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Abstract 

 

Controlled regulatory processes involve systematic means of adjusting 

psychophysiological functioning according to external or internal directives. In the 

process of developmental maturation, this ability to regulate thoughts and emotions in a 

controlled manner deteriorates, and with it, the overall quality of life. The study of 

mindfulness disposition as an inter- and intra-individual variable has recently garnered 

significant attention, with mounting evidence supporting the association of trait 

mindfulness with various cognitive, emotional, and most recently, neural health benefits. 

These findings, however, have been predominantly limited to young adults, and it is 

poorly understood what the effects of mindfulness disposition are in relation to older 

adults’ cognitive, affective, and neural processes. In the current work, we present a 

comprehensive review of how cognitive and emotional control change, behaviorally and 

neurally, as a function of age and examine how a mindfulness-based model may have the 

potential to counteract such nuanced age-related alterations in controlled regulatory 

processing. By developing more refined methods of examining age-related changes in 

cognitive, affective, and neural functioning, we move closer towards understanding the 

complex controlled regulatory processes of the brain and our potential ability to protect 

them by harnessing basic, pre-existing neuroprotective resources. 
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Chapter 1:  Introduction 

 

The process of aging signifies a remarkable metamorphosis of the human brain. 

Gradual alterations in the structural and functional neuroanatomy of the brain over the 

course of a lifetime culminate in fundamental changes in qualitative day-to-day 

functioning. In the U.S., the aging of the baby boomer generation has not only instigated 

an increase in the resources and services devoted to older people, but has also given rise 

to the specialized field of gerontology research. A central focus of this field of work lies 

in securing the quality of life of older adults, a large-scale endeavor which involves first, 

transliterating the elements of human vitality into primitive, remediable processes of 

controlled, regulatory behavior and secondly, developing strategies by which to support 

or strengthen the age-related break-downs associated with such processes in old age. 

Controlled regulatory processes involve systematic means of adjusting 

psychophysiological functioning according to external or internal directives. In an 

important sense, controlled processing represents the pinnacle of complex and intelligent 

human behavior, allowing for flexible, dynamic action and influencing the individual’s 

ability to subjectively experience, react to, and interact with the natural world and its day-

to-day happenings,  
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The centerpiece of controlled regulatory processing is differentiated into two 

complementary processes, cognitive control and emotional control. Although cognitive 

and emotional processes have been traditionally construed as separate and independent, 

the former involving mental operations such as planning and problem-solving and the 

latter pertaining to the psychophysiological generation and regulation of mood and affect, 

extensive research suggests that on various levels, the two are inextricably linked, mainly 

separated only by the affective significance of the given stimulus to the system. For 

example, whereas a failure of cognitive control may take the form of context-

inappropriate behavior, such as reading a word when instructions dictate that one should 

only name the ink color in which the word is printed, impaired emotional regulation may 

be represented as an inability to suppress a fear response even after the emotion-eliciting 

event has long passed. Because the neural basis of controlled regulatory processing 

involves a complex of top-down and bottom-up pathways that are mutually engaged and 

influenced by emotional and cognitive processes, the relationship between cognition and 

emotion is by extension a reciprocal and interdependent one. Indeed, various studies have 

provided evidence of a direct correspondence between poor affective functioning and 

subsequent impairment in cognitive control performance, as is often noted in cases of 

anxiety and depression (Langenecker, 2006). Increasingly, cognitive and emotional 

control are being recognized as complementary regulatory control processes that locally 

function in tandem but yet follow divergent functional trajectories with age. A multitude 

of studies have documented the paradoxical emergence of age-related enhancement in 
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emotional efficacy in the midst of general diminishment in overall cognitive functioning. 

What is clear is that, given the integrated mental architecture shared by emotion-

cognition processes, older adults’ aptitude for emotion regulation represents an 

opportunity to harness enhanced abilities in one domain to bolster deficits in other related 

areas. 

With the expectations of what older adults believe they should be capable of 

steadily rising, especially in the context of today’s increasingly complex environment, a 

critical understanding of the mechanistic organization of cognitive and emotional 

functioning and their potential flexibility across the developmental lifespan represents the 

core of current investigative efforts to better classify, understand, and counteract overall 

age-related declines in functioning.  The present work reviews current literature in the 

aging field regarding cognitive and emotional functioning in older adults and presents a 

novel mindfulness-based model for conceptualizing the relationship between mindfulness 

and emotion-cognition control processes and its subsequent implications for the dynamics 

of brain functioning in the elderly. The following sections recapitulate the neuroscience 

field’s most current understanding of (1) cognitive control, (2) emotional control, (3) the 

changes incurred in each sub-process as a function of age, and (4) the general amenability 

of such regulatory control processes to neuroplastic enrichment. 

