three used to measure inhibition. Additionally, the 

WCST and TOH were also administered as complex tasks of EF, very similar to the procedure of 

Miyake et al. (2000). Results indicated shifting and updating as two unique and robust factors of 

EF, but the inhibition factor did not significantly emerge in the CFA. A possible reason for the 

lack of an inhibition factor emerging involves the type of inhibition measured. Hull et al. (2008) 

measured prepotent response inhibition, while Hedden and Yoon’s (2006) study identified 

resistance to proactive interference as the only indicator to load on the inhibition factor in older 

adults. This suggests prepotent response inhibition tasks may not be measuring an inhibition 

factor in older adults and calls for careful consideration when deciding on which tasks to 

administer depending on the characteristics of the sample. Additionally, updating was the 

strongest predictor on TOH and WCST performance, suggesting a substantive importance in 

updating ability in old age. Hull et al. (2008) suggest the vital role of updating ability may be due 

to the age-related declines in working memory capacity, which may lead to a greater dependence 

on updating skills while performing complex EF tasks.  

All three of these studies identified at least two unique dimensions of EF. The two studies 

with older adult samples found two unique factors, which are in opposition to the controversial 

dedifferentiation hypothesis (Balinsky, 1941). This hypothesis suggests that aging leads to 

different cognitive abilities blending together, resulting in a single factor of EF (Balinsky, 1941). 
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Interestingly, each study identified a different factor loading when determining the organization 

of EF. Miyake et al. (2000) identified shifting, updating, and inhibition as the three components 

of EF in a college student sample, Hedden and Yoon (2006) identified shifting/updating and 

inhibition as the two main components of EF in an older adult sample, and Hull et al. (2008) 

identified shifting and updating as the two main components of EF in an older adult sample. 

Both older adult samples identified only two distinguishable domains of EF, which will be vital 

information to facilitate interpretation of the correlations between the HTKS and different 

cognitive domains measured by the NIHTB (attention, working memory, inhibitory control, and 

processing speed).  

2.3 EF in Older Adults 

 It is widely recognized that older adults typically face a decline in EF abilities as a 

function of age (Bouazzaoui et al., 2014; De Frias, Dixon, & Strauss, 2006; Henry, von Hippel, 

& Baynes, 2009; Jurado & Rosselli, 2007; McCalister & Schmitter-Edgecombe, 2013; Kray, 

Eber, & Lindenberger, 2004; Rodrigue & Kennedy, 2011; Spreng, Wojtowicz, & Grady, 2010; 

Zelazo, Craik, & Booth, 2004). In a review of the current understanding of EF, Jurado and 

Rosselli (2007) report this decline is related to anatomical changes in the brain, particularly in 

the PFC, and can be predictive of decreased functional abilities and development of 

neurodegenerative dementias such as Alzheimer’s disease. Through tracing particular brain 

regions on participant’s MRI scans in a process called manual volumetry, the strongest negative 

correlations between brain size and age can be found in the PFC (r = -.56, Rodrigue & Kennedy, 

2011). In other words, the greatest amount of brain shrinkage is associated with the PFC region. 

Further, older adults’ prefrontal regions are actively recruited more than younger adults when 

participating in cognitive tasks (Spreng et al., 2010). This may be due to older adults activating 
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compensatory processes, and various theories have been developed to explain how older adults 

mask the effects of brain shrinkage (e.g., The Scaffolding Theory of Aging and Cognition; Park 

& Reuter-Lorenz, 2009).  

The Scaffolding Theory of Aging and Cognition (STAC; Park & Reuter-Lorenz, 2009) is 

a comprehensive approach to understanding the decline in neural structures (e.g. brain shrinkage, 

increased amyloid deposition) and neural functioning (e.g. dedifferentiation of neural activity) 

with aging, and the ways in which internal and external influences can preserve cognitive 

function amidst these declines by means of compensatory scaffolding. Neural plasticity allows 

for the brain to respond to these declines by compensatory frontal recruitment, neurogenesis 

(neuronal growth), and greater distribution of neural processing. In addition to this neural 

scaffolding, external experiences play a vital role in the STAC model that allows for individual 

differences in ability to compensate. Learning new skills, engaging in social, cognitive, and 

exercise opportunities, and cognitive training techniques can provide “scaffolding enhancement” 

to compensatory processes in aim to better preserve cognitive function (Park & Reuter-Lorenz, 

2009).  

 As an example of such compensatory processes, older adults may use EF ability to 

compensate for age-related memory decline (Bouazzaoui et al., 2014). In an investigation of age 

differences in involvement of EF in memory performance, Bouazzaoui et al. (2014) found that 

only older adults showed consistent correlations between memory and EF. This suggests older 

adults utilize other resources available, such as factors of EF, to preserve memory functioning 

amidst age-related decline (Bouazzaoui et al., 2014). While the compensatory ability of the brain 

showcases its plasticity, it also makes clear the substantive decline of EF ability older adults 

face. Specifically, regression analyses showed the age-related decline in EF explained the age-
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related differences in episodic memory performance. Bouazzaoi et al. (2014) argue that although 

there is a general decline in EF and memory ability with age, older adults still relied on EF 

ability when completing the memory tasks. This demonstrates older adults using a more 

controlled approach to processing information, in contrast to younger adults automatically 

processing information and not requiring additional EF ability to assist with task performance 

(Bouazzaoi et al., 2014). 

 Multiple studies have investigated age differences in EF across the life span by sampling 

children, young adults, and older adults (Henry et al., 2009; Kray et al., 2004; McCalister & 

Schmitter-Edgecombe, 2013; Zelazo et al., 2004). In a study of EF across the life span, Zelazo et 

al. (2004) reported a U-shaped pattern of perseverative, or continued/repeated, errors on multiple 

sorting EF tasks when plotted against age. In other words, child participants committed more 

perseverative errors than younger adults, but older adults committed more perseverative errors 

than younger adults as well, graphically displaying a decline in EF with age in the shape of a U. 

Another study utilizing a life span sample of children, young adults, and older adults included a 

task-switching paradigm that allows participants to select task sets and switch between task sets 

while prompted to verbalize their task preparation (an example of inner speech; Kray et al., 

2004). Results indicated vast heterogeneity based on type of executive control and age. Across 

the three age groups, an inverted U-shaped age function was found only for the selection 

component, meaning selection between tasks performance is highest in young adults, and a 

decline is seen in older adults (Kray et al., 2004).  

 Using cross sectional data from 427 adults ages 55 – 85 from the Victoria Longitudinal 

Study, de Frias et al. (2006) found worse EF performance was associated with older age and 

poorer fluid intelligence. Similarly, older adults were more inefficient than younger adults in a 
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study investigating EF and everyday multitasking (McCalister & Schmitter-Edgecombe, 2013). 

Specifically, it took older adults longer to complete the EF-related tasks, and the task quality and 

accuracy was inferior to the younger adults. McCalister and Schmitter-Edgecombe (2013) 

suggest executive dysfunction or the decline in functional EF ability may be a predictive factor   

to the similar decline in everyday multitasking as a function of age in older adults. Cohort effects 

may be operating within these results, however, because Schaie (1996) warns that it is 

impossible to separate cohort and period effects clearly without independent information. 

Analyses from the Seattle Longitudinal Study demonstrated stark cohort differences in 

intelligence first observed in generations born before 1900. Schaie, Willis, and Pennak (2005) 

suggest these improvements in intelligence may be largely due to increases in educational 

attainment for each subsequent generation. In an investigation of possible cohort effects in age-

associated cognitive trajectories, Dodge, Zhu, Lee, Chang, and Ganguli (2013) reported 

substantive cohort effects in various cognitive domains, especially EF, and suggest factors such 

as improved nutrition or increases in cognitively engaging environments may be operating across 

their cohorts of older adults.   

In addition to lower fluid intelligence and a decline in the ability to multitask, EF deficits 

can also hinder social life for older adults, creating impaired social interactions due to a lessened 

ability to inhibit inappropriate discourse during conversation (Henry et al., 2009). The inclusion 

of social factors identifies how widespread the influences of EF can be, and the importance of 

understanding age-related decline in EF in terms of social, physical, and mental well-being. 

 Past research has identified the importance of including personality factors in the study of 

cognitive ability. In a concurrent and longitudinal investigation of the Seattle Longitudinal 

Study, Schaie et al. (2004) established a substantive relationship between personality and 
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cognitive abilities. Concurrently, personality trait measures explained up to 20% of the variance 

in cognitive abilities, with higher levels of openness, higher levels of untroubled adequacy, lower 

levels of conservatism, and lower levels of group dependency most significantly associated with 

better cognitive performance. Longitudinally, moderate stability throughout seven-year time 

intervals were found for the personality factors that significantly predicted cognitive ability. The 

average cognitive ability variance explained by personality traits ranged from 15.8% over 7 years 

to 14.8% over 35 years. This consistent influence over time warrants the inclusion of personality 

traits in the investigation of various cognitive abilities (Schaie et al., 2004). Further longitudinal 

support for links between personality and cognition has been found through investigation of the 

Health and Retirement Study (Hülür, Hertzog, Pearman, & Gerstorf, 2015). Big Five 

characteristics and subjective memory showed stable relationships over time, with 

conscientiousness and agreeableness moderating the relationship between subjective memory 

and memory performance in older adults. Individuals higher in conscientiousness were more 

likely to have subjective memory that was an accurate depiction of actual memory performance. 

Hertzog and Pearman (2013) suggest being higher in conscientiousness may be associated with a 

lesser chance of experiencing memory difficulties because these individuals may engage in 

behavioral strategies that promote better organization and fewer distractions in everyday life. 

 Recognizing individual differences in personality characteristics can aid in understanding 

how one can optimize EF ability amidst age-related declines. Personality traits and processes are 

vital for various aspects of well-being in older adults, and its role in EF ability is substantive. In a 

community sample of older adults with no signs of dementia, Williams et al. (2010) found a 

significant relationship between EF and neuroticism, with poorer EF performance related to 

higher levels of neuroticism, as well as significant relationships between EF and openness and 
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agreeableness, with better EF performance related to higher levels of openness and 

agreeableness. Analyses from the Swedish Adoption/Twin Study of Aging supports these 

findings demonstrating a significant association between higher openness to experience and 

higher performance in verbal ability, spatial ability memory, processing speed, and global 

cognition (Sharp et al., 2010). These findings have been supported in a young adult sample of 

182 participants ages 18 – 29 years (Murdock, Oddi, & Bridgett, 2013). Specifically, better 

updating/monitoring was related to lower levels of neuroticism and higher levels of openness, 

and better cognitive flexibility was related to higher levels of openness.  

 Longitudinal support for mean-level decreases in neuroticism and openness and mean-

level increases in agreeableness in the later years of life (Roberts, Walton, & Viechtbaur, 2006) 

may have value when considering optimal brain health and well-being. The integration of 

personality factors and EF can uncover new ways of thinking about cognitive aging. Factors such 

as dispositional traits and personal goal processes in tandem with EF abilities may provide a 

more comprehensive understanding of inter- and intra-individual variability across the life span. 

In addition to a more dynamic approach to studying cognitive aging, personality changes may be 

of substantive value to the detection of severe cognitive impairment. Balsis, Carpenter, and 

Storandt (2005) suggest changes in personality may be instrumental in Alzheimer’s disease 

detection because these changes can occur even before a clinical diagnosis of the 

neurodegenerative disease. These changes in personality often parallel with behavioral changes 

in persons with dementia and can extend its negative impact to the mental and physical health of 

caregivers as well (e.g., Hooker et al., 2002).   

 The individual differences in EF ability reviewed in this chapter are largely based on age 

differences and methodology. Jurado and Rosselli (2007) warns researchers that there is limited 
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generalizability in EF research because of predominately cross-sectional analyses investigating 

merely age differences and too few longitudinal investigations of age changes. In addition, some 

EF abilities decline at different points in life, making it difficult to create a universal 

understanding of when and how EF abilities decline in older adulthood. For example, inhibition 

of superfluous information appears to decline earlier than attentional shifting and verbal fluency 

throughout the aging process (Jurado & Rosselli, 2007).  Further, EF continues to be vastly ill-

defined, task focused, and lacking ecological validity. In other words, EF is usually measured by 

specific tasks that only measure a specific factor of EF, making it very difficult to generalize to 

real world scenarios, thoughts, and behaviors (Müller & Kerns, 2015). Given these limitations of 

the construct, researchers persist toward trying to identify ways to preserve or even improve 

brain health. The following section discusses important findings from cognitive interventions 

involving training, engagement, and physical activity models.  

2.4 Cognitive Interventions 

 Cognitive interventions for older adults attempt to alter neural function and brain 

structure with the goal of sustaining or enhancing brain health. These interventions are 

theoretically feasible through the assumption of brain plasticity (Park & Bischof, 2011). There 

have been various avenues taken in attempt to find the optimal way of preserving brain function, 

but there continues to be little evidence for cognitive training and engagement models 

successfully delaying cognitive decline or preventing neurodegenerative dementias such as 

Alzheimer’s disease. However, researchers agree that various cognitively engaging activities are 

associated with some kind of benefit to cognitive function (Carlson et al., 2009; Daly, McMinn, 

& Allan, 2015; Guiney & Machado, 2013; Park & Bischof, 2011; Parke et al., 2014; Smiley-

Oyen et al., 2008; Vaughan & Giovanello, 2010). The most influential programs and activities 
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are reviewed here, along with reasons why certain training models do not exhibit any 

fundamental change in the way the brain functions (Park & Bischof, 2011). 

 A cognitive engagement model involves providing engaging environments for the 

application of EF skills. Park et al., (2014) report findings from The Synapse Project, an 

engagement intervention for older adults designed to determine if sustained engagement in 

working memory, episodic memory, and reasoning ability for 3 months would improve cognitive 

function. In a sample of 259 older adults, participants in treatment conditions either learned 

quilting, digital photography, or engaged in both cognitively demanding skills. Results indicated 

the most benefit was found in episodic memory. This engagement model utilized the consistent 

activation of EF processes such as working memory and attention to improve memory function 

in older adults (Park et al, 2014).  

The Synapse Project controlled for social engagement in their experimental design to 

differentiate between specific learning improvements from the task and social activities. Carlson 

et al. (2009) implemented social engagement into their program’s design in their well-known 

Experience Corps program. The program consists of older adults at least 55 years of age and 

older helping teachers educate children in kindergarten to third grade. These intergenerational 

relationships have helped improve children’s educational outcomes and reading ability. In 

addition to the children benefitting from this impactful volunteer work, the older adult 

participants receive substantive cognitive benefit. Carlson et al. (2009) reports an in-depth 

investigation of eight African American older adult volunteers who were both low income and at 

risk of developing severe cognitive difficulties. After six months of volunteering 15 hours/week 

in the Experience Corps program, greater brain activity and improved executive function was 

found in the volunteers compared to a control group of older adults. Specifically, fMRI results 
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showed increased activity in the left PFC and anterior cingulate cortex, and improved inhibitory 

control ability as measured by a flanker task was found for the Experience Corps volunteers 

(Carlson et al., 2009). Both the Synapse Project and Experience Corps program are prime 

examples of ways in which older adults can create engaging lifestyles for themselves with an aim 

to preserve or possibly improve certain executive functions and cognitive abilities.  

 Physical activity is another crucial lifestyle factor with regard to cognitive 

interventions (Daly et al., 2015; Guiney & Machado, 2013; Park & Bischof, 2011; Smiley-Oyen 

et al., 2008). For conflicting evidence, see review by Snowden et al. (2011). In a review 

exploring the benefits of aerobic exercise on EF in healthy children, young adults, and older 

adults, Guiney and Machado (2013) identified significant EF benefits from intervention studies 

and cross-sectional data. Intervention studies indicate consistent aerobic exercise may improve 

EF abilities such as task switching, selective attention, inhibition, and working memory. Further, 

working memory updating may be related to aerobic exercise based on cross-sectional data, but 

the explicit reason for improvements cannot be made due to study designs (Guiney & Machado, 

2013). A 10-month randomized control trial for older adults reported improvements in an 

inhibitory control measure (a Stroop task) for the aerobic exercise group only, suggesting aerobic 

exercise in particular may play an important role in speeded tasks relying on EF ability (Smiley-

Oyen et al., 2008). Consistent with this thesis’ theoretical perspective recognizing co-active 

influences between nature and environment, a bidirectional relationship between physical 

activity and EF in older adults has been found in four waves of the English Longitudinal Study 

of Aging (Daly et al., 2015). While this dynamic link demonstrates the paralleled value of EF 

performance and physical activity, the most robust relationship was found in poor EF 

performance leading to lowered physical activity rates over time.  
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 While physical activity and engagement models have generally been found to benefit 

cognitive functioning in older adults, cognitive training interventions do not report as many 

benefits. Park and Bischof (2011) suggest training interventions, where a specific task is 

identified and aimed to improve, do not report as many benefits as the engagement and physical 

activity models because they do not indicate any fundamental change in the way the brain 

functions. There are, however, numerous training studies that have reported task specific 

improvements in EF (Dahlin, Neely, Larsson, Bäckman, & Nyberg, 2008; Simons et al., 2016) 

and increased blood flow to the PFC (Mozolic, Hayasaka, & Laurienti, 2010). Eighteen months 

after a training intervention focused on improving updating ability was administered to older 

adults, improvements were maintained that suggest preservation of updating improvements from 

the training (Dahlin et al., 2008). A recent review conducted by Simons et al. (2016) cautioned 

that there is limited and inconsistent evidence for the effectiveness of brain-training programs 

above and beyond specific task improvement. Small sample sizes, failure to control for placebo 

effects, and inadequate control groups attribute to a misperception of the utility of brain-training 

programs such as Lumosity and Cognifit providing transfer effects to other cognitive domains 

(Simons et al., 2016). Past work suggests differential impacts from training interventions that use 

either strategy-based, multi-domain, or process-based methods (Karbach & Verhaeghen, 2014). 

While many brain-training programs or cognitive interventions fail to see transfer effects using 

strategy-based or multi-domain trainings, process-based cognitive trainings of attention, 

inhibition, and working memory demonstrate small to medium-sized transfer effects to other 

cognitive domains (Karbach & Verhaeghen, 2014). 