Dual-Systems Model of Controlled Regulatory Processes 

 In psychology, the most prominent accounts of human behavior involve a dual-

process model. According to these accounts, the determinants of behavior are based on 
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two different modes of information processing, which, although recognized by varying 

terms, such as spontaneous vs. deliberate (Fazio, 1999), automatic vs. controlled 

(Schiffrin & Schneider, 1977), proactive vs. reactive (Braver & Cohen, 2001), and hot vs. 

cool (Metcalfe & Mischel, 1999), refer to two discrete modes of cognition, one being 

slow, deliberate, and effortful, and the other being fast, automatic, and impulsive. 

Whereas the controlled mode of processing involves the overcoming of reflexive habits 

and the generation of new action plans in different situations, the automatic mode of 

processing is thought to be conditionally triggered by certain situational factors, affective 

evaluations, and/or select behavioral tendencies. Control processes, whether cognitive or 

emotional in nature, are subject to the same set of external and internal contingencies and 

operate in the same basic fashion. A study by Hoffman and colleagues (2008) 

demonstrated that the automatic personality trait of angriness, characterizing an 

individual’s tendency to associate the self with the emotional concept of angriness was 

predictive of the degree of negative social feedback in a provoking situation for 

individuals low in working memory capacity but not those that were high. This study 

suggests that, consistent with the dual-process view, automatic and controlled precursors 

compete with another for behavior determination and that the greater the ability to retain 

a single representation in a quickly retrievable state (i.e., working memory capacity), the 

more successful one is in inhibiting the influence of automatic precursors and 

maintaining self-regulatory standards which may then by used for goal-directed 

emotional regulation (Hoffman et al. 2008). Thus, in this review, we present the 
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interrelated processes of cognitive control and emotional control as parallel branches of 

the dual-processing model, each varying slightly in its particular function, but ultimately 

sharing a common neurocognitive mechanism of operation. 

Cognitive control. The construct of cognitive control involves a set of executive 

control functions that enable information processing and behavior to vary flexibly and 

adaptively on a moment-to-moment basis according to current goals. Historically, the 

development of cognitive control capacity has been characterized by a linear function 

from infancy to adolescence, but with advanced stages of aging, this trend may be more 

accurately depicted as an inverted parabola, with older adults showing pronounced 

declines in cognitive control processes. One of the most consistent findings in cognitive 

aging research is the presence of a breadth of cognitive deficits in older adults, including 

learning, episodic memory, working memory, and inhibition (Park & Reuter-Lorenz, 

2009). Newer work indicates that general cognitive dysfunction in the elderly may 

actually be rooted in a core age-related deficiency in controlled cognitive processes. 

Governing these higher-order cognitive processes is an integral cognitive control 

component, the functional impairment of which, whether through aging, 

neurodegenerative disease, or traumatic brain injury, results in compromised executive 

functioning (Unsworth et al., 2012). Successful performance in many cognitive contexts, 

including everyday situations in our complex environment, is inherently linked, to 

varying degree, to our ability to selectively and purposefully direct behavior towards a 

given outcome or goal. Such cognitive control processes, based on the internal 
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representation of contextual or task-related goals, enable the supersedence of automatic 

responses in favor of less salient, task-related goals.  

Extant theories of executive functioning suggest that the cognitive control system 

largely enacts the active maintenance of contextual or goal-related information and 

inhibition of pre-potent, goal-irrelevant representations and responses via working 

memory processes (Braver et al., 2007; Gray et al., 2003). Working memory, reflecting 

the “ability to simultaneously maintain and process goal-relevant information,” is 

associated with the suppression of reflexive responses, avoidance of distracting stimuli, 

and rapid focusing of attention (Conway & Engle, 1996). Working memory capacity is 

particularly critical in situations involving various relevant distracters and/or automatic 

behaviors which conflict with goal behavior. Inter- and intra-individual differences in 

working memory have been shown to be a strong predictor of various cognitive abilities, 

including language comprehension, fluid intelligence, and learning (Kane & Engle, 

2003). According to the goal-maintenance account of controlled processing, the core of 

this critical working memory system is a controlled-attention component, which is 

thought to account for the association between working memory measures and complex, 

higher-order cognitive processes (Kane & Engle, 2003).  

The controlled-attention component of working memory, the underlying 

mechanism upon which cognitive control operations appears to be reliant, has been 

associated with the active maintenance of goals or contexts and functions to appropriately 

bias responses towards a goal state (Kane & Engle, 2003).  Context here can be broadly 
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thought of as a subset of representations which can influence how other representations 

are to be used to guide behavior (e.g., instructions, a cue, previous stimuli) (Braver et al., 

2007). While inhibitory mechanisms are thought to play an important role in the 

suppression of irrelevant information and overriding of automatic behaviors (Gerard et 

al., 1991), newer research proposes that effective cognitive control is more likely dually 

determined, the successful execution of controlled processing involving not just 

competition resolution, but goal maintenance (i.e., the maintenance of contextual 

information) as well.  It is suggested that the operation of the controlled-attention 

mechanism is fundamentally contingent on the immediate accessibility of goal 

information. In the context of a classic cognitive control paradigm such as the Stroop 

task, for example, the resolution of attentional interference appears to rely on a series of 

hierarchical goal abstractions (i.e., the active maintenance of “intention”, Braver & 

Cohen, 1999).  Supporting this view, research indicates that individuals with higher 

working memory capacity are better at both maintaining goal-related information as well 

as resolving conflicting responses in interference-rich situations (Rednick and Engle, 

2011). Thus, the goal-maintenance account of cognitive control insists that the function 

of working memory extends beyond the mere preservation of contextual representations 

of external stimuli, encompassing the maintenance of internal goal representations and 

action plans as well.  