 This brief review of cognitive interventions in older adults makes clear engagement 

models and physical activity models may have the greatest benefit for EF ability in late life. It is 



 25 

important to recognize the value of all types of intervention, however, as training models are 

instrumental in preserving and improving certain task specific EF abilities. In a study 

investigating the efficacy of training and engagement models, Stine-Morrow et al. (2014) 

reported older adults in a training model showed improvements in task specific inductive 

reasoning ability, and older adults in an engagement model showed improvements in divergent 

thinking, an executive ability that helps fuel problem solving. Although the value is seen in 

different domains, preservation of cognitive ability and improvements in certain domains make 

both models worthy of research attention. This thesis may be of value to the cognitive 

intervention literature since the administration of the HTKS will involve a motorically engaging, 

game-like manner. The HTKS has already been used to measure EF in cognitive interventions 

for children, therefore, the application to cognitive interventions for older adult samples may be 

feasible. The following section contains information on the HTKS in children.  

2.5 HTKS in Children 

Select studies are presented in order to properly compare results from this thesis’ older 

adult sample with existing psychometric properties and results in children. McClelland et al. 

(2014) performed a psychometric evaluation of the HTKS between prekindergarten and 

kindergarten and found the HTKS demonstrated construct validity by significantly relating to 

cognitive flexibility (Dimensional Change Card Sorting task), inhibitory control (Day Night 

Stroop task, Simon Says), and working memory (auditory working memory test). Further, good 

internal consistency was found across four waves of sampling (αs = 0.92, 0.94, 0.94, 0.94). 

Montroy et al. (2016) also reported good internal consistency of the HTKS across three diverse 

samples of children ages 3 to 7 (αs ranged from .85 to .94). The HTKS is known to measure 

multiple factors of EF, including cognitive flexibility, working memory, and inhibitory control. 
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McClelland et al. (2014) report the HTKS may be particularly measuring inhibitory control in 

younger children, cognitive flexibility in children from 4 to 6 years, and measuring working 

memory in older children. Therefore, the diversity and range of what the HTKS measures will be 

taken into consideration.  Further, Montroy et al. (2016) report the age of a child when self-

regulatory behavior is mastered (using the HTKS) depends on individual characteristics such as 

gender, early language skills, and maternal education, suggesting contextual influences should be 

considered when studying HTKS performance. This thesis will take into account the older adult 

sample’s age, gender, race, ethnicity, marital status, education, and self reported health when 

interpreting HTKS performance.  

 A self-regulation intervention involving cognitively engaging games for children living 

below the poverty threshold was evaluated with the HTKS as an outcome measure (Schmitt, 

McClelland, Tominey, & Acock, 2015). This eight-week intervention resulted in the treatment 

group showing stronger self-regulation than the control group. This school readiness intervention 

also supports the efficacy of the HTKS as a measure used in child intervention studies, 

suggesting its potential feasibility in an older adult intervention setting. 

 In addition to construct validity and internal consistency, the HTKS has demonstrated 

predictive validity with its prediction of school readiness and academic achievement (e.g., 

literacy, vocabulary, math skills) across diverse samples in America, Asia, and Europe 

(McClelland, Geldhof, Cameron, & Wanless, 2014). Although predictive validity is outside of 

the aims of this thesis, the HTKS task’s ability to predict academic outcomes in children, as well 

as its translatability and applicability to diverse populations, reinforce its sound psychometric 

properties in child samples and inform this first adaptation of the task to an older adult sample.  

2.6 Research Questions and General Overview 
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The underlying goal of this thesis is to determine if a well-known and often-used task of 

EF in children, the Head-Toes-Knees-Shoulders Task (HTKS; McClelland & Cameron, 2012), 

can be adapted to older adult populations. This question has practical significance because this 

motorically engaging and personally administered approach to measuring EF is simple, cost 

effective, and takes only 5-7 minutes to complete. It has theoretical significance because the 

investigation of SOC-related strategies and participant characteristics in tandem with EF task 

performance can provide needed insight for a more comprehensive, theoretically cohesive 

understanding of EF. Finally, it may be considered as an intervention that could delay normative 

age-related declines in EF.  

This study will address three research questions: 1) What are the psychometric properties 

of the HTKS when used in older adults? In other words, Does the HTKS operate the same way as 

it does in children? Does it measure EF and if so, what components? Past investigations of the 

organization of EF in older adults differ in the two unique dimensions of EF: shifting/updating 

and inhibition (Hedden & Yoon, 2006) and shifting and updating (Hull et al., 2008). We 

hypothesize correlation analyses will show strong, significant relationships with at least two 

unique dimensions of EF comprised of either attention, updating/working memory, or inhibitory 

control based on these conflicting accounts. Further, does the HTKS measure EF as well as 

current EF tasks in the field? We hypothesize good internal consistency, good convergent 

validity as compared to the NIH Toolbox: Cognition Battery (NIHTB-CB; Gershon et al., 2013), 

and good discriminant validity as compared to the Positive and Negative Affect Schedule 

(PANAS; Watson, Clark, & Tellegen, 1988). 2) Are there specific personality traits that are 

linked to better scores on the HTKS? We aim to support existing literature identifying 

neuroticism as a risk factor for poor EF performance, and openness and agreeableness as 
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protective factors for better EF performance (Sharp, Reynolds, Pedersen, & Gatz, 2010; 

Williams et al., 2010). We hypothesize higher levels of neuroticism will be related to poorer EF 

performance, and higher levels of openness and agreeableness will be related to better EF 

performance. Levels of conscientiousness and extraversion will be analyzed in exploratory 

fashion. 3) Do older adults strategize when performing the HTKS? In other words, do older 

adults use SOC-related strategies to potentially compensate for their slower processing speed or 

greater difficulty answering prompts? We hypothesize older adults will use some form of 

strategy when completing the HTKS as measured by the question, “Did you use any kind of 

strategy to help you respond correctly throughout the task?” Additionally, we hypothesize higher 

levels of SOC-related strategies as measured by an open-ended strategy question and the SOC 

questionnaire (Baltes, Baltes, Freund, & Lang, 1995) will be related to better performance on the 

HTKS.  

 We recruited 150 community dwelling older adults 60 years of age and older through a 

statewide participant pool of adults age 50 and over. Exclusion criteria only includes self-

reported dementia or mild cognitive impairment diagnoses. In a scheduled hour of testing, 

participants were administered the following tasks in this order: HTKS (McClelland & Cameron, 

2012), brief interview, SOC (Baltes et al., 1995), NIHTB-CB (Gershon et al., 2013), PANAS 

(Watson et al., 1988), and Ten Item Personality Inventory (TIPI; Gosling, Rentfrow, & Swann, 

2003).  

3. Method 

3.1 Participants 

A sample of 150 community dwelling older adults (60 years of age and older) from the 

pacific northwest was recruited to participate in the present study through email for individuals 
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affiliated with a previously established participant pool (LIFE Registry). Since this study marks 

the first adaptation of the HTKS in older adults, the sample was limited to cognitively healthy 

older adults. Exclusion criteria only included a participant’s lack of cognitive capacity to consent 

to research. All study participants successfully demonstrated capacity to consent by answering 

questions regarding information presented in the informed consent form prior to study 

administration. The 6-item Cognitive Module of the Behavioral Risk Factor Surveillance System 

(BRFSS; The Healthy Brain Initiative) was also administered to assess subjective cognitive 

decline. This brief assessment identifies participants who report increased confusion or memory 

loss that has gotten worse in the last 12 months and provided an idea of the community dwelling 

older adults that are at greater risk for developing a dementia or mild cognitive impairment. In 

this sample, 21% of participants reported subjective memory loss during the past 12 months. 

Consistent with previous psychometric investigations of EF measures (see Mitchell & Miller, 

2008; Weintraub et al., 2014), this study did not include structured screening to exclude 

participants who have other medical conditions such as heart disease or diabetes in our aim to 

collect a representative sample of the community dwelling older adults. 

Table 1 displays participant demographics for the sample. Of the 150 participants, 40 

were men, 108 were women, and 2 did not report on sex (M = 68.55 years of age, SD = 6.34 

years of age). Ethnic demographics included 95% Caucasian, 1% African American, 1% Asian, 

1% Native, Hawaiian, or Other Pacific Islander, 1% identifying as other, and 1% missing. 

Participants identifying as Not Hispanic or Latino/Latina comprised 96% of the sample. The race 

and ethnicity of the current study’s sample is similar to the race and ethnicity of Oregon older 

adults (U.S. Census Bureau, 2015). According to the U.S. Census Bureau’s 2015 projections, 

race/ethnicity of Oregon adults 65 years of age and older include 94.1% Caucasian, 1.0% 
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African American, 2.7% Asian, 0.1% Native Hawaiian and Other Pacific Islander, 1.2% 

identifying as 2 or more races, and 96.9% identifying as Not Hispanic or Latino/Latina. With 

regard to marital status, the sample included 62% married, 17% divorced, 11% single, and 10% 

widowed. Highest level of education ranged from 1 (12th grade) to 9 (doctorate degree) and was 

treated as a continuous covariate in regression analyses. Table 1 displays education level 

frequencies collapsed into five categories. Participants with at least a Bachelor’s degree 

comprised 81% of the sample, while participants with at least a Master’s degree comprised 42% 

of the sample. The SF-12 health survey (Ware, Kosinksi, & Keller, 1995) was administered to 

collect self-reported mental and physical health of the sample. Both the self-reported mental 

health (M = 53.42, SD = 6.90) and physical health (M = 50.31, SD = 7.53) of the current sample 

are slightly better than the general US population (M = 50, SD = 10; Ware et al., 1995, p. 23). 

3.2 Measures 

Description of the primary psychometric investigation: 

Head-Toes-Knees-Shoulders Task (HTKS) 

The Head-Toes-Knees-Shoulders task (HTKS; McClelland & Cameron, 2012) was 

created as a behavioral measure of self-regulation in children ages 4-8 years old (see Appendix 

4). It is a game-like task between participant and examiner designed to measure EF abilities of 

cognitive flexibility, inhibitory control, and working memory. The student researcher was trained 

on the task and received the Head-Toes-Knees-Shoulders Online Training Certificate of 

Completion. The HTKS is comprised of 30 test items divided equally across three sections with a 

maximum of four paired behavioral rules applied to the task: “touch your head” and “touch your 

toes;” “touch your shoulders” and “touch your knees.” Each section begins with the participant 

responding naturally (e.g., touching their head when instructed to touch their head), followed by 
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an instruction to change the rules and respond in “opposite” fashion (e.g., touching their head 

when instructed to touch their toes). Section I includes only two behavioral rules, head goes with 

toes and toes go with head. Section II involves adding the additional two behavioral rules 

regarding shoulders and knees (e.g., touching their shoulders when instructed to touch their 

knees). Participants advance to the final section if they are able to respond correctly to all four 

paired behavioral rules. Section III involves switching the paired rules (e.g., touching their head 

when instructed to touch their knees, and touching their shoulders when instructed to touch their 

toes). All participants advanced to the third section and completed the 30 test items. 

The examiner scores the participant’s responses on a 3-point scale, including 

0(incorrect), 1(self-correct), or 2(correct) for each test item. An incorrect response is scored 

when the participant does not touch the correct part of their body or touches the named part of 

the body in the instruction. A self-correct response is scored when the participant makes a 

discernable motion toward an incorrect response, but then adjusts and makes the correct response 

(e.g., when asked to touch their head, a participant may initially move toward an incorrect 

response of touching their head, and then quickly change their mind to touch their toes). A 

correct response is scored when the participant makes a discernable motion toward the correct 

part of their body, either immediately or after a pause to think. A total score is generated by 

adding up each of the 30 test items giving a score that ranges from 0 to 60. Higher scores 

indicate higher levels of EF. In the present study, the HTKS total score had a ceiling effect (see 

Figure 2), with most participants scoring very highly on the task (83% of the sample achieved a 

score between 56 – 60). This negatively skewed (left-skewed) distribution led to little variation 

in scores.  
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In addition to the total score variable, we monitored how long (in seconds) each 

participant took to complete the HTKS with a digital stopwatch. Timing began as soon as the 

student researcher began the HTKS task instructions and ended on the final behavioral response 

to the task (Item 30). We termed this variable completion time (in seconds). Faster completion 

times indicate better EF as shorter completion times show more efficient EF processing. 

Contrary to the ceiling effect in the HTKS total score variable, HTKS completion time had more 

variability (See Figure 3) and traces of mild positive skewness (right-skewed distribution) 

indicating more participants had faster completion times.   

McClelland et al. (2014) performed a psychometric evaluation of the HTKS between 

prekindergarten and kindergarten and found the HTKS demonstrated construct validity by 

significantly relating to cognitive flexibility (DCCS task), inhibitory control (Day Night Stroop 

task, Simon Says), and working memory (auditory working memory test). Further, good internal 

consistency was found across four waves of sampling (αs = 0.92, 0.94, 0.94, 0.94). In the present 

study, the HTKS demonstrated good internal consistency (α = .84). The HTKS is known to 

measure multiple factors of EF, including cognitive flexibility, working memory, and inhibitory 

control. McClelland et al. (2014) report the HTKS may be particularly measuring inhibitory 

control in younger children, cognitive flexibility in children from 4 to 6 years, and measuring 

working memory in older children. Therefore, the diversity and range of what the HTKS 

measures will be analyzed via correlation analysis to determine if attention, working memory, 

and inhibitory control are measured in a sample of older adults as well.   

Measures used to assess the application of Selection, Optimization, and Compensation: 

Interview questions 
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To address the research question pertaining to strategies employed by older adults, an 

open ended question was answered through a brief interview following the administration of the 

HTKS. The question is designed to assess whether the older adults strategize to potentially 

compensate for their slower processing speed or greater difficulty answering the prompts. 

Understanding strategic approaches to performing at a high level on a task can also provide 

initial evidence of ways older adults continue to develop. Additionally, feedback questions were 

included to gather participant reactions to the HTKS task and whether or not they would be 

interested in taking part in any future studies utilizing the HTKS in similar capacity or as an 

appliance on a tablet computer. 

Brief Interview  

A brief, paper-based interview immediately followed the HTKS administration. 

Participants were instructed to write as much or as little as they would like to questions regarding 

their experience with the HTKS. The three questions in the interview included an open-ended 

strategy question, and two feedback questions regarding future interest in studies with the HTKS 

(see Appendix 5). The feedback questions were not meant for analytical purposes. However, the 

open-ended strategy question was administered to answer Research Question 3 and received 

coding, description-based and inferential analyses.  

Open-Ended Strategy Question 

 Participants were instructed to write as much or as little as they would like to a question 

regarding their experience with the HTKS. The question asks, “What were the difficulties you 

faced when taking the test? Did you come up with any kind of strategy to help yourself 

remember which rules to follow? Please describe any potential strategy used, whether or not it 

worked, and why you used it in the space below.” Coding was completed by the student 
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researcher to better understand the participants’ responses, identify examples of potential SOC-

related strategies and to analyze strategy use in relation to HTKS performance. Coding involved 

reading each participant response and quantifying the use of strategies utilizing elective 

selection, loss-based selection, optimization, compensation, memory/remembering tactics, or 

other strategies. Identifying SOC-related strategies was done by comparing participant responses 

to the SOC subscale definitions and 48-item SOC Questionnaire (Freund & Baltes, 2002). We 

also quantified whether or not participants mentioned difficulty completing the HTKS. 

Dichotomous variables were created for mentioned difficulty, use of elective selection, use of 

loss-based selection, use of optimization, use of compensation, use of memory/remembering 

tactics, and/or use of other strategies. Additionally, a total SOC-related strategy use sum score 

was created that combined all uses of elective and loss-based selection, optimization, and 

compensation. Participants were either scored a 0 (no SOC-related strategy use), 1 (at least one 

use of SOC-related strategies), 2 (at least two uses of SOC-related strategies) or 3 (at least three 

uses of SOC-related strategies). Poor reliability was found for this sum score of SOC-related 

strategy use during the HTKS administration (α = .19). 

Selection, Optimization, and Compensation Questionnaire – Short Version.  

The use of elective selection, loss-based selection, optimization, and compensation 

(SOC) was measured by the short version of the Selection, Optimization, and Compensation 

Questionnaire (Baltes, Baltes, Freund, & Lang, 1995; see Appendix 6). This 12-item self-report 

measure uses a forced-choice format that presents participants with two statements representing 

two fictional Persons A and B, one statement that describes a SOC process, and one statement 

that describes a strategy unrelated to SOC processes (see Appendix 6). Participants select the 

statement that is most similar to them. There are 3 items for each subscale of the SOC model 
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(elective selection, loss-based selection, optimization, and compensation). An example item for 

compensation is “When things don’t go as well as they used to, I keep trying other ways of doing 

it until I can achieve the same result I used to.” Total scores for each subscale range from 0 – 3 

and indicate the degree in which the participant exhibits the particular SOC subscale; a higher 

score suggests a greater use of the processes. Additionally, a composite score ranging from 0 – 

12 is derived by adding up all scores from the four subscales and indicates an overall use of SOC 

processes. Freund and Baltes (1998) suggested good psychometric validity of this short form by 

providing correlations from each subscale with the three unique factors from an exploratory 

factor analysis, the Selection factor (r = .82), the Optimization factor (r = .72), and the 

Compensation factor (r = .65). In the present study, questionable reliability was found for the the 

SOC overall scale (α = .63) and poor reliability for individual SOC subscales (αs = .43 - .59).  

Due to time constraints and efforts to keep the protocol within an hour for each 

participant, we selected the 12-item SOC questionnaire in the interest of brevity. Research 

question 3 is supplementary to research question 1, leading us to prioritize faster administration 

so that participants were not overwhelmed by a lengthy protocol. The psychometric validity 

demonstrated by the short form’s subscales correlating with Selection, Optimization, and 

Compensation factors from an exploratory factor analysis (Freund & Baltes, 1998) supported its 

inclusion in the study protocol.   