Abundant neuropsychological and neurophysiological evidence suggests the 

prefrontal cortex (PFC), a brain region critically involved in working memory, to be one 
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of the main neural corollaries of higher-order cognitive control (Norman & Shallice, 

1986; Shallice, 1982; Shallice, 1988; Baddeley, 1986). The diminished functionality of 

the lateral PFC has long been known to underlie behavioral tendencies of goal neglect in 

clinical and non-clinical populations, from patients with severe frontal damage to healthy 

individuals with lower general fluid intelligence (Mesulam, 2002; Duncan, 1995).  In the 

context-processing theory of cognitive control (Braver, 2000), the PFC plays a key role in 

controlled processing. This model of cognitive control hinges on three main assertions: 1) 

the PFC is specialized for the representation and maintenance of context information; 2) 

context representations act to mediate control by modulating information flow along the 

pathways required to support performance of a task; and 3) context information is 

maintained in the PFC as a stable and self-sustaining pattern of neural activity. Contrary 

to the classic Baddeley model of working memory (Baddeley, 1986), the context-

processing view makes the radical assertion that the representation and storage of 

contextual information, the critical components underlying cognitive control, are actually 

neurobiologically integrated (not separate) functions subserved by the PFC (context here 

merely representing a key component of working memory). The PFC is suggested to both 

represent and actively maintain contextual, goal-relevant information, with PFC-mediated 

goal representations in working memory serving to influence the transcription of 

contextual representations into appropriate, goal-driven behavior (Braver & Cohen, 

2001). 
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The successful exercise of control over thought and behavior is accomplished 

through the PFC’s exertion of top-down control on the posterior and subcortical brain 

regions involved in task-specific processing based on online goal representations (Miller 

& Cohen, 2001; Tamber-Rosenau et al., 2011). Specifically, the lateral PFC (LPFC) is 

associated with the representational coding of temporal context and internal behavioral 

goals; the storage and maintenance of contextual representations in a highly accessible 

form; and the down-stream biasing of activity in other cortical regions involved in task-

specific processes, such as action selection and memory retrieval.  Here, the PFC’s 

unique ability to bias the information processing stream as well as preparatory behavior 

in a top-down fashion based on current goals/context is depicted as an emergent by-

product of the large-scale neural interactions between the PFC and various other 

neurobiological components with specialized processing functions (Braver et al., 2007). 

The concerted activity of the PFC and areas such as the anterior cingulate cortex (ACC), 

involved in interference detection, the posterior cortex, involved in the selective 

processing of sensory information and storage of domain-specific knowledge, and medial 

temporal lobe (MTL) structures, involved in associative binding and memory 

consolidation, enable the production of context-specific, goal-relevant behavior (Braver 

& Cohen, 2001). 

 In summary, the hierarchy of cognitive processes associated with executive 

function is operationally linked to the integrity of the working memory system and its 

specific capacity to dynamically maintain and process contextual, goal-related 
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information. Thus, it is suggested that the concept of cognitive control, the ability to 

engage in goal-driven behavior, is fundamentally reliant on the individual’s initial 

capacity to actively sustain intention throughout a period of time. Studies indicate that 

this ability, governed by the controlled-attention component of working memory and 

primarily housed in the PFC, plays a critical role in a subset of various cognitive 

functions. 

Emotional control. In conjunction with controlled cognitive processing, the 

ability to exert effective control over emotional experiences represents a biologically 

adaptive and psychologically constructive exercise of self-regulation. In the dual-process 

model of controlled regulatory processing, the modulation of emotion is particularly 

delicate, as affective regulation, unlike pure cognitive control processing, involves 

individual managing outward behavioral expression as well as internal subjective 

experience. In emotional control too, the line between effective and ineffective regulation 

is less clear than in studies of cognitive control. Emotion regulation, referring to the 

individual capacity to change the subjective experience of emotion, including the 

temporal context in which it is experienced as well as the intensity and behavioral 

expression of that emotion (Gross, 1998), has important implications for decision-

making, social functioning, psychopathological development, homeostatic processes, and 

overall quality of life. The process model of emotion dictates that the emotion-generative 

process begins with the evaluation of an emotional cue, which thereby triggers a set of 

physiological, psychological, and behavioral response tendencies (Gross, 2003). At any 
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time point during this multi-level cascade process, a number of emotion regulation 

strategies may be employed to modulate the experiential outcome associated with the 

emotion-eliciting event. To the extent that emotional responding is changed based on 

attentional redirection or a reinterpretation of emotion-eliciting situations, emotional 

regulation has been thought of as being conceptually linked to cognitive control. In fact, 

according to process models of emotion regulation, the most powerful forms of emotion 

regulation indeed involve the cognitive control of emotion (McRae et al., 2012). 