Measures used to assess aspects associated with construct validity (convergent and discriminant 

validity): 

NIH Toolbox: Cognition Battery (NIHTB-CB) 

The Cognition Battery from the NIH Toolbox for the Assessment of Neurological and 

Behavioral Function (NIHTB-CB; www.nihtoolbox.org) was used as the battery of EF tasks used 
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to compare measurements with the HTKS and determine convergent validity. This battery of 

psychometrically sound tests developed by the National Institutes of Health contains a set of 

brief, computer-based, royalty-free measures that assess various domains of cognition (Gershon 

et al., 2013). Administration requires a trained examiner administering the tests from a laptop 

with a dual-monitor function. The entire battery consists of 8 tests that measure either attention, 

episodic memory, working memory, language, executive function, or processing speed and are 

nationally normed for ages 3 to 85. For the purposes of this thesis, four tests were administered 

from the battery based on their ability to measure specific aspects of EF. The Dimensional 

Change Card Sort (DCCS) Test was used to measure attentional set shifting (i.e., switching 

attentional focus among multiple task features) and general EF ability. To measure inhibitory 

control and general EF, the Flanker Inhibitory Control and Attention Test was used. To measure 

working memory, the List Sorting Working Memory Test was used. To measure processing 

speed, the Pattern Comparison Processing Speed Task was used. This battery provides 6 

individual scores for each measure, as well as a total summary score.  

The 6 individual scores provided for each measure include a raw score, computed score, 

unadjusted scale score, age-adjusted scale score (adjusts for age), national percentile rank, and 

fully adjusted scale score (adjusts for age, gender, race, ethnicity, and education). For the 

purposes of this thesis, the current study utilized the age-adjusted scores throughout descriptive 

and inferential data analyses. We felt age-adjusted scores were most appropriate for this thesis 

because of the wide range of ages sampled (Range: 60 – 88 years of age). Also, the national 

percentile rank paired with the age-adjusted scores provide useful and easy to understand 

interpretations of the sample’s cognitive ability compared to national norms. Table 15 provides 
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descriptive statistics for raw, unadjusted, age-adjusted, national percentile, and fully adjusted 

scores on each NIHTB task. 

In a validation study of the NIHTB-CB, Weintraub et al. (2013) reported good construct 

validity and discriminant validity for each test, and indicated the Cognition Battery was sensitive 

to age-related differences in cognitive ability from ages 3 - 85.  In another validation study of the 

Flanker Inhibitory Control and Attention Test and the Dimensional Change Card Sorting Test, 

Zelazo et al. (2014) reported adequate to good convergent validity and good discriminant 

validity. Each of the four measures administered are described below. 

NIH Toolbox Dimensional Change Card Sort Test (Attentional Shifting/General 

Executive Function). This test measures the EF ability of attentional set shifting, or the ability to 

switch attentional focus among multiple task features. The test involves matching a target 

stimulus to 1 of 2 option stimuli depending on “shape” or “color” direction words. The direction 

word appears on the screen to indicate to participants which option stimulus to select. 

Participants take 4 minutes on average to complete the 40 total trials. A computer algorithm 

computes the score for this task by combining accuracy and reaction time, with scores ranging 

from 0 to 10. 

NIH Toolbox Flanker Inhibitory Control and Attention Test (Inhibitory 

Control/General Executive Function). This test measures the ability to inhibit one’s attention to 

irrelevant details within the test. Each trial involves an arrow target stimuli in the center of the 

screen that is flanked by similar arrows to the left and right. Participants select which direction 

the central stimulus is pointing via left and right keys on the keyboard. There are congruent trials 

where the flanker arrows point in the same direction as the central arrow, and there are 

incongruent trials where the flanker arrows point in the opposite direction. Participants take 4 
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minutes on average to complete the 40 total trials. A computer algorithm computes the score for 

this task by combining accuracy and reaction time, with scores ranging from 0 to 10.  

NIH Toolbox List Sort Working Memory Test (Working Memory). This test measures 

the ability to process information, store that information in short-term memory, update or 

manipulate that information, and successfully store the newly updated information. The test 

involves two sections where a set of stimuli on the screen is presented to the participant visually 

and orally, 1 at a time. The task requires the participant to report the stimulus items back to the 

examiner in size order, from smallest to largest. Section I presents the same category to the 

participant (e.g., “elephant, dog, tiger” would be correctly repeated as “dog, tiger, elephant.” 

Section II presents two different categories of stimulus items with the instruction to report 

stimuli from one category, then the other category, both from smallest to largest. For example, 

the stimulus items “corn, egg, dog, cherry, elephant, mouse” would be correctly repeated as 

“cherry, egg, corn, mouse, dog, elephant.” The number of stimulus items increases each time a 

successful report occurs up to 7 total items. Participants take 7 minutes on average to complete 

this test. A total score is derived from the number of items correct across all trials.  

NIH Toolbox Pattern Comparison Processing Speed Test (Processing Speed). This test 

measures the amount of information processed under a set amount of time (90 seconds). The test 

consists of participants determining whether 2 visual stimuli are the “same” (left arrow key 

corresponding to “Yes”) or “not the same” (right arrow key corresponding to “No”). Participants 

have 90 seconds to answer as many items as they can up to 130 items. A total score is derived 

from the number of items correct across all trials. 
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NIH Toolbox Fluid Cognition Composite Score. The Fluid Cognition variable is a 

composite score computed by the student researcher and comprised of the sum of scores on the 

NIH Toolbox Flanker, List Sorting, DCCS, and Pattern Comparison tasks.  

Measure used to assess discriminant validity: 

Positive and negative affect. Discriminant validity was assessed by the Positive and 

Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen, 1988, see Appendix 8). 

Discriminant validity was determined by comparing scores on the HTKS with seemingly 

unrelated constructs, positive affect (PA) and negative affect (NA). This 20-item subjective 

measure of feelings and emotions includes 10 items assessing positive affect (e.g., “excited,” 

“inspired,” “proud”) and 10 items assessing negative affect (e.g., “distressed,” “hostile,” 

“afraid”). Participants are asked to “indicate to what extent you have felt this way today.” 

Answered on a 5-point Likert-type scale, the PANAS ranges from 1 (very slightly or not at all) 

to 5 (extremely). Scores range from 10 – 50 for the PA scale and the NA scale. Adding up the 10 

PA items provides the participant’s level of PA, higher scores indicate higher PA. Adding up the 

10 NA items provides the participant’s level of NA, lower scores indicate lower NA. Crawford 

and Henry (2004) reported good internal consistency for both the PA (α = .89) and NA (α = .85) 

scales. In the current study, the PANAS demonstrated good internal consistency for both the PA 

(α = .84) and NA (α = .81) scales. 

Measure used to assess individual characteristics: 

Personality traits. Personality traits were measured by the Ten Item Personality 

Inventory (TIPI; Gosling, Rentfrow, & Swann, 2003, see Appendix 9), a brief 10-item measure 

of the five dimensions of personality traits that uses adjectives associated with each trait. This 

10-item inventory has 2 items for each trait (extraversion, agreeableness, conscientiousness, 
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emotional stability, openness to experience). An example reverse-scored item for 

conscientiousness is “Disorganized, careless.” Answered on a 7-point Likert-type scale, the TIPI 

ranges from 1 (disagree strongly) to 7 (agree strongly). Total scores for each traits subscale 

indicate the degree in which the participant exhibits the trait; a higher score suggests a greater 

display of the trait. Gosling et al. (2003) reported good convergent validity (mean r = .77) with 

the 44-item Big Five Inventory (BFI; John, Donahue, & Kentle, 1991) and substantial test-retest 

reliability (mean r = .72). In the current study, the TIPI demonstrated poor to acceptable 

reliability across personality trait subscales (αs = .32 - .73). Due to the two item nature of these 

TIPI subscales, subsequent analyses were conducted between HTKS variables and individual 

TIPI items to see if one specific item was driving the association more than the other.  

Similar to the rationale used for selecting the 12-item SOC questionnaire, due to time 

constraints and efforts to keep the protocol within an hour for each participant, we selected the 

TIPI in the interest of brevity. Research question 2 is supplementary to research question 1, 

leading us to prioritize faster administration so that participants were not overwhelmed by a 

lengthy protocol. The TIPI’s convergent validity demonstrated by significant correlations with 

the 44-item BFI (Gosling et al., 2003) supported its inclusion in the study protocol.   

3.3 Procedure 

 After institutional review board approval (IRB Protocol #6983) and recruitment, 

interested participants were contacted by the principal investigator to schedule a one-hour block 

of testing. The study took place in a research office with neutral walls and minimal distractions. 

Participants were given an informed consent form providing a general overview of the study and 

their rights, followed by a demographic form, the BRFSS, and the SF-12 Health Survey. The 

HTKS was administered next. While the measure is designed for the participant to stand up, if 
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the participant indicates sitting down is a necessity, a seated administration option was offered. 

Three participants sat down during task administration. The brief interview form was answered 

next asking the participant to explain any strategies used when taking the HTKS measure. The 

SOC Questionnaire followed in paper format. The NIHTB-CB was administered next, with 

specific measures in this order: computerized demographic form collecting highest level of 

education (ranging from 12th grade to doctorate degree), Dimensional Change Card Sort (DCCS) 

Test, Flanker Inhibitory Control and Attention Test, List Sort Working Memory Test, and Pattern 

Comparison Processing Speed Test. A paper format of the PANAS was administered. The final 

measure of the study was the TIPI in paper format. 

 After data collection was complete, we proceeded with data entry using Stata LC13 

statistical software (StataCorp, 2013) for quantitative data and Word processing for the open-

ended question’s transcription (verbatim). A quantitative data quality check was conducted to 

ensure data was entered accurately into Stata. A simple random sample (SRS) of 10 participants 

out of the total sample of 150 older adults were selected using a random numbers table. The data 

entry for the SRS completed by the student researcher was compared to the data entry for the 

SRS completed by a fellow graduate student. Out of 2,328 total keystrokes between the student 

researcher and fellow graduate student, 4 mismatches/errors were found, producing a <1% error 

rate in keystrokes. We considered this sufficient data entry quality.  
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Table 1. Demographics of Sample, N = 150 
 

Variable 
 

N 
 

Percent 
 

M (SD) 
 

Range 

Age   68.55 (6.34) 60 – 88 
60 – 69 99 66%   
70 – 79 41 27.33%   
80 – 88 10 6.67%   

Gender     
Female 108 72%   
Male 40 26.67%   
Missing 2 1.33%   

Race     
African American 1 0.67%   
Asian 2 1.33%   
Caucasian 143 95.33%   
Native, Hawaiian, or Other Pacific Islander 1 0.67%   
Other 2 1.33%   
Missing 1 0.67%   

Ethnicity     
Hispanic or Latino/Latina 1 0.67%   
Not Hispanic or Latino/Latina 144 96%   
Missing 5 3.33%   

Marital Status     
Married 93 62%   
Divorced 25 16.67%   
Single 16 10.67%   
Widowed 15 10%   
Missing 1 0.67%   

Educationa     
12th grade – High School graduate 4 2.67%   
Some college – Associates degree 25 16.67%   
Bachelor’s Degree 58 38.67%   
Master’s Degree 44 29.33%   
Professional Degree – Doctorate Degree 19 12.67%   

Reported Subjective Memory Lossb 31 20.67%   
Self-rated Physical Healthc   50.31 (7.53) 24.82 – 62.28 
Self-rated Mental Healthd   53.42 (6.90) 31.42 – 64.33 

Note. aEducation was collapsed into 5 categories. The complete list of education levels includes 12th 
grade, High School graduate, Some college but less than 1 year, One or more years of college no 
degree, Associate’s degree, Bachelor’s degree, Master’s degree, Professional degree, Doctorate 
degree.  
bReported Subjective Memory Loss includes the participants that self-reported confusion or memory 
loss that is happening more often or is getting worse during the past 12 months. 
cSelf-rated Physical Health is derived from the SF-12 Health Survey and can be compared to the 
general US population (M=50, SD=10).  
dSelf-rated Mental Health is derived from the SF-12 Health Survey and can be compared to the 
general US population (M=50, SD=10). 
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Table 15. Descriptive Statistics for NIHTB-CBa  
 

Variable 
 

M(SD) 
 

Range 

DCCS (Attention)   
Raw 29.15 (1.27) 22 – 30 
Computed 7.82 (0.71) 4 – 9.57 
Unadjusted 103.95 (7.82) 85.01 – 128.19 
Age Adjusted 109.63 (9.62) 78.30 – 130.83 
National Percentile 70.71 (19.42) 7.3 – 98 
Fully Adjusted 104.07 (9.78) 76.2 – 125.44 

Flanker (Inhibitory Control)   
Raw 19.98 (0.14) 19 – 20  
Computed 7.99 (0.53) 6.42 – 9.24 
Unadjusted 98.23 (5.25) 87.35 – 115.08  
Age Adjusted 100.47 (9.29) 79.15 – 124.72 
National Percentile 50.71 (21.39) 8.2 – 95.1 
Fully Adjusted 95.73 (8.53)  76.19 – 119.85 

List Sorting (Working Memory)   
Raw 17.21 (2.48) 10 – 24  
Computed N/A N/A 
Unadjusted 106.08 (9.45) 84.63 – 133.93 
Age Adjusted 112.26 (12.04) 76.17 – 141.57 
National Percentile 74.25 (22.70) 5.6 – 99.7 
Fully Adjusted 106.95 (12.69) 70.35 – 135.79 

Pattern Comparison (Processing Speed)   
      Raw 51.43 (12.18) 4 – 88  

Computed N/A N/A 
Unadjusted 100.42 (14.14) 51.62 – 150.84 
Age Adjusted 105.53 (19.11) 47.05 – 147.97 
National Percentile 59.43 (32.58) 1 – 99.90  
Fully Adjusted 101.62 (19.18) 45.59 – 146.23 

Fluid Cognition (Composite)   
      Raw N/A N/A 
      Computed N/A N/A 
      Unadjusted 102.17 (6.67) 83.26 – 124.76 
      Age Adjusted 106.97 (8.57) 79.21 – 127.97 
      National Percentile 63.77 (16.38) 17.08 – 94.03 
      Fully Adjusted 102.09 (8.60) 75.09 – 122.86 

Note. aNIHTB = National Institutes of Health Toolbox – Cognition Battery (www.nihtoolbox.org). 
DCCS = Dimensional Change Card Sort Task = a measure of attention. Flanker Task = a measure of 
inhibitory control and attention. List Sorting Task = a measure of working memory. Pattern 
Comparison = a measure of processing speed. Fluid Cognition is a composite score comprised of the 
sum of scores on the DCCS, Flanker, List Sorting, and Pattern Comparison tasks.  
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Figure 2. Histogram of HTKS Total Score 

Note. The histogram of HTKS total score demonstrates the little variation in scores and 
negatively skewed (left-skewed) distribution suggesting a ceiling effect. 
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Figure 3. Histogram of HTKS Completion Time 

Note. The histogram of HTKS completion time demonstrates the greater variability compared to 
HTKS total score and traces of mild positive skewness (right-skewed distribution).  
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4. Results 

4.1 Descriptive Statistics 

Descriptive statistics are reported for all primary variables in the analyses (see Table 2). 

The mean total score on the HTKS was 57.03 (SD = 4.42, Range = 34 – 60). The mean HTKS 

completion time was 4 minutes and 43 seconds, or 283.07 seconds (SD = 29.91, Range = 236.25 

– 413.10). The age-adjusted NIHTB scores in Table 2 correspond to national percentile ranks 

derived from comparing the current sample’s scores to a NIHTB national norming study. On 

average, the current sample performed better than 70.71% of the NIHTB norming study 

participants on the DCCS task, 50.71% on the Flanker task, 74.25% on the List Sorting task, 

59.43% on the Pattern Comparison task, and 63.77% on the Fluid Cognition composite score. 

Table 15 provides descriptive statistics for raw, unadjusted, age-adjusted, national percentile, and 

fully adjusted scores on each NIHTB task. Participants reported higher levels of positive affect 

(M = 36.68, SD = 5.65) than negative affect (M = 13.27, SD = 3.57). With regard to the SOC 

strategy use questionnaire, participants exhibited more optimization (M = 2.35, SD = .89) and 

loss-based selection (M = 1.88, SD = .98) processes than compensation (M = 1.65, SD = 1.0) and 

elective selection (M = .94, SD = .97). With regard to the TIPI, participants exhibited high levels 

of all five personality traits, with higher mean levels of conscientiousness (M = 5.97, SD = 1.01) 

and openness (M = 5.60, SD = 1.02) than emotional stability (M = 5.07, SD = 1.10), 

agreeableness (M = 5.05, SD = 1.07), and extraversion (M = 4.46, SD = 1.46). Both the self-

reported mental health (M = 53.42, SD = 6.90) and physical health (M = 50.31, SD = 7.53) of the 

current sample are slightly better than the general US population (M = 50, SD = 10; Ware et al., 

1995, p. 23). 

4.2 Analytical Results Organized by Research Question 
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Research Question 1. What are the psychometric properties of the HTKS when used in older 

adults? Does the HTKS appear to operate the same way as it does in children? 

 Good internal consistency was demonstrated by Cronbach’s alpha level interpretation of 

the overall HTKS task (α = .84) and its inter-item α range (.82 – .84).  

In addition to reliability assessment, we assessed the construct validity of the HTKS by 

investigating convergent validity (See Table 4) and discriminant validity (See Table 5). Since 

adapting the HTKS to a new population carries uncertainty with the direction of associations, 

analyses assessing convergent and discriminant validity were two-tailed. Bivariate correlations 

between the HTKS variables (total score and completion time) and individual scores on the 

NIHTB were used to assess convergent validity. Per Cohen (1992), an r of .10 to .30 indicates a 

small to medium effect size, .30 to .50 indicates a medium to large effect size, and .50 and larger 

indicates a large effect size. Pearson’s r correlations showed significant positive associations 

between HTKS total score and Pattern Comparison (r = 0.24, p = 0.0034), DCCS (r = 0.17, p = 

0.04), and Fluid Cognition composite (r = 0.20, p = 0.02). Specifically, higher scores on the 

HTKS are associated with higher scores on the Pattern Comparison task, DCCS task, and Fluid 

Cognition composite. HTKS total score was not associated with the Flanker task (r = .07, p > 

.05) or List Sorting task (r = -.01, p > .05).  

Pearson’s r correlations showed significant negative associations between HTKS 

completion time and Pattern Comparison (r = -0.30, p < .001), DCCS (r = -0.21, p = 0.009), 

Flanker (r = -0.20, p = 0.01), and Fluid Cognition composite (r = -0.32, p < .001). Specifically, 

taking longer to complete the HTKS is associated with lower scores on the Pattern Comparison 

task, DCCS task, Flanker task, and Fluid Cognition composite. HTKS completion time was not 

associated with the List Sorting task (r = -.10, p > .05).  
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Bivariate correlations between the HTKS variables (total score and completion time) and 

postive and negative affect were used to assess discriminant validity. HTKS total score was not 

associated with positive affect (r = .01, p > .05) or negative affect (r = .10, p > .05). HTKS 

completion time was not associated with positive affect (r = .01, p > .05) or negative affect (r = 

.04, p > .05). 

These results indicate that the HTKS was associated with constructs hypothesized to be 

related to it, such as cognitive and EF tasks, showing strong convergent validity. Importantly, the 

HTKS was not related to constructs thought to be conceptually unrelated to the HTKS, thus 

indicating good discriminant (or divergent) validity as well.  

Research Question 2. Are there specific personality traits that are linked to better HTKS 

performance? 

Initial bivariate correlations between HTKS variables (total score and completion time) 

and personality traits were used to determine which traits warranted inclusion in multiple 

regression analyses (See Table 6). Due to our a priori hypotheses, analyses with emotional 

stability, openness, and agreeableness were one-tailed because a direction of association was 

specified. Analyses with conscientiousness and extraversion were two-tailed because a direction 

of association was not specified in exploratory hypotheses. Emotional stability and 

conscientiousness were significantly associated with HTKS completion time. Specifically, 

conscientiousness negatively correlated with HTKS completion time (r = -.16, p = 0.0463), and 

emotional stability negatively correlated with HTKS completion time (r = -.14, p = .04). 

Agreeableness was significantly associated with HTKS total score. Specifically, agreeableness 

negatively correlated with HTKS total score (r = -.14, p = 0.0484). HTKS completion time was 

not related to openness (r = .04, p>.05), extraversion (r = .001, p>.05), or agreeableness (r = -.03, 
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p>.05). HTKS total score was not related to openness (r = .01, p>.05), conscientiousness (r = -

.01, p>.05), extraversion (r = -.02, p>.05), or emotional stability (r = -.06, p>.05). These non-

significant associations did not warrant further analyses.  

Multiple regression analyses were conducted to determine the extent to which 

conscientiousness, emotional stability, and agreeableness related to better or poorer HTKS 

performance. With HTKS completion time as the outcome, the first set of regression analyses 

investigated conscientiousness as its predictor (See Table 8). Model 1 included conscientiousness 

as the sole predictor of HTKS completion time and explained 2% of the variance, (Adj. R2 

change = .02, F(1, 148) = 4.04, p< .05). Conscientiousness significantly predicted lower HTKS 

completion time, b = -4.81, SE = 2.40, p = .046. Prior to adjusting for demographic variables, 

higher levels of conscientiousness related to a 4.81 second decrease in HTKS completion time 

(or -.16 SD). Model 2 included demographic variables, followed by conscientiousness, and 

explained 11% of the variance (Adj. R2 change = .11, F(6 , 141) = 4.14, p < .05). After adjusting 

for demographics, conscientiousness did not predict HTKS completion time, b = -3.19, SE = 

2.35, p > .05. Covariates included age, gender, race (dichotomized as white=0, other=1), marital 

status (dichotomized as married=0, unmarried=1), and education level. 

A second set of regression analyses was conducted to see if higher levels of emotional 

stability was related to better HTKS performance as measured by faster HTKS completion time 

(See Table 9). Model 1 included emotional stability as the sole predictor of HTKS completion 

time and explained 1% of the variance, (Adj. R2 change = .01, F(1, 148) = 3.04, p < .05). 

Emotional stability significantly predicted lower HTKS completion time, b = -3.85, SE = 2.21, p 

= .046). Model 2 included demographic variables, followed by emotional stability, and explained 

13% of the variance (Adj. R2 change = .13, F(6 , 141) = 4.76, p < .001). After adjusting for 
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demographics, emotional stability continued to predict HTKS completion time, b = -4.70, SE = 

2.09, p = .01. Covariates included age, gender, race (dichotomized as white=0, other=1), marital 

status (dichotomized as married=0, unmarried=1), and education level. After adjusting for 

demographic variables, higher levels of emotional stability related to a 4.70 second decrease in 

HTKS completion time (or -.17 SD). 

A third set of regression analyses was conducted to see if higher levels of agreeableness 

was related to poorer HTKS performance as measured by lower HTKS total scores (See Table 

10). Model 1 included agreeableness as the sole predictor of HTKS total score and explained 1% 

of the variance, (Adj. R2 change = .01, F(1, 148) = 2.79, p < .05). Agreeableness significantly 

predicted lower HTKS total score, b = -.56, SE = .33, p = .049). Prior to adjusting for 

demographic variables, higher levels of agreeableness related to a 0.56-point decrease in HTKS 

total score (or -.14 SD). Model 2 included demographic variables, followed by agreeableness, 

and explained 6% of the variance (Adj. R2 change = .06, F(6 , 141) = 2.46, p < .05). After 

adjusting for demographics, agreeableness did not predict HTKS total score, b = -.42, SE = .35, p 

> .05. Covariates included age, gender, race (dichotomized as white=0, other=1), marital status 

(dichotomized as married=0, unmarried=1), and education level. Thus, only one of the big 5 

personality traits, emotional stability (inverse of neuroticism), was significant in predicting the 

HTKS, when demographic variables were included in the equation. 

Due to the two item nature of the TIPI subscales, subsequent bivariate correlations 

between HTKS variables and individual TIPI items were used to determine if single personality 

trait items warranted inclusion in multiple regression analyses (See Table 7). The reverse coded 

item “Disorganized, Careless” (Conscientiousness) negatively correlated with HTKS completion 

time (r = -.17, p = 0.03). The reverse coded item “Critical, Quarrelsome” (Agreeableness) 



 51 

negatively correlated with HTKS total score (r = -.20, p = 0.007). HTKS completion time was 

not related to  “Open to New Experiences, Complex” (Openness; r = .02, p>.05), reverse coded 

“Conventional, Uncreative” (Openness; r = .04, p >.05), “Dependable, Self-Disciplined” 

(Conscientiousness; (r = -.07, p>.05), “Extraverted, Enthusiastic” (Extraversion; r = .06, p >.05), 

reverse coded “Reserved, Quiet” (Extraversion; r = -.06, p >.05), reverse coded “Critical, 

Quarrelsome” (Agreeableness; r = .001, p>.05),  “Sympathetic, Warm” (Agreeableness; r = -.06, 

p >.05), reverse coded “Anxious, Easily Upset” (Emotional Stability; r = -.17, p >.05), or “Calm, 

Emotionally Stable” (Emotional Stability; r = -.06 p >.05). HTKS total score was not related to 

“Open to New Experiences, Complex” (Openness; r = .09, p>.05), reverse coded “Conventional, 

Uncreative” (Openness; r = -.05, p >.05), “Dependable, Self-Disciplined” (Conscientiousness; (r 

= .06, p>.05), reverse coded “Disorganized, Careless” (Conscientiousness; r = -.06, p >.05), 

“Extraverted, Enthusiastic” (Extraversion; r = -.02, p >.05), reverse coded “Reserved, Quiet” 

(Extraversion; r = -.02, p >.05), (r = .001, p>.05), “Sympathetic, Warm” (Agreeableness; r = .04, 

p >.05), reverse coded “Anxious, Easily Upset” (Emotional Stability; r = -.02, p >.05), or “Calm, 

Emotionally Stable” (Emotional Stability; r = -.10 p >.05). These non-significant associations 

did not warrant further analyses. 

Subsequent multiple regression analyses were conducted to determine the extent to which 

the reverse coded items “Disorganized, Careless” (Conscientiousness) and “Critical, 

Quarrelsome” (Agreeableness) related to better or poorer HTKS performance. With HTKS 

completion time as the outcome, the first additional set of regression analyses investigated the 

reverse coded item “Disorganized, Careless” (Conscientiousness) as its predictor (See Table 11). 

Model 1 included the individual item as the sole predictor of HTKS completion time and 

explained 2% of the variance, (Adj. R2 change = .02, F(1, 148) = 4.63, p< .05). The individual 
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conscientiousness item predicted lower HTKS completion time, b = -3.59, SE = 1.67, p = .03. 

Model 2 included demographic variables, followed by the individual item, and explained 13% of 

the variance (Adj. R2 change = .13, F(6 , 141) = 4.56, p < .05). After adjusting for demographics, 

the individual conscientiousness item continued to predict HTKS completion time, b = -3.21, SE 

= 1.60, p = .047. Covariates included age, gender, race (dichotomized as white=0, other=1), 

marital status (dichotomized as married=0, unmarried=1), and education level. After adjusting 

for demographic variables, higher levels of the reverse coded individual conscientiousness item 

“Disorganized, Careless” related to a 3.21 second decrease in HTKS completion time (or -.16 

SD). 

The final set of additional regression analyses investigated if the reverse coded item 

“Critical, Quarrelsome” (Agreeableness) was related to poorer HTKS performance as measured 

by lower HTKS total scores (See Table 12). Model 1 included the individual item as the sole 

predictor of HTKS total score and explained 3% of the variance, (Adj. R2 change = .03, F(1, 

148) = 6.31, p < .05). The individual agreeableness item significantly predicted lower HTKS 

total score, b = -.54, SE = .21, p = .007). Model 2 included demographic variables, followed by 

the individual item, and explained 7% of the variance (Adj. R2 change = .07, F(6 , 141) = 2.78, p 

< .05). After adjusting for demographics, the individual agreeableness item continued to predict 

lower HTKS total score, b = -.44, SE = .23, p = .04. Covariates included age, gender, race 

(dichotomized as white=0, other=1), marital status (dichotomized as married=0, unmarried=1), 

and education level. After adjusting for demographic variables, higher levels of the reverse 

coded individual agreeableness item “Critical, Quarrelsome” related to a .41-point decrease in 

HTKS total score (or -.15 SD). 
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These results indicate that specific personality traits are related to better HTKS 

performance. Emotional stability (inverse of neuroticism) and an individual conscientiousness 

item related to better HTKS performance as measured by HTKS completion time. After 

adjusting for demographic variables, higher levels of emotional stability and conscientiousness 

were associated with faster HTKS completion times. In addition, an individual agreeableness 

item related to worse HTKS performance as measured by HTKS total score. After adjusting for 

demographic variables, higher levels of agreeableness were associated with lower HTKS total 

scores.  

Research Question 3. Do older adults strategize when performing the HTKS? 

Description-based and inferential analyses on the open ended strategy question 

After coding participant responses on the open ended strategy question, description-based 

analysis showed 81% of the current sample mentioned difficulty while completing the HTKS, 

and 84% indicated use of some kind of strategy (See Table 3). Of these 126 strategizing 

participants, 21% indicated use of memory or remembering tactics, 48% demonstrated non SOC-

related strategies, and 36% employed SOC related strategies. In regard to use of specific SOC 

processes, 13% demonstrated loss-based selection, 6% demonstrated optimization, and 19% 

demonstrated compensation. No evidence of elective selection was found.  

Initial bivariate correlations between HTKS variables (total score and completion time) 

and HTKS strategy use were used to determine which strategy variables warranted inclusion in 

multiple regression analyses (See Table 13). Due to the exploratory nature of this open-ended 

question, analyses with HTKS strategy variables were two-tailed because a direction of 

association was not specified. Compensation use and SOC total use were significantly associated 

with HTKS total score and HTKS completion time. Specifically, compensation use positively 
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correlated with HTKS total score (r = .21, p = 0.01) and SOC total use positively correlated with 

HTKS total score (r = .19, p = 0.02). Compensation use negatively correlated with HTKS 

completion time (r = -.19, p = 0.02) and SOC total use negatively correlated with HTKS 

completion time (r = -.21, p = 0.01). However, the relationships between HTKS performance 

(total score and completion time) and use of compensatory strategies and total SOC use diminish 

to non-significance when adjusting for demographic variables in a regression framework. 

No significant associations were found between HTKS Total Score and use of loss-based 

selection, optimization, memory/remembering tactics, and other strategies (rs ranged from -.08 

to .10, ps > .05). In addition, no significant associations were found between HTKS completion 

time and use of loss-based selection, optimization, memory/remembering tactics, and other 

strategies (rs ranged from -.08 to -.03, ps > .05). These non-significant associations did not 

warrant any further analyses. 

Examples of Strategies Employed by Participants 

Examples of strategies employed by participants included dividing the body into 

quadrants and employing a top-bottom method of linking body parts (see Figure 4), verbalizing 

(speaking answers out loud), repetition/anchoring, visualization of prompts and answers, parallel 

association, logical pairing by spatial positioning on the body, picturing or envisioning items that 

went together as opposites, dividing two pairs instead of four separate pairs, neural linguistic 

programming, and avoiding eye contact when answering prompts. Figure 4 depicts the top-

bottom method employed by eight participants for Part 3 of the HTKS administration. It appears 

to describe the participant dividing the body into two halves. The participant related the 

uppermost body part from the top half (head) to the uppermost body part from the bottom half 

(knees). This created the subsequent pairing between the lowermost body part from the top half 
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(shoulders) to the lowermost body part from the bottom half (toes). Similar to other strategies 

discussed below, implementation of this top-bottom method suggests participants are utilizing 

compensatory strategies to aid in HTKS performance as the tasks increases in difficulty. 

Most of the strategies listed above were employed as the HTKS task became more 

difficult, especially during Part 3 (e.g., dividing the body into quadrants and splitting the body 

into two halves). Utilizing the open-ended strategy question as an application of the SOC 

theoretical model provided context-specific examples of loss-based selection, optimization, and 

compensation developmental regulation processes. Loss-based selection involves initiating goals 

or outcomes as a result of gains or losses of functioning. Individuals who employ loss-based 

selection tend to concentrate only on essential information when they cannot perform as well as 

before. One participant “kept thoughts in groups of 2 when got to 4 tasks”, while another 

participant “quit looking at experiment administrator and started looking at the boring floor.” 

Another participant that expanded on a body division strategy explained, “In the last part of the 

test, using head, shoulders, knees and toes, I divided the test into 2 pairs, head/knees, 

shoulders/toes. It was easier to remember 2 pairs than 4 separate parts.” These participants are 

demonstrating loss-based selection because they are minimizing the distractors around them so 

they can focus their attention on the primary goal of performing well on the HTKS. For example, 

another participant said, “Looking at the ground vs. directly at Eric helped me concentrate.” 

Devising strategies to group (two groups of two rather than four) is a strategy that can be helpful 

for memory as well.  

Optimization involves determining desired outcomes and ways to achieve success, 

including both active and passive processes aimed at facilitating goal achievement. One 

participant employed optimization via an anchoring strategy, indicating an attempt to 
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“concentrate more and anchor memories of correlations.” Anchoring initial task instructions 

required specific attentional focus to initial task instructions, which subsequently allowed the 

participant to minimize the additional information added as the task progressed and maximize 

task performance. Another participant recalled the worries the task presented, and ways in which 

optimization assisted task completion. The participant wrote, “As it got more complicated I 

worried about remembering the instruction. … I just tried to focus and to not rush myself. I also 

tried to not get nervous and reminded myself that I could take a second or so after the instruction 

to remember the correct response.” It is clear that performing well was this participant’s primary 

goal, and continued focus allowed the participant to optimize performance.  

Compensation involves the response to the loss of goal-related abilities. In the context of 

the HTKS, individuals who find Part 3’s switched rules particularly difficult may benefit from 

openness to try other ways of strategizing. Compensatory strategies were utilized by 19% of the 

sample, and many involved abandoning an initial strategy that was of no use anymore, and 

adopting a new strategy that assisted in answering Part 3’s rule paradigm. For example, one 

participant wrote, “Once the test was changed to x-over from my first strategy I had to think on 

the fly to develop a new strategy: Strategy 1: Position of Head/Shoulders/Knees Toes was 

simply upside down – i.e. “standing on my head.” Strategy 2: Follow-up strategy: Took at least 

3 – 4 interactions to figure out: Using the sound of the first part of the word then exclusion… 

[Knees = noggin (head)]. [Shoulders = shoes (feet)]. [Toes = Top (of shoulders)]. Head = not top 

not shoes not noggin].” This participant acknowledged a change in strategy would benefit task 

performance and devised a new approach for assistance. Similarly, another participant wrote, “In 

last section, I had to modify my strategy to “same distance”, i.e. head and knees were associated, 

and shoulders and toes were associated.”  
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One participant exemplified use of loss-based selection, optimization, and compensation. 

The participant began the open-ended question by acknowledging difficulty completing the task, 

as the participant wrote, “Nerves about being able to complete the task.” This concern was 

followed by minimizing distractions through loss-based selection, as the participant wrote, “It 

helped me to close my eyes to just listen and limit stimuli.” Optimization occurs with the 

application of subsequent strategies to address the worries surrounding HTKS performance. The 

participant explains the first strategy by writing, “First phase strategy was to think opposites, 

distal (head toes) vs. medial (shoulders knees).” Once the task switched to the rules paradigm in 

Part 3, the participant was open to adopting a new strategy, exemplifying compensation 

processes. The participant explains, “The 2nd phase I thought about upper/lower… head/knees 

(upper) and shoulders/toes (lower).” This participant demonstrates the ability to employ SOC 

developmental regulation processes to assist in completion of an EF task.  