Emotional control may therefore be understood as a regulatory mechanism utilizing a 

variable combination of attentional control and cognitive change, processes localized to 

the same distributed neural system (Ochsner, 2005). Thus, although regulatory strategies 

differ from emotional suppression to cognitive reappraisal of the situation to response-

focused coping, evidence suggests that the functional architecture recruited in emotional 

control remains the same, namely involving many of the same areas that support 

controlled cognitive processing. 

The neural circuitry of emotional processing involves key regions of the frontal 

cortex, specifically the mPFC and dlPFC, as well as subcortical structures such as the 

amygdala and other association cortices. The established structural and functional 

connections between this frontal-based top-down network and subcortical bottom-up 

processing system represent the integrated neural infrastructure through which emotional 

responses are generated, coordinated, and modulated based on the allocation of cognitive 

resources. A failure in either system, resulting in either an amplification of the emotional 
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cue’s saliency or a failure to appropriately dampen emotional reactivity, may be 

sufficient to impede the successful deployment of emotional control. The amygdala, 

responsible for the automatic detection of emotions and the generation of physiological 

responses, is associated with emotional reactivity and plays an important role in 

processing salient, goal-relevant information. Numerous studies have shown that this 

structure not only supports the recognition of emotional facial expressions in day-to-day 

social contexts, but also modulates the encoding of declarative knowledge related to 

affective stimuli (Adolphs, 1999). In psychopathological conditions like anxiety which 

involve a heightened sensitivity to threat and an excessive fear response, the amygdala 

displays a dysfunctional pattern of activation, showing enhanced activation in response to 

affective stimuli as well as a failure to habituate over time (Blair, 2003). Studies in 

emotion research further indicate that amygdala dysfunction is also generally 

accompanied by an impairment of the orbitofrontal cortex (OFC), a region sharing 

extensive projections with the amygdala and playing a critical role in the affective 

representation of reinforcers and decision-making. Coupled with increased sustained 

activation of the amygdala is also the disrupted functioning of frontal cognitive-control 

regions like the dlPFC. With decreased top-down prefrontal activation, excessive limbic 

activity is left unchecked, thereby further supporting the monopolization of cognitive 

resources by the reflexive, bottom-up system associated with visceral reactivity. Through 

this interactive process, the effective exercise of emotional control is rendered ineffective 

(Rosenkranz et al., 2003). 
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In studies of emotional control, a prominent area of interest involves determining 

whether effective emotion regulation involves altering the low-level, bottom-up system 

of automatic processing or focusing on enhancing higher-level, top-down networks 

involved in cognitive reappraisal. To evaluate the relative contributions of top-down vs. 

bottom-up processes, a study by Ochsner and colleagues (2009) utilized a more nuanced 

method of studying emotional processes. By using a combination of aversive images 

(bottom-up trials) and neutral images that required cognitive reinterpretation as negative 

(top-down trials), this study found evidence suggesting that the generation of emotion 

utilizes separate but closely related mechanisms of top-down and bottom-up processing. 

Here, the amygdala is coative with either the top-down system, used to access higher-

level cognitive representations of the stimuli’s meaning, or with the bottom-up system 

involved in processing perceptual representations of the stimuli. Consistent with the dual-

process model of emotional control, findings imply that neither a purely bottom-up nor a 

purely top-down mechanism of control, but instead, a combination of both are needed to 

fully explain the generation of emotion and determine its effective regulation. Thus, in 

parsing apart these two related pathways of emotional control, the present study, as will 

be described, argues for the use of an emotional paradigm that involves both top-down 

and bottom-up mechanisms. 
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Chapter 2: Cognitive and Emotional Control in Older Adults 

 While sharing an integrated neuroarchitecture and operating using a similar dual-

process system, cognitive and emotional control, when studied in the context of aging, is 

remarkably divergent. A paradox that has long perplexed the aging research field is the 

emergence of an age-related enhancement in emotional efficacy in the midst of general 

diminishment in basic cognitive functioning. It appears that, at the peak of human 

development, cognitive control capacity is at its greatest whereas emotion regulation 

ability is at its lowest, and that this trend is interestingly reversed with advanced age. The 

following sections review in detail this pattern of change in emotional and cognitive 

functioning in older adults, concluding with a consideration for how this age-related 

advantage in the emotional functioning of the elderly may be utilized to bolster evident 

deficits in cognitive functioning. 

Cognitive Aging 

Emerging theories of healthy cognitive aging suggest that age-related variation in 

cognitive functioning is fundamentally linked to aging-based deficiencies in cognitive 

control (Braver et al., 2008; De Jong, 2001) There has been unequivocal evidence 

demonstrating that older adults, in comparison to young adults, consistently demonstrate 

poorer executive control capabilities, showing marked deficits in the ability to maintain 

task items online and/or quickly and accurately manipulate information (Goh, 2012; Park 
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& Reuter-Lorenz, 2009). Cross-sectional and longitudinal research confirm that older 

adults experience difficulty performing tasks that require attending and responding to 

multiple sources of information, with age-related declines in executive processes 

occurring around 30 years of age and declining steadily across the lifespan (Park & 

Reuter-Lorenz, 2009).   