While 84% of the sample employed some kind of strategy, some participants found 

themselves unable to develop or employ any SOC strategies. One participant wrote, “When all 

four options were in play, I could not think fast enough to recall how to respond. I should have 

slowed my response to give recall more of a chance, or paired the items better in my head before 

beginning… but I didn’t…” This participant recognized the need to slow responses or pair items 

more effectively, but was unable to properly execute these strategies. Another participant 

expressed difficulty with Part 3 by writing, “Third was harder. Needed to keep focus on 

remembering which two points went together. I didn’t focus enough in getting it first only in 

mind.” This inability to employ a strategy suggests there is a certain amount of cognitive 

resources necessary to employ SOC developmental regulation processes (explained further by 

Freund &Baltes, 2002).  
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 Relationships between SOC-related strategy use on the HTKS and SOC Questionnaire 

 Table 14 displays bivariate correlation analyses conducted to determine if the coded 

SOC-related strategy use variables were associated with the SOC questionnaire (Baltes et al., 

1995). Due to the exploratory nature of the open-ended strategy question, analyses with HTKS 

strategy variables were two-tailed because a direction of association was not specified. Use of 

compensatory strategies on the HTKS positively correlated with SOC Compensation subscale (r 

= .19, p = .02) and SOC total score (r = .18, p = .03). In other words, utilizing compensatory 

strategies while completing the HTKS was associated with higher levels of self-reported use of 

SOC compensation and total SOC use as measured by the SOC questionnaire. No other 

significant associations were found between coded HTKS strategy variables and SOC 

Questionnaire subscales and total score (rs ranged from -.13 to .15, ps > .05). 

Relationships between HTKS performance and SOC Questionnaire  

In addition to analyzing the open-ended question, we investigated the potential relationships 

between self-reported use of SOC processes (SOC Questionnaire; Baltes et al., 1995) and HTKS 

performance. Initial bivariate correlations between HTKS variables (total score and completion 

time) and SOC scales were used to determine which SOC subscales warranted inclusion in 

multiple regression analyses (See Table 4). Due to our a priori hypotheses, analyses with SOC 

scales were one-tailed because a direction of association was specified. No significant 

associations were found between HTKS Total Score and SOC scales (rs ranged from -.03 to .05, 

ps > .05). In addition, no significant associations were found between HTKS completion time 

and SOC scales (rs ranged from -.05 to .01, ps > .05). These non-significant associations did not 

warrant further analyses. 
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Table 2. Descriptive Statistics for Analysis Variables 
 

Variable 
 

M(SD) 
 

Range 
 

α 
 

Inter-item α range 

HTKSa     
HTKS Total Score 57.03 (4.42) 34 – 60 0.84 0.82 – 0.84 
HTKS Completion Time (seconds) 283.07 (29.91) 236.25 – 413.10   

NIHTB-CBb     
DCCS (Attention) 109.63 (9.62) 78.30 – 130.83   
Flanker (Inhibitory Control) 100.47 (9.29) 79.15 – 124.72   
List Sorting (Working Memory) 112.26 (12.04) 76.17 – 141.57   
Pattern Comparison (Processing Speed) 105.53 (19.11) 47.05 – 147.97   
Fluid Cognition (Composite) 106.97 (8.57) 79.21 – 127.97   

Positive Affectc 36.68 (5.65) 18 – 48 0.84 0.82 – 0.84 
Negative Affectd 13.27 (3.57) 10 – 30 0.81 0.77 – 0.81 
SOCe 6.83 (2.47) 0 – 12 0.63 0.59 – 0.64 

Selection 2.83 (1.62) 0 – 6 0.59 0.59 – 0.64 
Elective Selection 0.94 (0.97) 0 – 3 0.49 0.19 – 0.69 
Loss-based Selection 1.88 (0.98) 0 – 3 0.43 0.15 – 0.49 
Optimization 2.35 (0.89) 0 – 3 0.56 0.37 – 0.61 
Compensation 1.65 (1.0) 0 – 3 0.43 0.08 – 0.64 

TIPI (Personality traits)f     
Openness 5.60 (1.02) 2.5 – 7 0.35  
Conscientiousness 5.97 (1.01) 2.5 – 7 0.44  
Extraversion 4.46 (1.46) 1 – 7 0.73  
Agreeableness 5.05 (1.07) 2 – 6.5 0.32  
Emotional Stability 5.07 (1.10) 1.5 – 6.5 0.60  

SF-12 Health Surveyg 51.87 (5.14) 28.14 – 58.76 0.81 0.78 – 0.81 
Physical Health 50.31 (7.53) 24.82 – 64.28 0.76 0.71 – 0.73 
Mental Health 53.42 (6.90) 31.42 – 64.33 0.70 0.59 – 0.70 

Note. a HTKS = Head-Toes-Knees-Shoulders Task (HTKS; McClelland & Cameron, 2012), with 
Total and Completion Time (in seconds) scores.  
bNIHTB = National Institutes of Health Toolbox – Cognition Battery (www.nihtoolbox.org). DCCS 
= Dimensional Change Card Sort Task = a measure of attention. Flanker Task = a measure of 
inhibitory control and attention. List Sorting Task = a measure of working memory. Pattern 
Comparison = a measure of processing speed. Fluid Cognition is a composite score comprised of the 
sum of scores on the DCCS, Flanker, List Sorting, and Pattern Comparison tasks.  
cPositive Affect and dNegative Affect = Sub-scales derived from the Positive and Negative Affect 
Schedule (PANAS; Watson, Clark & Tellegen, 1988).  
eSOC = Selection, Optimization, and Compensation – Short Version (Baltes et al., 1995) with sub-
scales including Selection, Elective Selection, Loss-based Selection, Optimization, and 
Compensation.  
fTIPI (Personality traits) = Ten Item Personality Inventory (TIPI; Gosling, Rentfrow, & Swann, 
2003). 
gSF-12 Health Survey = Self-rated health survey with Physical Health and Mental Health subscales 
comparable to the general US population (M=50, SD=10). 
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Table 3. Descriptive Statistics for Open-Ended HTKS Strategy Question, N = 150 
 

Variable 
 

Frequency 
 

Percentage 

Mentioned Difficultya 81 54% 
SOC-Related Strategies Useb 45 36% 
Loss-Based Selection Usec 

Optimization Used 

Compensation Usee 

16 
8 
24 

13% 
6% 
19% 

Memory/Remembering Tacticsf 

Other Strategy Useg 
27 
61 

21% 
48% 

Note. a Mentioned Difficulty = Coded yes if participant’s response mentioned any difficulty while 
completing HTKS.  
bSOC-Related Strategies Use = Coded yes if participant’s strategy indicated any SOC-related 
strategy. 
c Loss-Based Selection Use = Coded yes if participant’s strategy indicated any loss-based selection 
processes. 
dOptimization Use = Coded yes if participant’s strategy indicated any optimization processes. 
eCompensation Use = Coded yes if participant’s strategy indicated any compensatory processes. 
fMemory/Remembering Tactics = Coded yes if participant’s strategy indicated any memory or 
remembering tactic. 
gOther Strategy Use = Coded yes if participant’s response indicated any strategy other than SOC-
related strategies. 
 
 
 
Table 4. Bivariate Correlations Demonstrating Convergent Validity of the HTKS 

 

Variable 
 

1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

7 

1. HTKS Total 1.00       
2. HTKS Timea -.30*** 1.00      
3. DCCSb .17* -.21** 1.00     
4. Flankerc .07 -.20* .51*** 1.00    
5. List Sortingd -.01 -.10 .32*** .08 1.00   
6. Pattern Comparisone .34** -.30*** .28*** .33*** .18* 1.00  
7. Fluid Cognitionf .20* -.32*** .69*** .62*** .57*** .79*** 1.00 

Note. *p < .05.  **p < .01. ***p < .001. 2-tailed. 
aHTKS Completion Time = Total time in seconds to complete the HTKS task. 
bDCCS = NIH Toolbox Dimensional Change Cart Sort Task. 
cFlanker = NIH Toolbox Flanker Inhibitory Control and Attention Task. 
dList Sorting = NIH Toolbox List Sorting Working Memory Task. 
ePattern Comparison = NIH Toolbox Pattern Comparison Processing Speed Task. 
fFluid Cognition = composite score comprised of the sum of scores on the DCCS, Flanker, List 
Sorting, and Pattern Comparison tasks. 
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Table 5. Bivariate Correlations Demonstrating Discriminant Validity of the HTKS 
 

Variable 
 

1 
 

2 
 

3 
 

4 

1. HTKS Total 1.00    
2. HTKS Timea -.30*** 1.00   
3. PAb .01 .01 1.00  
4. NAc .10 .04 -.02 1.00 

Note. *p < .05.  **p < .01. ***p < .001. 2-tailed. 
aHTKS Completion Time = Total time in seconds to complete the HTKS task. 
bPA = Positive Affect. cNA = Negative Affect. Sub-scales derived from the Positive and Negative 
Affect Schedule (PANAS; Watson, Clark & Tellegen, 1988).  

 

Table 6. Bivariate Correlations Between HTKS Variables and TIPIa 

 

Variable 
 

1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

7 

1. HTKS Total 1.00       
2. HTKS Timeb -.30*** 1.00      
3. Openness .01 .04 1.00     
4. Conscientiousness -.01 -.16* .16 1.00    
5. Extraversion -.02 .00 .33*** .09 1.00   
6. Agreeableness -.14* -.03 .12 .16 .12 1.00  
7. Emotional Stability -.06 -.14* -.03 .05 .05 .26** 1.00 

Note. *p < .05.  **p < .01. ***p < .001. Correlation analyses between HTKS variables and openness, 
agreeableness, and emotional stability were 1-tailed. Correlation analyses between HTKS variables 
and conscientiousness and extraversion were 2-tailed.  
aTIPI = Ten Item Personality Inventory (TIPI; Gosling, Rentfrow, & Swann, 2003). 
b HTKS Completion Time = Total time in seconds to complete the HTKS task. 
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Table 7. Bivariate Correlations Between HTKS Variables and TIPI Itemsa 

 

Variable 
 

1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

7 
 

8 
 

9 
 

10 
 

11 
 

12 

1. HTKS Total 1.00            

2. HTKS Timeb -.31*** 1.00           
3. O: Open to new 
experiences, 
complex 

.09 .02 1.00          

4. O: Conventional, 
uncreative (R) 

-.05 .04 .23** 1.00         

5. C: Dependable, 
self-disciplined 

.06 -.07 .37*** .06 1.00        

6. C: Disorganized, 
careless (R) 

-.06 -
.17* 

.02 .06 .30*** 1.00       

7. E: Extraverted, 
enthusiastic 

-.02 .06 .46*** .24** .20* .03 1.00      

8. E: Reserved, 
quiet (R)  

-.02 -.06 .11 .14 .08 -.01 .57*** 1.00     

9. A: Critical, 
quarrelsome (R)  

-.20** .001 -.24** .09 -.04 .07 -.03 .002 1.00    

10. A: Sympathetic, 
warm 

.04 -.06 .31*** .24** .34*** .14 .35*** .13 .21** 1.00   

11. ES: Anxious, 
easily upset (R) 

-.02 -.17 -.02 -.03 -.08 .05 .06 .08 .35*** -.06 1.00  

12. ES: Calm, 
emotionally stable 

-.10 -.06 .03 -.04 .06 .11 .07 -.10 .20* .11 .45*** 1.00 

Note. *p < .05.  **p < .01. ***p < .001. Correlation analyses between HTKS variables and 
individual items for openness, agreeableness, and emotional stability were 1-tailed. Correlation 
analyses between HTKS variables and individual items for conscientiousness and extraversion 
were 2-tailed.  
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Table 8. Summary of Multiple Regression Analyses for Conscientiousness Predicting HTKS 

Completion Time (N = 150) 

Note.  *p < .05.  **p < .01. ***p < .001. 2-tailed. 
 

Table 9. Summary of Multiple Regression Analyses for Emotional Stability Predicting HTKS 

Completion Time (N = 150) 

Note.  *p < .05.  **p < .01. ***p < .001. 1-tailed. 
 

 

 

 

 

  

Model 1 
 

Model 2 
 

Variable 
 

B 
 

SE B 
 

β 
 

B 
 

SE B 
 

β 

Age      1.71*** .39  .36 
Gender    -1.68 5.55 -.02 
Race    -5.20 12.06 -.03 
Marital Status    -3.79 5.22 -.06 
Education    1.05 1.48 .06 
Conscientiousness   -4.81*  2.40  -.16 -3.19  2.35 -.11 
Adj. R2  .02   .11  
F for change in R2  4.04*   4.14***  

  

Model 1 
 

Model 2 
 

Variable 
 

B 
 

SE B 
 

β 
 

B 
 

SE B 
 

β 

Age      1.84*** .38  .39 
Gender    -.26 5.45 -.01 
Race    -5.38 11.91 -.04 
Marital Status    -3.35 5.14 -.05 
Education    1.18 1.47 .06 
Emotional Stability   -3.85*  2.21  -.14 -4.70* 2.09 -.17 
Adj. R2  .01   .13  
F for change in R2  3.04*   4.76***  
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Table 10. Summary of Multiple Regression Analyses for Agreeableness Predicting HTKS Total 

Score (N = 150) 

Note.  *p < .05.  **p < .01. ***p < .001. 1-tailed. 
 

 

 

Table 11. Summary of Multiple Regression Analyses for the Reverse Coded Item “Disorganized, 

Careless” (Conscientiousness) Predicting HTKS Completion Time (N = 150) 

Note.  *p < .05.  **p < .01. ***p < .001. 2-tailed. (R) = Reverse coded item. 
 

 

 

  

Model 1 
 

Model 2 
 

Variable 
 

B 
 

SE B 
 

β 
 

B 
 

SE B 
 

β 

Age      -.17** .06 -.24 
Gender    -.15 .85 -.01 
Race    .36 1.85 .02 
Marital Status    1.77* .79 .19 
Education    .11 .23 .04 
Agreeableness   -.56*  .33  -.14 -.42 .35 -.10 
Adj. R2  .01   .06  
F for change in R2  2.79*   2.46*  

  

Model 1 
 

Model 2 
 

Variable 
 

B 
 

SE B 
 

β 
 

B 
 

SE B 
 

β 

Age      1.75*** .38 .37 
Gender    -1.76 5.49 -.03 
Race    -5.18 11.96 -.03 
Marital Status    -3.77 5.17 -.06 
Education    1.13 1.47 .06 
“Disorganized, Careless” (R)   -3.59* 1.67 -.17 -3.21* 1.60 -.16 
Adj. R2  .02   .13  
F for change in R2  4.63*   4.56***  
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Table 12. Summary of Multiple Regression Analyses for the Reverse Coded Item “Critical, 

Quarrelsome” (Agreeableness) Predicting HTKS Total Score (N =150) 

Note.  *p < .05.  **p < .01. ***p < .001. 1-tailed. (R) = Reverse coded item. 
 

Table 13. Bivariate Correlations between HTKS Performance and HTKS Strategy Use 
 

Variable 
 

1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

7 
 

8 
 

9 

1. HTKS Total 1.00         
2. HTKS Timea -.30*** 1.00        
3. SOC-Related Useb .19* -.21* 1.00       
4. LBS Usec .04 -.08 .58*** 1.00      
5. O Used .05 -.06 .48*** .11 1.00     
6. C Use – Se .21* -.19* .64*** -.09 -.03 1.00    
7. Memory Tacticsf -.07 -.05 -.25** -.11 -.11 -.20* 1.00   
8. Other Strategiesg .10 -.03 -.48*** -.24** -.20* -.36*** -.21** 1.00  
9. Mentioned Difficultyh -.08 .14 .03 -.03 .04 .04 .08 -.16* 1.00 

Note. *p < .05.  **p < .01. ***p < .001. 2-tailed. The relationships between HTKS performance (total 
score and completion time) and use of compensatory strategies and total SOC use diminish when 
adjusting for demographic variables in a regression framework. 
aHTKS Completion Time = Total time in seconds to complete the HTKS task. 
bSOC-Related Use = Coded yes if participant’s strategy indicated any SOC-related strategy. 
cLBS Use = Coded yes if participant’s strategy indicated any loss-based selection processes. 
dO Use = Coded yes if participant’s strategy indicated any optimization processes. 
eC Use = Coded yes if participant’s strategy indicated any compensatory processes. 
fMemory Tactics = Coded yes if participant’s strategy indicated any memory or remembering tactic. 
gOther Strategies = Coded yes if participant’s response indicated any strategy other than SOC-related 
strategies. 
hMentioned Difficulty = Coded yes if participant’s response mentioned any difficulty while 
completing HTKS.  
 

  

Model 1 
 

Model 2 
 

Variable 
 

B 
 

SE B 
 

β 
 

B 
 

SE B 
 

β 

Age      -.15* .06 -.21 
Gender    -.07 .83 -.01 
Race    .47 1.84 .02 
Marital Status    1.77* .79 .19 
Education    .11 .23 .04 
“Critical, Quarrelsome” (R)   -.54** .21 -.20 -.41* .23 -.15 
Adj. R2  .03   .07  
F for change in R2  6.31*   2.78*  
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Table 14. Bivariate Correlations between SOC-related strategy use on the HTKS and SOC 

Questionnaire 
 

Variable 
 

1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

7 
 

8 

1. SOC-Related Usea 1.00        
2. LBS Useb .58*** 1.00       
3. O Usec .48*** .11 1.00      
4. C Used .64*** -.09 -.02 1.00     
5. SOCe .12 .01 -.04 .18* 1.00    
6. SOC – LBSf .05 .09 -.001 -.002 .68*** 1.00   
7. SOC – Og .10 .01 -.03 .15 .63*** .25** 1.00  
8. SOC – Ch .09 .01 -.13 .19* .60*** .09 .30*** 1.00 

Note. *p < .05.  **p < .01. ***p < .001. 2-tailed. 
aSOC-Related Use = Coded yes if participant’s strategy indicated any SOC-related strategy. 
bLBS Use = Coded yes if participant’s strategy indicated any loss-based selection processes. 
cO Use = Coded yes if participant’s strategy indicated any optimization processes. 
dC Use = Coded yes if participant’s strategy indicated any compensatory processes. 
eSOC = Selection, Optimization, and Compensation – Short Version (Baltes et al., 1995). 
f SOC – LBS = SOC Loss-based Selection sub-scale. 
g SOC – O = SOC Optimization sub-scale. 
hSOC – C = SOC Compensation Sub-scale. 
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Figure 4. Participant-Employed “Top-Bottom” Strategy for Part 3 of the HTKS.  
 

 

 

 

  

 
 
 
 

 
 
 
 
 
 
Note. Figure 4 depicts the top-bottom method employed by multiple participants for Part 3 of the 
HTKS administration. It appears to depict the participant dividing the body into two halves. The 
participant relates the uppermost body part from the top half (head) to the uppermost body part 
from the bottom half (knees). This creates the subsequent pairing between the lowermost body 
part from the top half (shoulders) to the lowermost body part from the bottom half (toes). 
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5. Discussion 

Under the life span developmental framework, we adapted a well-known and often-used 

task of EF in children, the HTKS, to a sample of community dwelling older adults. Recognizing 

adaptive development as a lifelong process, the present study explored the possible ways older 

adults maximize gains and minimize losses when performing an EF task. The underlying goals 

of this thesis were to determine the reliability and validity of the HTKS when administered in an 

older adult sample, and investigate the personality characteristics and strategy processes related 

to better performance on the task. The low-cost, easy to administer task provides a practical way 

of measuring EF ability in only 5-7 minutes. Further, its’ motorically engaging and game-like 

manner between participant and administrator has the potential to inform cognitive interventions 

in older samples. As hypothesized, the HTKS demonstrated good internal consistency, 

convergent validity with “gold standard” measures of processing speed, attention, and inhibitory 

control, and discriminant validity as compared to measures of affect.  

The personality traits of emotional stability, agreeableness, and conscientiousness appear 

to play a role in HTKS performance as measured by total score and completion time. As 

hypothesized, emotional stability (inverse of neuroticism) related to faster HTKS completion 

time. Contrary to the hypothesis, agreeableness was negatively related to HTKS total score. 

Although not hypothesized, conscientiousness related to faster HTKS completion time. 

As hypothesized, participants utilized multiple kinds of strategies while completing the 

HTKS (including SOC-related strategies). However, after adjusting for demographic variables, 

there were no significant relationships between SOC use and HTKS performance. Contrary to 

the hypothesis, HTKS performance was not related to any subscale on the SOC questionnaire. 
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The following paragraphs unpack the present findings and explore its impact on the fields of 

cognitive measurement and aging sciences.  

5.1 HTKS Psychometrics in an Older Adult Sample 

Ceiling Effect in HTKS Total Score and Decision to Utilize HTKS Completion Time 

This thesis study marks the first known adaptation of the HTKS to a community dwelling 

older adult sample. Frequency distributions suggest a ceiling effect in HTKS total score in this 

sample, with 25% achieving a perfect score of 60, 83% scoring at least 56 points, and 77% 

scoring at least 57 points. This may be due to characteristics of the sample. Participants reported 

higher levels of positive affect than negative affect, their self-reported mental health and physical 

health were slightly better than the general US population, only 21% reported subjective memory 

loss during the past 12 months, and 81% obtained at least a Bachelor’s degree (42% obtained at 

least a Master’s degree). Thus, this sample was relatively healthy and highly educated.  

The ceiling effect in HTKS total score was unexpected. We initially proposed the HTKS total 

score would converge with attention, inhibitory control, and working memory tasks because the 

HTKS has been found to converge with these types of EF in children (McClelland et al., 2014), 

and previous factor analytic accounts have centered focus on these three components of EF when 

identifying distinguishable dimensions of EF (Miyake et al., 2000; Hedden & Yoon, 2006; Hull 

et al., 2008). However, due to the ceiling effect and little variation in HTKS total score, we 

decided to utilize an additional variable, namely HTKS completion time, that allowed for the 

study of an additional element of cognition, speed of processing. Completion time allowed for a 

measure of HTKS performance with more variability (mean of 4 minutes, 43 seconds, standard 

deviation of 29.91 seconds, ranging from 3 minutes, 56 seconds to 6 minutes, 53 seconds) and 

provided a way to measure speed of processing through precise lengths of time (in seconds 
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compared to assuming higher total scores reflect faster EF processing). The significant negative 

association between HTKS completion time and HTKS total score (i.e., faster completion time 

related to higher total scores) suggests faster completion time requires more efficient EF 

processing and perhaps better EF ability. The following interpretation of the psychometric 

evaluation of the HTKS includes both HTKS total score and HTKS completion time as measures 

of HTKS performance in this sample. 

Internal Consistency Reliability 

 Cronbach’s alpha level interpretation demonstrated good internal consistency for the 

overall HTKS task (α = .84) and its inter-item α range (.82 – .84). This reliability assessment in 

an older adult sample is slightly lower than the internal consistency reported by McClelland et al. 

(2014) across four waves of sampling children in prekindergarten and kindergarten (αs = 0.92, 

0.94, 0.94, 0.94). This indicates reliability of HTKS measurement in both child and older adult 

samples. 

Convergent Validity with NIHTB Measures of EF 

Convergent validity is an aspect of construct validity that assesses whether a measure is 

associated with constructs that theoretically should be related to it (Cronbach & Meehl, 1955). 

We assessed convergent validity by analyzing the strength of correlations between HTKS 

variables (total score and completion time) and age-adjusted scores on NIHTB measures of EF 

(DCCS, Flanker, List Sorting, and Pattern Comparison).  

Importantly, correlations between HTKS and NIHTB measures were strongest for 

completion time (not total score) as the measure of HTKS performance. In order of strength of 

correlation, taking longer to complete the HTKS (e.g., slower EF processing) was significantly 

associated with lower scores on the Pattern Comparison task (processing speed; r = -0.30), 
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DCCS task (attention; r = -0.21), and Flanker task (inhibitory control; r = -0.20). In other words, 

faster EF processing as measured by HTKS completion time was associated with better 

processing speed, attention, and inhibitory control, but not working memory. When using HTKS 

total score, higher scores on the HTKS (i.e., better EF functioning) were significantly associated 

with higher scores on the Pattern Comparison task (processing speed; r = 0.24) and DCCS task 

(attention; r = 0.17). In other words, better EF functioning as measured by HTKS total score was 

associated with better processing speed and attention, but not inhibitory control or working 

memory. Significant associations between both HTKS variables (completion time and total 

score) and the NIHTB Fluid Cognition composite score provides additional support for 

convergent validity of the HTKS.  

In this older adult sample, processing speed was the strongest correlate to the HTKS. 

Attention and inhibitory control were also significantly associated, suggesting multiple aspects of 

EF may be required to perform well on the HTKS. In line with our hypothesis, this demonstrates 

the convergent validity of the HTKS with scores on the NIHTB measures of processing speed, 

attention, and inhibitory control. Potential reasons why this finding occurred will be discussed in 

the theoretical implications section, below. 

Discriminant Validity with Positive Affect and Negative Affect  

 While it is important to determine if the HTKS is associated with measures of EF 

(convergent validity with the NIHTB), it is equally important to assess if the HTKS is unrelated 

to measures that theoretically should not be related to it. Discriminant (or divergent) validity is 

the aspect of construct validity that assesses whether a measure is unrelated to constructs it 

should not be related to (Cronbach & Meehl, 1955). We assessed discriminant validity by 

analyzing the relationships between HTKS variables (total score and completion time) and 
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positive affect and negative affect. Both HTKS completion time and total score were unrelated to 

positive affect and negative affect (all ps > .05). The consistency of this pattern of no-association 

between HTKS variables and affect is in support of our hypothesis. In this older adult sample, 

the HTKS was not related to measures of affect, a construct thought to be conceptually unrelated 

to EF.  

Theoretical Relevance and Implications  

 In addition to investigating the psychometrics of the task, adapting the HTKS to older 

adults presents important theoretical implications for understanding the multidimensionality of 

EF. Conflicting accounts of EF domains depending on age and tasks completed (Hedden & 

Yoon, 2006; Hull et al., 2008; Miyake et al., 2000) encouraged our investigation into which 

domains of EF were most strongly correlated with the HTKS. In older adult samples, Hedden 

and Yoon (2006) identified shifting/updating and inhibition as the two main components of EF, 

and Hull et al. (2008) identified shifting and updating as the two main components of EF. In the 

present study, the HTKS is most strongly correlated with three cognitive domains: processing 

speed, attention, and inhibitory control. The strength of correlations between the HTKS and 

processing speed, attention, and inhibitory control tasks suggest these domains may be required 

for optimal performance on the HTKS. Importantly, the multidimensionality of these findings 

support Miyake et al. (2000), Hedden and Yoon (2006), and Hull et al. (2008) in their opposition 

to the dedifferentiation hypothesis (aging leads to a blending of cognitive abilities and a single 

factor of EF; Balinsky, 1941). Salthouse (2005) contested theoretical accounts including unique 

dimensions of EF with evidence demonstrating strong relationships to abilities of reasoning, 

perceptual speed, inhibition, and working memory, as well as a lack of age-related influence that 

was unique from age-related influences in other cognitive constructs. Further research can 
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confront these differing theoretical perspectives by assessing the factor structure of the HTKS 

and elaborate on its significant correlations with measures of processing speed, attention, and 

inhibitory control. 

The processing-speed theory of cognitive aging (Salthouse, 1996) may be especially 

relevant to understanding HTKS performance and its factor structure because the HTKS most 

strongly correlated with the pattern comparison processing speed task. Salthouse (1996) argues 

lower levels of cognitive functioning result from slower processing of particular mental 

operations as adults get older. Slower processing speed explains lower levels of cognitive 

functioning through two proposed mechanisms. These include a limited time mechanism that 

suggests slower processing speed restricts the ability to complete mental operations on time, and 

a simultaneity mechanism that suggests slower processing speed lowers the amount of concurrent 

information crucial for typical cognitive functioning (Salthouse, 1996). One application of this 

theory is to consider the mediating roles of processing speed. Meta-analyses by Verhaeghen and 

Salthouse (1997) showed age-related differences in EF are largely mediated by speed of 

processing and primary-working memory, and recent work from McAuley and White (2011) 

found processing speed to be a mediator of age-related improvements in response inhibition and 

working memory in a sample of 6-24 year olds. Future work can build on mediating models such 

as this to better understand what the HTKS measures in older adult samples. The explanatory 

utility of processing speed may be limited to between-person differences, however. Stawski, 

Sliwinski, and Hofer (2013) identified processing speed as a strong and robust predictor of 

between-person differences in working memory, but found non-significant associations when 

analyzing its role in within-person fluctuations of working memory performance. A repeated 
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measures design incorporating the HTKS can elucidate its utility when studying between- and 

within-person differences in cognitive performance in older adults. 

 It was surprising that working memory was not related to HTKS completion time or total 

score. Perhaps participants found the list sorting task substantively more challenging than the 

other three measures in the NIHTB. It is also possible that the HTKS is best aligned with 

measures of EF that involve a timed component. The NIHTB measures for processing speed, 

attention, and inhibitory control tasks were all timed, but the working memory task was not. This 

is further supported by the stronger correlations between these tasks and HTKS completion time, 

the measure of performance entirely computed by time, than with HTKS total score, a composite 

score of correct and self-correct responses. 

This thesis study attempted to provide some clarity to the complex construct of EF by 

seeing if the factors identified by Miyake et al. (2000), Hedden and Yoon (2006), and Hull et al. 

(2008) were portrayed in the correlations between the HTKS and NIHTB measures. However, 

the emergence of processing speed and lack of significant relationship to a measure of working 

memory reiterates the complexity of EF and how its structure can vary by age group and task 

administered. This is further demonstrated by the differential correlations found between the 

HTKS and EF domains depending on age group. McClelland et al. (2014) suggested the HTKS 

may be specifically measuring inhibitory control in younger children, cognitive flexibility 

(attention) in children from 4 to 6 years, and working memory in older children. In a sample of 

older adults ranging from 60 to 88 years, the HTKS may be specifically measuring processing 

speed, with significant associations with processing speed, attention, and inhibitory control, but 

not working memory. Although this does not directly support well known accounts of EF factor 

structure (Miyake et al., 2000; Hedden & Yoon, 2006; & Hull et al., 2008), this thesis provides 
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information on the role age can play on a measure of EF. Most importantly, this thesis adds to 

the cognitive aging field the HTKS – a brief, cost-effective instrument with strong psychometrics 

and a fruitful future for possible cognitive screening and intervention purposes. Additional 

implications for the use of the HTKS in future research are made in the Future Directions and 

Implications and Conclusion sections. 

5.2 HTKS Performance and Emotional Stability, Agreeableness, and Conscientiousness  

Research question 2 explored the links between personality traits and HTKS 

performance. Identifying individual differences in personality characteristics can be instrumental 

in understanding how adults can optimize EF ability amidst age-related declines. Due to the two 

item nature of the TIPI subscales, both the subscales and individual TIPI items were used in 

analyses to see if one specific item was driving the association more than the other. The 

personality traits of emotional stability, agreeableness, and conscientiousness were associated 

with HTKS performance. As hypothesized, emotional stability (inverse of neuroticism) related to 

faster HTKS completion time after adjusting for demographic variables. Specifically, a 1-unit 

increase in feeling “calm, emotionally stable” and “not anxious, not easily upset” related to a 

4.70 second decrease in HTKS completion time (or -.17 SD). This finding supports existing 

studies that found lower levels of neuroticism, or greater emotional stability, to be related to 

better EF performance (Williams et al., 2010) and better cognitive updating/monitoring 

(Murdock et al., 2013). Further, individuals high in neuroticism may make more errors during 

cognitive tasks due to less flexibility in cognitive processes (Robinson, Wilkowski, Kirkeby, & 

Meier, 2006). This is supported by the current study because individuals that reported lower 

levels of emotional stability (high in neuroticism) tended to exhibit poorer EF processing as 

measured by slower HTKS completion times.  
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Contrary to the hypothesis, agreeableness was negatively related to HTKS total score 

after adjusting for demographic variables. This finding came from the reverse coded, individual 

agreeableness item “Critical, Quarrelsome.” Due to the two item nature of the TIPI subscales, 

subsequent analyses investigated relationships between HTKS variables and individual TIPI 

items to see if one specific item was driving the association more than the other. In this case, the 

reverse-coded individual item “Critical, Quarrelsome” was significantly related to HTKS total 

score, while the agreeableness subscale was not related to HTKS total score after adjusting for 

demographic variables, and the individual item “Sympathetic, Warm” was not correlated to 

HTKS total score at all. Specifically, a 1-unit increase in agreeableness related to a .41-point 

decrease in HTKS total score (or -.15 SD). This is surprising because existing literature found 

higher levels of agreeableness to be related to better EF performance (Williams et al., 2010). 

Perhaps older adults who are more critical allocate more focus on the specific task at hand, 

assisting them in scoring higher on the HTKS than those who are less critical, and more 

agreeable during cognitive tasks such as the HTKS. Luchetti, Terracciano, Stephan, and Sutin, 

(2015) were surprised to find individuals who were less agreeable report better self-rated 

memory and suggested this was due to being less modest about their skills and therefore may 

overrate self perceived memory. Further research is needed to determine if the current study’s 

finding translates to other domains of cognition as well and if agreeableness can be considered a 

risk factor for lower levels of cognitive function.  

Although not hypothesized, conscientiousness related to better HTKS performance as 

measured by HTKS completion time after adjusting for demographic variables. This finding 

came from the reverse coded, individual conscientiousness item “Disorganized, Careless.” 

Similar to the individual agreeableness item driving the association between HTKS and the 
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personality trait subscale, the reverse-coded individual item “Disorganized, Careless” was 

significantly related to HTKS completion time. However, the conscientiousness subscale was not 

related to HTKS completion time after adjusting for demographic variables, and the individual 

item “Dependable, Self-disciplined” was not correlated to HTKS total score at all. Specifically, a 

1-unit increase in conscientiousness related to a 3.21 second decrease in HTKS completion time 

(or -.16 SD). Higher levels of conscientiousness have been associated with better memory 

performance and less decline over time (Luchetti et al., 2015). The current study augments the 

existing literature by identifying a link between conscientiousness and EF as measured by HTKS 

completion time. This calls for further research to determine the protective role 

conscientiousness may play in EF ability, in addition to the well established role it plays in 

memory performance and decline.  

It was surprising that openness was not related to HTKS performance because its 

protective role in EF ability is well documented (Murdock et al., 2013; Schaie et al., 2004; Sharp 

et al., 2010; Williams et al., 2010). Perhaps being open to new experiences, creative, and 

unconventional is not as relevant to performing the behavioral HTKS task as it is in completing 

paper-based measures such as the Delis-Kaplan Executive Function Scales (Delis, Kaplan, & 

Kramer, 2001) used in Murdock et al., 2013 and Williams et al., 2010, suggesting a potential 

methodological difference may explain the unanticipated finding. It is also possible a longer 

personality inventory (e.g., NEO-Personality Inventory; Costa & McCrae, 1992) would show 

stronger relationships between openness and HTKS variables. Also, the lack of relationship 

between extraversion and HTKS performance indicates extraversion may not be pertinent to 

performing well on the HTKS.  

5.3 HTKS and Strategy Use: Application of Life Span Theory’s SOC 
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The final aim of this thesis study, addressed in research question 3, was to investigate the 

extent to which participants strategized while completing the HTKS. We explored the various 

HTKS strategies using Life span theory’s selection, optimization, and compensation model 

(SOC; Baltes & Baltes, 1990), which recognizes adaptive development across the life span. The 

SOC model was most applicable to this thesis because of its personalized emphasis on contextual 

influences and individual differences in ability (e.g. EF ability), as well as its generalizability to 

all developmental processes that utilize regulation processes to remain at a functional level 

(Baltes, 1997). For example, this sample of older adults living in the American Pacific Northwest 

is likely influenced by Western culture reinforcing societal norms of individuality and functional 

independence. Therefore, strategy use while completing the HTKS may be a direct application of 

ways in which older adults compensate for their age-related slower processing speed or greater 

difficulty answering prompts.   