In describing the root cause of age-related cognitive control decline, a unified 

theory of cognitive aging by Gazzaley and colleagues suggests that impairments in 

controlled cognitive processing arise from a disturbance in the top-down processing 

stream, caused by the intrusion of internal or external stimuli, or simply put, a general 

intrusion in goal maintenance (Gazzaley et al., 2005). At the interface of bottom-up, 

involving externally-generated information, and top-down, involving internally-generated 

information, processes lies the locus of cognitive control (Sarter et al., 2001), with 

failures of controlled cognitive processing being linked to the top-down control system’s 

vulnerability to interference, resulting in either reflexive, bottom-up predominant 

processing or a default, goal-irrelevant mode of cognition (Smallwood et al., 2011). 

Sustained attention or goal maintenance involves a component of selectivity, reflecting 

the ability to focus on relevant stimuli while ignoring irrelevant stimuli. Thus, a break-

down in active goal maintenance invariably results in a compromised working memory 

system, which corresponds to impaired attentional filtering and reduced goal-directed 

behavior, expressed as increased cognitive engagement with other free-floating internal 
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thoughts (i.e., failure to focus, associated with mind-wandering) or external, irrelevant 

stimuli in the environment (i.e., failure to ignore, associated with response conflict).  

Consistent with the latter case, Gazzaley and colleagues specified a model of 

cognitive aging in which age-related deficits in the cognitive control of working memory 

are based on a fragile, error-prone goal-maintenance system that is biased towards 

irrelevant contextual information (Gazzaley et al., 2005). Healthy aging is herein 

conceptualized as a problem in which the attentional filtering of older adults becomes 

increasingly diffuse so as to include not only relevant stimuli, but extraneous irrelevant 

stimuli as well. A number of functional magnetic resonance imaging (fMRI) and 

electroencephalogram (EEG) studies report a selective deficit in the ability of older adults 

to ignore or suppress task-unrelated information, with evidence for enhanced memory of 

distractor stimuli as well as attentional overprocessing of task-irrelevant information, 

which strongly correlates with diminished working memory performance (Gazzley et al., 

2005). In as far as goal maintenance represents a process of resistance to attentional 

interference, findings implicate that cognitive control decline in the elderly is indeed a 

problem of impaired top-down modulation, specifically in relation to the component 

associated with the controlled-attention mechanism of working memory. 

This is also largely consistent with general findings concerning the 

neurobiological underpinnings of cognitive control. The theory of context-processing in 

aging suggests that controlled processing in older adults becomes increasingly vulnerable 

to disruption over time due to age-related declines in PFC functioning (Braver & Barch, 
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2002). The structural and functional deterioration of the PFC in older adults is indeed one 

of the most consistently-reported findings in aging research. In older adults, the 

diminished ability for top-down modulation of irrelevant information is reflected by a 

general pattern of enhanced cortical activation in frontal regions. On tasks of cognitive 

control, for example, older adults, relative to young, demonstrate cortical overactivation 

in areas of the task-positive Cognitive Control Network (CCN), comprised of dorsolateral 

prefrontal cortex (DLPFC), inferior parietal cortex, and supplementary motor areas 

(Reuter-Lorenz et al., 2000; Cabeza et al., 2004), which is involved in goal-directed 

behavior. Moreover, older adults show a failure to modulate neural activity in these areas 

in response to increased task demands (Reuter-Lorenz et al., 2006; Prakash et al., 2009), 

suggesting a general deficiency and inflexibility in the utilization of PFC-based cognitive 

control resources (Reuter-Lorenz & Park, 2010).  

Furthermore, older adults exhibit age-related changes in the overall spatial 

distribution of neural activation during cognitive control tasks. Specifically, older 

individuals show an increase in PFC activity, along with diminished activity in more 

posterior regions, collectively termed the Posterior-to-Anterior Shift in Aging (PASA; 

Davis, 2008). Studies have suggested that the coupling of age-related frontal 

overactivation with attenuated activity in occipito-temporal regions may be indicative of 

a compensatory strategy of cortical recruitment, wherein anterior brain regions are 

recruited to compensate for the sensory processing deficits in more posterior regions 

which are consistently associated with aging. However, in light of the context-processing 
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theory of cognitive control, this phenomenon could be reasonably reframed as being 

associated with an early disruption in goal maintenance, which at the time of probe 

presentation, results in a failure to appropriately activate associative-sensory posterior 

regions in preparation for organized action. This may ultimately lead to a prolonged, 

effortful, and augmented recruitment of prefrontal regions in an effort to reactivate 

contextual information (Velanova et al., 2007).  