Compensating for Age-related Declines in EF 

As hypothesized, 84% of the sample (126 older adults) reported using some kind of 

strategy while completing the HTKS. There was variability in specific kinds of strategy used, 

however, with 36% employing SOC-related strategies, 21% indicating use of memory or 

remembering tactics, and 48% mentioning non SOC-related strategies. After adjusting for 

demographic variables, there were no significant relationships between SOC use and HTKS 

performance after adjusting for demographic variables. However, the open-ended nature of the 

strategy use question provides valuable insight into the difficulties encountered while performing 

the HTKS and why participants employed certain strategies. Interestingly, 81% of the sample 

mentioned difficulty while completing the HTKS (especially during Part 3’s rule change), yet the 

sample’s performance demonstrated a ceiling effect in HTKS total score.  This suggests many 
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older adults in this sample were able to overcome their difficulties through employment of their 

own devised strategies such as linking body parts in a top-bottom visualization (Figure 2), 

dividing two pairs instead of four separate pairs, and avoiding eye contact when answering 

prompts (additional examples are provided in Chapter IV). In line with life span theory (Baltes et 

al., 2006), these older adults successfully allocated resources toward the regulation of loss as 

they employed compensatory strategies. However, resources vary based on the severity of 

decline, raising important implications for possible performance differences in samples with 

severe declines in cognitive ability. Perhaps a sample with cognitive impairment diagnoses (e.g., 

MCI or dementia) would mention even greater difficulty with the HTKS and lack the necessary 

cognitive resources to perform at a high level.  

In the current sample of community dwelling older adults, some participants appeared to 

lack the necessary resources to successfully address the difficulties associated with completing 

the HTKS. Administering the HTKS in older adults provides a valuable opportunity to examine 

individual differences in cognitive resources and ways in which the amount of cognitive 

resources help or hinder someone’s ability to compensate for age-related declines in performance 

(Freund & Baltes, 2002).   

Relevance of the Speed-Accuracy Trade-off 

The tendency to prioritize accurate responses at the expense of processing speed, known 

in the aging literature as the speed-accuracy trade-off (e.g., Rabbitt, 1979, Span et al., 2004), is 

relevant for interpreting HTKS completion times and participant responses to the open ended 

strategy question. Processing speed was the strongest correlate of HTKS completion time, 

suggesting the HTKS outcome measure may best reflect older adults’ speed of processing 

compared to the other dimensions of EF’s correlations to the HTKS. 



 80 

In addition to HTKS completion time’s correlation with processing speed, five older 

adults explained their experience with the HTKS in direct support of the speed-accuracy tradeoff 

phenomenon. For example, one participant wrote, “As it got more complicated I worried about 

remembering the instruction. … I just tried to focus and to not rush myself. I also tried to not get 

nervous and reminded myself that I could take a second or so after the instruction to remember 

the correct response.”  This participant demonstrated use of optimization processes to achieve the 

primary goal of scoring well on the HTKS (scored 58 out of 60) at the expense of processing 

speed. Taking “a second or so after the instruction” illustrates older adults’ tendency to prioritize 

optimizing accuracy and worry less about how fast a task should be completed. Another 

participant exhibited the accuracy focus of the tradeoff by writing, “It was easier if I did not 

worry if I was fast or slower to respond or how long it took to complete the task.” Similarly, this 

participant scored highly, achieving a score of 56 out of 60. All five older adults whose strategies 

exhibited support of the speed-accuracy tradeoff scored highly on the HTKS, ranging from 56 to 

59 points out of 60.  

The ability to focus strategies on accuracy may be contingent on the amount of cognitive 

resources available to the individual because two older adults explained their experience with the 

HTKS in direct contradiction to the speed-accuracy tradeoff as well. One participant, who 

achieved a relatively low score of 50 out of 60, wrote, “Because the ‘clock was running’, I 

fixated on answering quickly versus trying to come up with a strategy…” The student researcher 

did not make any specific direction indicating the stopwatch recording completion time was 

meant to encourage the participant to hurry their responses. Although there were only five direct 

reports in support of and two direct responses in contraction to the speed-accuracy tradeoff, it is 

possible participants were implicitly exhibiting performance in support of or in contradiction to 
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the phenomenon (e.g., The participant may not have written down the exact reasons for their 

strategy). The participants who rush the HTKS, instead of employing strategies and taking their 

time, may provide a possibly useful link between the speed-accuracy trade-off phenomenon e.g., 

Rabbitt, 1979, Span et al., 2004) and life span theory (e.g., Freund & Baltes, 2002) because these 

individuals’ HTKS scores were relatively low (42/60 and 50/60), suggesting a potential lack of 

necessary cognitive resources to optimize their score. Future work should further explore this 

potential link by examining individual differences in older adults’ ability to utilize their cognitive 

resources to prioritize accurate responses during a task versus focusing more on finishing the 

task as quickly as possible. 

No Relationships between HTKS and SOC Questionnaire 

It was surprising that HTKS performance was not related to any subscale on the SOC 

questionnaire (Baltes et al., 1995). The null finding may be due to poor reliability in individual 

SOC subscales. However, one of the strengths of this thesis is the collection of both 

questionnaire SOC use and open-ended, task-specific SOC use in terms of strategizing during the 

HTKS. Perhaps SOC processes are best measured when they are in the context of a specific task 

in the protocol. Future research should explore the differences in SOC administrations and ways 

in which they relate to cognitive function. 

Tangible Example of SOC Use in Older Adults  

Studying the HTKS under a life span developmental framework provides a concrete 

example of life span’s SOC theory in action. Of the participants who identified some kind of 

strategy use, 45 participants (36%) spontaneously mentioned strategies in line with the SOC 

theory and SOC questionnaire. The ways in which older adults attempted to address difficulties 

completing the HTKS showed important theoretical implications for the complex construct of 
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EF. Older adults with enough cognitive resources can successfully employ developmental 

regulation processes (e.g., SOC strategies) to compensate for age-related declines in processing 

speed or difficulty answering prompts. A post-hoc exploratory independent-samples t-test 

statistically supported this notion by showing SOC-related strategy users (M=58.36, SD=.54) 

scored significantly higher on the HTKS than non SOC-related strategy users (M=56.46, 

SD=.45), t(148) = -2.45, p = 0.015. Further, five participants directly reported emphasizing 

accuracy over speed while taking the task, whereas two participants directly reported an inability 

to focus on accuracy because the speed component significantly complicated their approach. 

This thesis demonstrated community dwelling older adults’ ability to optimize performance by 

means of maximizing gains and minimizing losses in a behavioral task of EF. 

5.4 Limitations 

 Several limitations of this study should be considered. A nonrepresentative sample of 

community dwelling older adults resulted in a sample of primarily Caucasian, female, physically 

and mentally healthy, and highly educated older adults. Although the racial demographic is 

similar to Oregon older adults (U.S. Census Bureau, 2015), a more diverse sample may exhibit 

greater variability in HTKS performance in future studies. The correlational design limits 

interpretations of the relationships’ directionality. Personality and SOC strategies were measured 

by questionnaires with less than ideal reliability. Due to time constraints, we selected the TIPI 

and 12-item SOC questionnaire to keep the protocol within an hour for each participant. Since 

research questions 2 and 3 are supplementary to research question 1, we felt brevity in these 

measures was important so that participants were not overwhelmed by a lengthy protocol. The 

open-ended strategy question had a single coder analyze responses, whereas inter-rater reliability 

would ideally be established. For a more objective reporting of results. However, research 
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question 3 is meant to augment the primary research question of analyzing the HTKS 

psychometrics. Future studies featuring the open-ended question as its focal point will benefit 

from a second coder and inter-rater reliability efforts. In regard to the relatively small sample 

size of 150 participants, similar studies have had samples of 99 and 163 nursing home residents 

(Study 1 and Study 2, respectively; Mansbach et al., 2014), 100 older adults (Hull et al., 2008), 

and 109 older adults (Weintraub et al., 2014). In addition, our significant findings in a relatively 

small sample argues for the strength of the relationships. Perhaps future studies with a larger 

sample and increased power will exhibit even stronger associations.  

5.5 Future Directions and Implications 

This thesis study marks the first known adaptation of the HTKS in an older adult population. 

Therefore, its place in cognitive measurement and aging sciences literature is preliminary and 

foundational in nature. We have demonstrated aspects of reliability and validity of the HTKS in 

community dwelling older adults. Future research administering the HTKS to individuals with 

cognitive impairment (e.g., MCI, dementias) or in institutionalized settings (e.g., nursing homes, 

memory care units) may exhibit different psychometrics, and different individual characteristics 

associated with better or worse HTKS performance. Pilot studies investigating the HTKS as a 

potential screening instrument for cognitive impairment are needed because a brief, valid 

measure may allow for wider screenings aimed toward intervening early when interventions are 

most effective. The cost-effective, brief nature of the task may allow the HTKS to potentially 

serve a role in medical facilities, providing a means for practitioners to take a quick snapshot of 

an individual’s cognitive function. Future research should compare the efficacy of the HTKS as a 

potential screening instrument to those already in the field such as The Mini Mental State 

Examination (Folstein, Folstein, & McHugh, 1975) or The Telephone Interview for Cognitive 
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Status (Brandt, Spencer, & Folstein, 1988). Further, perhaps the HTKS would serve a valuable 

role in community hubs such as senior centers and fitness clubs. Older adults concerned with 

their recent cognitive functioning may benefit from taking the HTKS at their local senior center 

or fitness club as a way of self-checking their cognitive health (in similar fashion to having one’s 

blood pressure taken during their daily trips to the senior center). 

The potential roles the HTKS may play in cognitive interventions for older adults should be 

explored further. When asked if they would be interested in other studies that incorporated the 

HTKS, 93% (139 older adults) of the sample responded “Yes.” This positive feedback suggests 

older adults may enjoy participating in the task, an important factor in constructing cognitive 

interventions that maintain engagement in the activities. Further, the HTKS has already been 

used to measure EF in a school readiness intervention (Schmitt et al., 2015), suggesting its 

possible feasibility in an older adult intervention setting.  

Longitudinal assessment of HTKS performance over time can help elucidate whether the 

HTKS possesses predictive validity for predicting EF decline over time. Factor analysis studies 

are needed to build on the current study’s findings of processing speed, attention, and inhibitory 

control having the strongest correlations to HTKS completion time and HTKS total score. A 

factor analysis of the HTKS can address discrepancies between Hedden and Yoon (2006) and 

Hull et al. (2008) and may help construct a more cohesive understanding of the distinguishable 

domains of EF in older adults.  

Further research is also needed to investigate more closely personality’s relationship to 

HTKS performance. More sophisticated models may be able to identify potential mediating or 

moderating roles from emotional stability, conscientiousness, and agreeableness. Also, studying 

both structural and process-based approaches to personality (e.g., Hooker & McAdams, 2003) 
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may elucidate key influences that dispositional traits do not exhibit. For example, studying 

personal action constructs may identify key health concerns that are of great importance to a 

particular person, and provide a more person-specific approach to understanding personality’s 

role in HTKS performance, and EF ability in general. More research is needed to explore the 

potential dynamic relationships between personality, cognition, and SOC-related strategy use. 

Hülür et al. (2015) suggest being higher in conscientiousness may be associated with a lesser 

chance of experiencing memory difficulties because these individuals may engage in behavioral 

strategies to elude declines. In our study, higher levels of conscientiousness positively related to 

higher levels of total SOC (r = .33), selection (r = .19), loss-based selection (r = .16), 

optimization (r = .35), and compensation (r = .19; See Table 16 for correlation matrix with all 

study variables), providing preliminary support for Hülür et al.’s (2015) suggestion. In addition, 

openness was positively related to optimization (r = .27), and compensation (r = .26), and 

emotional stability was positively related to total SOC (r = .18). These augment findings from 

research question 2 demonstrating relationships between personality and HTKS performance, 

raising important questions for future research to explore how personality and SOC may interact 

to predict better or worse HTKS performance.  

In addition, further work exploring the theoretical component of EF and its place in life span 

developmental theory is needed. Collecting open-ended questions that are coded for SOC-related 

strategies may be an effective way to analyze a direct application of life span theory’s SOC 

model. Importantly, research that sets qualitative data as its focal point of analysis should 

incorporate two coders to achieve inter-rater reliability. 
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Table 16. Correlation Matrix with All Study Variables 
Variable 1 2 3 4 5 6 7 
1. Age 1.00       
2. Gender - Male 0.13 1.00      
3. Race 0.03 0.09 1.00     
4. Ethnicity -0.20* 0.05 0.01 1.00    
5. Marital Status 0.32*** -0.17* 0.01 -0.19* 1.00   
6. Education -0.05 0.15 0.24** -0.04 -0.05 1.00  
7. Subjective Memory Lossa -0.13 -0.11 0.02 0.07 -0.05 0.01 1.00 
8. Self-rated Physical Healthb 0.01 0.03 -0.05 0.15 -0.17* 0.01 0.11 
9. Self-rated Mental Healthc 0.04 -0.01 -0.02 -0.06 -0.13 0.02 0.06 
10. HTKS Total Scored -0.22** -0.07 0.04 -0.04 0.15 0.03 0.10 
11. HTKS Completion Time (seconds)e 0.36*** 0.06 0.04 -0.01 0.11 0.04 -0.14 
12. SOC – Sf -0.08 0.10 -0.02 -0.06 -0.08 0.06 -0.01 
13. SOC – ESg -0.11 0.20* -0.04 -0.09 -0.11 0.09 -0.08 
14. SOC – LBSh -0.03 -0.04 0.01 -0.01 -0.03 0.01 0.06 
15. SOC – Oi  -0.09 -0.16 0.04 0.03 -0.11 0.03 0.08 
16. SOC – Cj -0.22** 0.03 0.01 0.14 -0.13 0.01 0.04 
17. SOCk -0.17* 0.02 0.01 0.03 -0.15 0.05 0.03 
18. Mentioned Difficultyl -0.05 -0.12 0.08 0.09 -0.09 0.02 -0.18* 
19. LBS Usem 0.02 -0.11 0.13 0.03 -0.06 -0.12 0.08 
20. O Usen -0.18* -0.08 0.09 0.02 0.05 0.06 -0.05 
21. C Useo -0.26** 0.02 -0.05 0.04 -0.01 0.06 0.04 
22. SOC-related Usep -0.25** -0.09 0.07 0.05 -0.02 0.01 0.05 
23. Memory Tacticsq -0.07 -0.13 -0.10 0.04 -0.13 -0.16 0.07 
24. Other Strategiesr -0.01 0.09 -0.16 -0.10 -0.04 0.01 -0.13 
25. Positive Affects 0.01 -0.02 -0.03 -0.04 -0.07 -0.22** 0.01 
26. Negative Affectt 0.01 0.01 0.06 -0.02 -0.01 -0.09 -0.06 
27. Opennessu 0.01 -0.12 0.01 -0.03 0.05 -0.11 0.05 
28. Conscientiousnessv -0.17* -0.13 0.01 0.08 -0.09 0.02 -0.02 
29. Extraversionw 0.01 -0.17 -0.02 -0.06 -0.03 -0.29*** 0.01 
30. Agreeablenessx 0.22 -0.14 0.03 -0.04 0.16* -0.19* -0.11 
31. Emotional Stabilityy 0.08 0.06 0.03 -0.07 0.03 0.07 0.07 
32. DCCS (Attention)z 0.21* 0.14 -0.11 -0.04 0.22** -0.10 0.10 
33. Flanker (Inhibitory Control)aa 0.18* 0.26** -0.10 0.10 0.06 -0.01 -0.01 
34. List Sorting (Working Memory)bb 0.16 -0.13 0.02 -0.09 0.19* 0.08 0.08 
35. Pattern Comparison (Processing Speed)cc -0.27** -0.08 -0.01 0.13 -0.07 -0.08 0.08 
36. Fluid Cognition (Composite)dd 0.01 0.02 -0.05 0.06 0.11 -0.04 0.10 
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Table 16. continued 
Variable 8 9 10 11 12 13 14 
8. Self-rated Physical Healthb 1.00       
9. Self-rated Mental Healthc 0.01 1.00      
10. HTKS Total Scored 0.05 -0.08 1.00     
11. HTKS Completion Time (seconds)e 0.00 0.04 -0.30*** 1.00    
12. SOC – Sf 0.06 0.11 -0.02 -0.03 1.00   
13. SOC – ESg 0.10 0.00 -0.02 -0.05 0.83*** 1.00  
14. SOC – LBSh 0.00 0.18* -0.02 0.00 0.83*** 0.37*** 1.00 
15. SOC – Oi  0.07 0.24** -0.03 -0.02 0.22** 0.12 0.25** 
16. SOC – Cj -0.01 -0.02 0.05 -0.02 0.13 0.13 0.09 
17. SOCk 0.06 0.15 -0.01 -0.03 0.79*** 0.64*** 0.68*** 
18. Mentioned Difficultyl 0.06 -0.05 -0.08 0.14 -0.12 -0.08 -0.13 
19. LBS Usem 0.03 -0.02 0.04 -0.08 0.01 -0.07 0.09 
20. O Usen -0.06 -0.08 0.05 -0.06 0.03 0.04 -0.01 
21. C Useo 0.12 0.01 0.21* -0.19 0.07 0.12 0.00 
22. SOC-related Usep 0.08 -0.04 0.19* -0.21* 0.07 0.06 0.05 
23. Memory Tacticsq 0.03 -0.04 -0.07 -0.05 0.03 -0.03 0.08 
24. Other Strategiesr -0.02 -0.02 0.10 -0.03 -0.04 -0.01 -0.05 
25. Positive Affects 0.08 0.16 0.01 0.01 0.07 0.10 0.01 
26. Negative Affectt -0.07 -0.31*** 0.10 0.04 -0.18* -0.12 -0.18* 
27. Opennessu -0.03 0.04 0.01 0.04 -0.10 -0.16 -0.01 
28. Conscientiousnessv 0.17* 0.09 -0.01 -0.16* 0.19* 0.16 0.16* 
29. Extraversionw -0.11 0.02 -0.02 0.00 -0.08 -0.10 -0.04 
30. Agreeablenessx -0.10 0.20* -0.14 -0.03 0.12 0.07 0.13 
31. Emotional Stabilityy -0.01 0.39*** -0.06 -0.14 0.17* 0.12 0.17* 
32. DCCS (Attention)z 0.02 -0.06 0.17* -0.21** 0.06 -0.01 0.10 
33. Flanker (Inhibitory Control)aa 0.07 0.01 0.07 -0.20* 0.06 0.02 0.07 
34. List Sorting (Working Memory)bb -0.02 0.10 -0.01 -0.10 0.05 -0.07 0.16 
35. Pattern Comparison (Processing 
Speed)cc 