This is also consistent with what has been described as the problem of “the 

stickiness of processing” (Clapp et al., 2011), which suggests that aging is associated 

with difficulty in disengaging from irrelevant, distracting stimuli and reestablishing task-

set maintenance after interference. Recent fMRI research provides evidence to suggest 

that during a scene-based delayed recognition task with an embedded interruption by a 

face-based secondary task, older adults, but not young adults, showed a failure to 

disengage from the interrupting stimulus and an inability to reestablish functional 

connections associated with the original stimulus (Clapp et al., 2011). The study found 

that in older adults the functional connectivity between a region of the PFC, the middle 

frontal gyrus, and the parahippocampal place area, responsible for processing place 

information, once interrupted, was never recovered, suggesting older adults’ diminished 

ability to reactivate internal representations and to dynamically switch between functional 

brain networks involved in cognitive control.  New evidence also suggests that such 

functional changes in the organization of cognitive control processes take place 

independent of intrinsic changes in sensory regions, implying that susceptibility to 
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cognitive control impairment likely lies in the top-down control system and its functional 

integrity (A. Gazzaley, September 25, 2012).  

Corroborating evidence suggests that age-related shifts in the patterns of local 

brain activity and connectivity associated with cognitive control are paralleled by 

interesting age-related changes in the temporal dynamics of controlled processing. 

Velanova and colleagues (2007) found evidence of a temporally-extended response in the 

PFC of older adults, relative to young adults, during a controlled processing task. 

Specifically, older adults showed a failure to engage top-down attentional sets during 

early stages of a memory retrieval process, along with an increased recruitment of PFC 

regions during later stages. Findings suggested an age-related shift from an early- to late-

onset cognitive control strategy in older adults, wherein the failure of older adults to 

effectively filter incoming information resulted in an increased cognitive load at later 

processing stages. The aging brain, therefore, appears to be less effective at implementing 

early-selection processes during controlled processing, which leads to a shift in the 

reliance on elaborative late-selection processes. New research suggests that this temporal 

lag in neural activity is not constrained to cognitive control, but also occurs with memory 

retrieval (Early-to-late-shift-in-aging; Dew et al., 2011). 

In sum, age-related declines in cognitive functioning appear to follow a 

systematic, mechanistic pattern of change that can largely be related to general 

alternations in frontal-based cognitive control processes. These involve but are not 

limited to (1) increased reliance on frontal cognitive-control-related regions, (2) 
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diminished activity in posterior sensory-processing regions, and (3) the utilization of a 

temporally-lagged, late-onset strategy in older adults during controlled cognitive 

processing. Thus, the phenomenon of age-related cognitive decline encompasses a variety 

of dynamic age-related changes in neural functioning, all of which can be linked to a 

fundamental impairment in cognitive control, and perhaps more specifically, the capacity 

for goal-relevant task-set maintenance. 

The Dual Mechanisms of Cognitive Control provides a computational 

connectionist model of the neural dynamics of cognitive control, one capable of 

theoretically integrating empirical findings regarding the general trend of age-related 

shifts in cognitive functioning so frequently observed in the aging brain (Braver et al., 

2007).  This model advances a more nuanced view of age-related variation in cognitive 

control, one which posits a shift in older adults’ reliance on different types of cognitive 

control strategies, rather than a global diminishment of controlled processes throughout 

aging, a view which cognitive aging research has traditionally espoused.  The dual 

mechanisms of control (DMC) account explicitly frames older adults’ impaired ability to 

engage in efficient, preparatory processes in terms of an age-related shift from a proactive 

mode of cognitive control (a cognitive strategy reflective of a top-down bias and 

characterized by preparatory attention and a strong goal-relevant focus) to a reactive 

mode (a cognitive strategy reflective of a bottom-up reactivation of task-goals and 

characterized by increased goal-irrelevant processing and late correction), especially 

during the processing of high cognitive demand events (e.g., interference resolution). 
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Unlike some models of cognitive control, the DMC framework provides strong age-

specific predictions about expected behavioral patterns as well as associated neural and 

temporal dynamics based on the documented proactive-reactive shift in aging.  

Proactive control, if engaged, involves maintaining task goals over trials to 

enhance early selection of task-appropriate stimuli. Efficient performance, as evident in 

fast reaction times (RTs) and highly accurate performance, should reflect successful 

recruitment of proactive control. By contrast, slow trials predominantly reflect “last 

moment” recruitment of reactive control and are expected to be associated with decreased 

accuracy compared to fast trials. 

At a neural level, this mode of control is associated with an anticipatory and 

sustained activation of the LPFC at the onset of the imperative stimulus. In contrast, 

reactive control, reflecting a systematic bias and recurrent processing of bottom-up 

inputs, is behaviorally linked to longer response times but high accuracy. Neurally, this 

mode is associated with the activation of the anterior cingulate cortex (ACC) and a latent 

and transitory activation of the LPFC and other medial temporal lobe (MTL) structures.  

In fact, this finding is one of the most consistent in the cognitive aging literature. 