0.08 0.08 0.24** -0.30*** 0.18* 0.08 0.23** 

36. Fluid Cognition (Composite)dd 0.06 0.06 0.20* -0.32*** 0.15 0.02 0.23** 
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Table 16. continued 
Variable 15 16 17 18 19 20 21 
15. SOC – Oi  1.00       
16. SOC – Cj 0.30*** 1.00      
17. SOCk 0.63*** 0.60*** 1.00     
18. Mentioned Difficultyl -0.07 0.01 -0.10 1.00    
19. LBS Usem 0.01 0.01 0.01 -0.03 1.00   
20. O Usen -0.03 -0.13 -0.04 0.04 0.11 1.00  
21. C Useo 0.15 0.19* 0.18* 0.04 -0.09 -0.02 1.00 
22. SOC-related Usep 0.10 0.09 0.12 0.03 0.58*** 0.48*** 0.64*** 
23. Memory Tacticsq -0.11 -0.05 -0.04 0.08 -0.11 -0.11 -0.20* 
24. Other Strategiesr -0.04 0.04 -0.02 -0.16* -0.24** -0.20* -0.36*** 
25. Positive Affects 0.25** 0.21* 0.22** 0.09 0.03 -0.06 -0.02 
26. Negative Affectt -0.09 -0.06 -0.17* 0.12 0.24** 0.12 0.00 
27. Opennessu 0.27** 0.26** 0.14 -0.03 0.05 -0.04 0.08 
28. Conscientiousnessv 0.35*** 0.19* 0.33*** 0.01 -0.08 0.12 0.08 
29. Extraversionw 0.05 0.14 0.02 0.09 0.16 0.09 -0.17* 
30. Agreeablenessx 0.08 -0.03 0.10 -0.02 0.05 -0.04 -0.09 
31. Emotional Stabilityy 0.12 0.05 0.18* -0.18* -0.08 -0.12 0.01 
32. DCCS (Attention)z -0.13 0.00 -0.01 -0.24** 0.00 -0.15 0.15 
33. Flanker (Inhibitory Control)aa -0.03 -0.05 0.01 -0.19* 0.02 0.10 0.17* 
34. List Sorting (Working Memory)bb 0.05 0.04 0.07 -0.14 -0.01 -0.15 0.16* 
35. Pattern Comparison (Processing Speed)cc 0.11 0.12 0.21* -0.09 -0.13 0.03 0.15 
36. Fluid Cognition (Composite)dd 0.04 0.07 0.14 -0.22** -0.07 -0.05 0.23** 
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Table 16. continued 
Variable 22 23 24 25 26 27 28 
22. SOC-related Usep 1.00       
23. Memory Tacticsq -0.25** 1.00      
24. Other Strategiesr -0.48*** -0.21* 1.00     
25. Positive Affects -0.02 0.10 0.03 1.00    
26. Negative Affectt 0.19* 0.00 0.01 -0.02 1.00   
27. Opennessu 0.07 -0.05 0.02 0.33*** -0.05 1.00  
28. Conscientiousnessv 0.07 -0.02 -0.02 0.29*** -0.24** 0.16 1.00 
29. Extraversionw 0.01 -0.09 0.04 0.20* -0.08 0.33*** 0.09 
30. Agreeablenessx -0.05 0.13 -0.05 0.17* -0.23** 0.12 0.16 
31. Emotional Stabilityy -0.10 -0.10 0.02 -0.01 -0.43*** -0.03 0.05 
32. DCCS (Attention)z 0.04 -0.15 0.08 0.00 -0.10 0.05 -0.05 
33. Flanker (Inhibitory Control)aa 0.17* -0.06 -0.10 -0.06 0.01 -0.13 -0.13 
34. List Sorting (Working Memory)bb 0.05 -0.05 0.05 -0.01 -0.16 -0.09 0.02 
35. Pattern Comparison (Processing Speed)cc 0.04 0.11 -0.11 -0.04 -0.08 -0.02 0.15 
36. Fluid Cognition (Composite)dd 0.10 -0.01 -0.05 -0.04 -0.12 -0.06 0.04 

 
Table 16. continued 
Variable 29 30 31 32 33 34 35 36 
29. Extraversionw 1.00        
30. Agreeablenessx 0.12 1.00       
31. Emotional Stabilityy 0.05 0.26** 1.00      
32. DCCS (Attention)z 0.02 -0.05 0.13 1.00     
33. Flanker (Inhibitory Control)aa -0.05 -0.07 0.15 0.51*** 1.00    
34. List Sorting (Working Memory)bb -0.05 0.08 0.23** 0.32*** 0.08 1.00   
35. Pattern Comparison (Processing Speed)cc 0.00 -0.10 0.05 0.28** 0.33*** 0.18* 1.00  
36. Fluid Cognition (Composite)dd -0.03 -0.06 0.18* 0.69*** 0.62*** 0.57*** 0.79*** 1.00 

Note. *p < .05.  **p < .01. ***p < .001. 2-tailed. 
aReported Subjective Memory Loss includes the participants that self-reported confusion or memory 
loss that is happening more often or is getting worse during the past 12 months. 
bSelf-rated Physical Health and cSelf-rated Mental Health are subscales from the SF-12 Health 
Survey. 
dHTKS Total Score and eHTKS Completion Time (seconds) = Scores used for analysis of the Head-
Toes-Knees Shoulders Task (HTKS; McClelland & Cameron, 2012). 
fSOC – S = SOC Selection Sub-scale 
gSOC – ES = SOC Elective Selection Sub-scale 
hSOC – LBS = SOC Loss-based Selection Sub-scale 
iSOC – O = SOC Optimization Sub-scale 
jSOC – C = SOC Compensation Sub-scale 
kSOC = Selection, Optimization, and Compensation – Short Version (Baltes et al., 1995). 
lMentioned Difficulty = Coded yes if participant’s response mentioned any difficulty while 
completing HTKS. 
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mLBS Use = Coded yes if participant’s strategy indicated any loss-based selection processes. 
nO Use = Coded yes if participant’s strategy indicated any optimization processes. 
oC Use = Coded yes if participant’s strategy indicated any compensatory processes. 
pSOC-related Use = Coded yes if participant’s strategy indicated any SOC-related strategy. 
qMemory Tactics = Coded yes if participant’s strategy indicated any memory or remembering tactic. 
rOther Strategies = Coded yes if participant’s response indicated any strategy other than SOC-related 
strategies. 
sPositive Affect and tNegative Affect = Sub-scales derived from the Positive and Negative Affect 
Schedule (PANAS; Watson, Clark & Tellegen, 1988).  
uOpenness, vConscientiousness, wExtraversion, xAgreeableness, and yEmotional Stability = Sub-
scales from the Ten Item Personality Inventory (TIPI; Gosling, Rentfrow, & Swann, 2003). 
zDCCS (Attention), aaFlanker (Inhibitory Control), bbList Sorting (Working Memory), ccPattern 
Comparison (Processing Speed), and ddFluid Cognition (Composite) = Age-adjusted scores from the 
NIHTB = National Institutes of Health Toolbox – Cognition Battery (www.nihtoolbox.org). DCCS = 
Dimensional Change Card Sort Task = a measure of attention. Flanker Task = a measure of 
inhibitory control and attention. List Sorting Task = a measure of working memory. Pattern 
Comparison = a measure of processing speed. Fluid Cognition is a composite score comprised of the 
sum of scores on the DCCS, Flanker, List Sorting, and Pattern Comparison tasks.  
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6. Conclusion 

This thesis study provides evidence for the Head-Toes-Knees-Shoulders task as a reliable 

and valid measure of EF in a community dwelling older adult sample. We argue these findings 

pave the way for future studies to examine the HTKS as a potential new and effective MCI and 

dementia screening instrument. The HTKS is a brief, low-cost, easy to administer instrument that 

incorporates motoric engagement in ways that existing cognitive screening tools do not. In child 

samples, McClelland et al. (2014) identified HTKS’ ability to predict self-regulatory behavior 

and educational achievement. Perhaps in older adult samples, the HTKS could be utilized as a 

screening tool for those in community (senior center, fitness club), medical (doctor’s office), or 

institutionalized care settings (e.g. nursing home, memory care). Individual differences in 

personality and strategy use are important contextual factors when interpreting HTKS 

performance in older adults. Higher levels of emotional stability and conscientiousness, and 

lower levels of agreeableness were related to better HTKS performance. The majority of the 

sample employed some kind of strategy during HTKS administration, evidence of developmental 

regulation processes allocating resources to maximize gains and minimize losses in EF ability 

during HTKS administration. With optimism and eagerness, we look forward to understanding 

more fully the potentially important roles the HTKS may provide in the scholarship of cognitive 

aging.  
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8. Appendix: Measures 
 

1. Demographic Form 
Demographic Information 

1. What is your sex? (Please circle one) MALE FEMALE 

2. What is your age? ________ years 

3. What ethnicity do you identify with? (Please circle one) 

1. HISPANIC or LATINO/LATINA 

2. NOT HISPANIC or LATINO/LATINA 

4. What race do you identify with? (Please circle one) 

1. ASIAN 

2. BLACK or AFRICAN AMERICAN 

3. CAUCASIAN 

4. NATIVE, HAWAIIAN, or OTHER PACIFIC ISLANDER 

5. OTHER: __________________________ 

5. What is your marital status? (Please circle one) 

1. MARRIED 

2. DIVORCED 

3. SINGLE 

4. WIDOWED 

PLEASE PROCEED TO THE NEXT PAGE 
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2. Behavioral Risk Factor Surveillance System: Cognition Module  

BRFSS 
The next few questions ask about difficulties in thinking or remembering that can 
make a big difference in everyday activities. This does not refer to occasionally 
forgetting keys or the name of someone you recently met, which is normal. This 
refers to confusion or memory loss that is happening more often or getting worse, 
such as forgetting how to do things you’ve always done or forgetting things that 
you would normally know. We want to know how these difficulties impact you. 

 
1. During the past 12 months, have you experienced confusion or memory loss that 

is happening more often or is getting worse? 

1  Yes 
2  No [Announce to student researcher you are ready for the next         

       section] 
 
7 Don’t know [Go to Q2] 
9 Refused [Announce to student researcher you are ready for the    
                         next section]  
 
 

2. During the past 12 months, as a result of confusion or memory loss, how often 

have you given up day-to-day household activities or chores you used to do, such 

as cooking, cleaning, taking medications, driving, or paying bills? 

1  Always 
2 Usually 
3 Sometimes 
4 Rarely 
5 Never 
 
7  Don’t know 
9 Refused 

PLEASE PROCEED TO THE NEXT PAGE 
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3. As a result of confusion or memory loss, how often do you need assistance with 

these day-to-day activities? 

1  Always 
2 Usually 
3 Sometimes 
4 Rarely [Go to Q5] 
5 Never [Go to Q5] 
 
7  Don’t know 
9 Refused 
 

NOTE: If Q3 = 1, 2, or 3, continue. If Q3 = 4 or 5, go to Q5. 

4. When you need help with these day-to-day activities, how often are you able to 

get the help that you need? 

1  Always 
2 Usually 
3 Sometimes 
4 Rarely 
5 Never 
 
7  Don’t know 
9 Refused 
 
 
 
 
 
 

 
 
 
 

PLEASE PROCEED TO THE NEXT PAGE 
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5. During the past 12 months, how often has confusion or memory loss interfered 

with your ability to work, volunteer, or engage in social activities outside the 

home? 

1  Always 
2 Usually 
3 Sometimes 
4 Rarely 
5 Never 
 
7  Don’t know 
9 Refused 
 

6. Have you or anyone else discussed your confusion or memory loss with a health 

care professional? 

1 Yes 
2 No 
 
7 Don’t know 
9 Refused 

 
 
 
 
 
 
 
 
 
 
 

PLEASE PROCEED TO THE NEXT PAGE 
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3. SF-12 Health Survey 

 
 
 

[Announce to student researcher you are ready for the next section] 
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4. Head-Toes-Knees-Shoulders Task (HTKS; McClelland & Cameron, 2012) 

 

Requests for this measure can be made using the following website address: 

http://health.oregonstate.edu/labs/kreadiness/resources 

 

Measure Citation:  

McClelland, M. M., Cameron, C. E., Duncan, R., Bowles, R. P., Acock, A. C., Miao, A., & Pratt, 

M. E. (2014). Predictors of Early Growth in Academic Achievement: The Head-Toes-

Knees-Shoulders Task. Frontiers in Psychology 5(599), 1 – 14. doi: 

10.3389/fpsyg.2014.00599. 
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5. Brief Interview 

BRIEF INTERVIEW 

Please answer the following questions regarding your experience with the last task 

you just completed. Write as much or as little as you would like for each question. 

1. What were the difficulties you faced when taking the test? Did you come up 

with any kind of strategy to help yourself remember which rules to follow? 

Please describe any potential strategy used, whether or not it worked, and 

why you used it in the space below.  

 

  

 

2. Would you be interested in playing a game similar to the task you just 

completed in other studies? 

 

3. Would you be interested in playing a game similar to the task you just 

completed as an app on an IPad? 

 

PLEASE PROCEED TO THE NEXT PAGE 
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6. SOC Questionnaire – Short Version 

Here are a list of items that describe two different people. Items describing Person A 

are on the left side of the paper. Items describing Person B are on the right side of the 

paper. For each item, choose which person is most similar to you. Please circle the 

sentence to indicate your choice.  

Person A            Person B 

1. I concentrate all my energy on a few 

things 

I divide my energy among many thing. 

2. I always focus on the one most 

important goal at a given time. 

I am always working on several goals at 

once. 

3. When I think about what I want in life, 

I commit myself to one or two important 

goals. 

Even when I really consider what I want 

in life, I wait and see what happens 

instead of committing myself to just one 

or two particular goals. 

4. When things don’t go as well as before, 

I choose one or two important goals. 

When things don’t go as well as before, I 

still try to keep all my goals. 

5. When I can’t do something important 

the way I did before, I look for a new 

goal. 

When I can’t do something important the 

way I did before, I distribute my time and 

energy among many other things. 

6. When I can’t do something as well as I 

used to, I think about what exactly is 

important to me. 

When I can’t do something as well as I 

used to, I wait and see what comes.  
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7. I keep working on what I have planned 

until I succeed. 

When I do not succeed right away at what 

I want to do, I don’t try any other 

possibilities for long. 

8. I make every effort to achieve a given 

goal. 

I prefer to wait for a while and see if 

things will work out themselves. 

9. When something matters to me, I 

devote myself fully and completely to it. 

Even when something matters to me I still 

have a hard time devoting myself fully 

and completely to it.  

10. When things don’t go as well as they 

used to, I keep trying other ways of doing 

it until I can achieve the same result I used 

to. 

When things don’t go as well as they used 

to, I accept it. 

11. When something in my life isn’t 

working as well as it used to, I ask others 

for advice or help.  

When something in my life isn’t working 

as well as it used to, I decide what to do 

about it myself, without involving other 

people. 

12. When it becomes harder for me to get 

the same results, I keep trying harder until 

I can do it as well as before. 

When it becomes harder for me to get the 

same results as I used to, it is time to let 

go of that expectation.  

 
 
 
ANNOUNCE TO STUDENT RESEARCHER YOU ARE READY FOR THE 

NEXT SECTION 
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7. NIH Toolbox: Cognition Battery 

The NIH Toolbox measures (computer based assessment) will be administered in 

this order:  

1. Dimensional Change Card Sort Test  

2. Flanker Inhibitory Control and Attention Test 

3. List Sorting Working Memory Test 

4. Pattern Comparison Processing Speed Task 
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8. Positive and Negative Affect Schedule 

This scale consists of a number of words that describe different feelings 
and emotions. Read each item and then list the number from the scale 
below next to each word. Indicate to what extent you have felt this 
way TODAY:  
 
 
 

Very Slightly or A Little Moderately Quite a Bit Extremely 
                     Not at All 
      1           2   3  4  5  
 
 
_________ 1. Interested    _________ 11. Irritable 
_________ 2. Distressed    __________12. Alert 
_________ 3. Excited     _________ 13. Ashamed 
_________ 4. Upset     _________ 14. Inspired 
_________ 5. Strong     __________15. Nervous 
_________ 6. Guilty     __________16. Determined 
_________ 7. Scared     _________ 17. Attentive 
_________ 8. Hostile     __________18. Jittery 
_________ 9. Enthusiastic    _________ 19. Active 
_________ 10. Proud     _________ 20. Afraid 
 

 

 

 

 

PLEASE PROCEED TO THE NEXT PAGE 
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9. Ten Item Personality Inventory 

Here are a number of characteristics that may or may not apply to you. Please write 

a number next to each statement to indicate the extent to which you agree or 

disagree with that statement. 
 

Disagree      Disagree          Disagree       Neither agree       Agree        Agree        Agree           
Strongly      Moderately        A little         Nor disagree A little       Moderately      Strongly 
        
    1    2                        3                     4      5           6  7 

I see myself as… 

____1. Extraverted, enthusiastic.  

____2. Critical, quarrelsome. 

____3. Dependable, self-disciplined. 

____4. Anxious, easily upset. 

____5. Open to new experiences, complex. 

____6. Reserved, quiet. 

____7. Sympathetic, warm. 

____8. Disorganized, careless. 

____9. Calm, emotionally stable. 

____10. Conventional, uncreative. 

 
PLEASE ANNOUNCE TO STUDENT RESEARCHER YOU HAVE FINISHED. 
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