A well-known delayed-response task designed to differentiate between the two control 

strategies is the AX-CPT, a modified version of the classic Continuous Performance Test 

(CPT) (Rosvold et al., 1956) which requires the maintenance of probe goals in the 

context of cues. In this task, participants are presented with cue-probe pairs and 

instructed to make a target response to the X-probe, but only when it follows an A-cue 



22 
 

(AX). On all other trials, nontarget responses are required.  “AX” trials occur with high 

frequency (70%), with all other nontarget trials occurring in low frequency (10% 

frequency for “AY”, “BX”, and “BY” sequences, respectively), such that the A-cue and 

X-probe become strongly associated.  Based on this design, two types of biases are 

induced to examine the utilization of contextual cues to update task goals. First, “AY” 

trials introduce an expectancy bias which leads to a context-induced error and a tendency 

to make false alarms when the target A-cue is followed by a nontarget probe (“Y” instead 

of “X”).  Secondly, “BX” trials involve a target response bias which leads to a tendency 

to make a prepotent response when an X-probe follows a non-A-cue (“B” instead of 

“A”). Consistent with the theoretical age-related shift from a proactive control strategy, 

where response is mediated by cue, to a reactive control strategy, where response is 

mediated by the probe, older adults show a pattern of errors that suggests a failure to take 

advantage of cue information and a tendency to instead wait for the target. A study by 

Paxton (2008) demonstrated that activation in lateral PFC regions associated with goal 

maintenance during cue-related trials was diminished in older adults, whereas during 

probe-related trials, activity in these same regions was enhanced. 

 These findings are complemented by a number of investigations examining the 

functional and temporal dynamics of cognitive control. For example, recent work has 

suggested that over the course of highly controlled cognitive tasks, older adults 

demonstrate a behavioral tendency to shift from an early- to late-onset executive strategy 

(ELSA). Based on a combined blocked/event-related design, Paxton and colleagues 
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(2008) revealed enhanced sustained (i.e., across-trial) activity but a reduction in transient 

trial-related activation in LPFC among older adults, suggesting that age-related 

impairments in goal maintenance abilities may cause a compensatory shift in older adults 

from a proactive to a reactive cognitive control strategy (Paxton et al., 2008).  

In summary, aging appears to be associated with a less efficient reactive-control 

mode of processing (Braver & Barch, 2002). Older adults’ impaired ability to actively 

maintain representations of context, corresponding to an increased susceptibility to 

intrusive goal-irrelevant information, ultimately leads to a behaviorally-inappropriate 

and/or temporally protracted response. The DCM theory outlines a view of cognitive 

aging in which changes in higher-order cognitive processes emerge as a product of 

relative variation in controlled-processing. This model of cognitive aging is relatively 

compatible with other theories of aging, including the well-known inhibitory deficit 

account of aging (Hasher and Zacks, 1998) and the theory of attentional control 

deficiency in aging (Balota et al., 2000), which implies that failures of cognitive control 

can be more simply reduced to a fundamental failure in selecting and maintaining an 

appropriate goal or task-set (De Jong, 2001). It is proposed that, at a basic level, aging 

involves a neurocognitive shift in preferential cognitive control strategy such that older 

adults appear to experience a reduction in their mental attunement to the demands of their 

immediate environment. What remains to be explored is whether this systematic shift in 

cognitive aging is associated with certain stable intra-individual differences, which may 



24 
 

be comparable to the variation in control strategy observed as a function of motivational 

orientation, arousal level, and proneness to anxiety (Braver et al., 2007).  

Emotional Aging 

A lifespan analysis of emotion suggests that despite a pervasive pattern of 

impairment in cognitive, sensory, and motor capabilities, aging is associated with the 

preservation of emotional processing abilities. In fact, older adults, relative to young 

adults, demonstrate greater emotional stability (Carstensen et al. 1999) as well as higher 

levels of affective well-being (Carstensen et al., 2011; Charles et al., 2007). Research 

suggests that older adults may experience increased motivation to regulate emotion 

(Kennedy et al., 2004) and that they are generally better at utilizing and adapting 

regulation strategies according to the stressor (Blanchard-Fields, 2007). Findings also 

support the idea that aging may be associated with a diminished capacity to exert control 

over one’s environment, thus, older adults may be inclined to modify their self-views 

through the use of emotion regulation to adjust to a given situation, rather than attempting 

to alter the situation itself (Heckhausen & Schulz, 1995). One of the most highly-

accepted theories for the paradoxical increase in emotional well-being during old age is 

the socioemotional selectivity theory (Carstensen,1995), which posits that it is the shift in 

time perspective that leads older adults to place greater importance on emotional goals 

and to pay attention to the affective significance of information. Specifically, while 

young adults may perceive time as being more expansive, older adults, since they are 

closer to the perceived end of life, appear to be more focused on optimizing and enriching 
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their emotional experience. Indeed, older adults, relative to young, have been showed to 

be more likely to focus on the emotional meaning of information as well as how a 

particular experience makes them feel (Mather & Carstensen, 2005). 

In recent years, affective neuroscience has provided a platform for understanding 

this variation in terms of age-related differences in the neural bases of emotion 

regulation. The Fronto-amydalar Age-related Differences in Emotion (FADE, St. Jaques 

et al., 2009) theory, for one, has outlined a unified theory of older adults’ enhanced 

affective functioning based on a mechanistic, age-related shift in the interaction between 

the key neural regions involved in emotional processing. The FADE account suggests 

that the superior emotional regulation associated with the aging brain is reflected by 

reduced amygdala activation, coupled with increased recruitment of the frontal cortex, 

particularly the medial and lateral areas of the prefrontal cortex, during the perception of 

negative emotional stimuli. This converges with the findings of a number of 

neuroimaging studies reporting concurrent age-related alterations in the activity of the 

mPFC with that of the amygdala during emotional processing in older adults. Consistent 

with the idea that emotional well-being in older age is associated with a shift from 

automatic processing to more controlled processing of emotion via the recruitment of the 

mPFC (Williams et al., 2006), studies have shown an age-related increase in mPFC 

recruitment during the perception of negative pictures in comparison to neutral pictures 

(St Jacques et al., 2009; Williams, et al., 2006). Meanwhile other studies report that older 

adults, relative to young, exhibit diminished activation of the amygdala in response to 
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negative affective stimuli. Collectively, findings suggest that aging is associated with 

diminished subcortical activation in the face of negative stimuli, along with increased 

activation of cortical areas involved in executive control (Samanez-Larkin, & Carstensen, 

2012). Given the synergistic relationship between emotional and cognitive control 

processes and the paradoxical divergence in older adults’ functional trajectory in these 

respective domains (i.e., older adults’ reduced cognitive abilities on the one hand, and 

enhanced emotion regulation abilities on the other), the next step in aging research 

appears to involve not only identifying the ways in which emotional and cognitive 

control processes work in concert, but also implementing strategies to promote a 

synergistic enhancement of emotion-cognition functions in the elderly. 

Mindfulness 

For many decades, researchers have investigated various strategies for enhancing 

cognitive functioning in older adults (Edwards et al, 2002; Kramer & Erickson, 2007; 

Noice et al., 2008; Verhaeghen et al., 1992; Willis et al., 2006). In the field of aging 

research, this investigation has led to the exploration of alternative, more holistic 

strategies for remediating age-related cognitive decline, recently culminating in a 

renewed interest in the Eastern-based practice of mindfulness as an effective and 

generalizable form of attentional training. Considered to be the conceptual antithesis to 

mind-wandering or goal neglect (Mrzaek, 2012), the construct of mindfulness is 

characterized by a purposeful, non-judgmental manner of paying attention and relating to 

the mind, body, and immediate experience, and may be empirically measured in both 
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state and trait dimensions. Substantial research in the health field has advocated the 

efficacy of mindfulness, indexed in both forms, in a variety of medical, social, 

educational, intercultural, and age group populations (Kabat-Zinn, 2003). Mindfulness, as 

will be shown in this section, strengthens the neural circuitry of emotion-cognition 

interactions as well as enhances the critical resting-state system which underlies the 

functionality of the two inter-related networks. From this standpoint, the study of 

mindfulness appears to be uniquely capable of modifying not only the neuroarchitecture 

associated with controlled regulatory processing, but also the elementary infrastructure 

on which the brain’s baseline functioning is contingent. In fact, a burgeoning body of 

work provides evidence suggesting that mindfulness may serve as a powerful and 

dynamic neuroprotective factor in overall functioning. 

The ability of mindfulness to capitalize on the integrated neuroarchitecture of 

emotion-cognition interactions by engaging the frontal executive system during purely 

cognitive, performance-focused, organization-related activities, such as keeping in mind a 

list of to-do items during the workday, as well as during more spontaneous, hasty, 

emotionally-evocative encounters in day-to-day life, such as maintaining a sense of calm 

during unexpected traffic rather than reacting with automatic irritation, makes it a 

particularly versatile form of attentional training. Unlike traditional cognitive training 

paradigms whose exercise of cognitive control abilities is narrowly circumscribed to a 

given training session, mindfulness is dynamic, continually used to access and train 

cognitive control regions in both cognition-based and emotion-eliciting contexts.  
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One primary avenue for the efficacy of mindfulness in targeting inhibitory control 

processes during purely cognitive tasks may be its promotion of single-minded goal-

maintenance in the face of internal disruptions or interruptions. Mindfulness disposition, 

characterized by (1) the self-regulation of attention and (2) focal orientation to present 

moment experiences, is thought to effectively promote cognitive control by 

fundamentally reducing cognitive vulnerability to reactive modes of mind (Bishop, 

2002). The present-focused attention, characteristic of individuals high in trait 

mindfulness may, thus, theoretically serve to prime a neurocognitive mode of 

consciously-controlled, preparatory, goal-relevant information processing. A main 

component of mindfulness disposition involves the tendency to regulate affective 

experiences, which includes recognizing ongoing emotional states, experiencing them 

fully in an accepting, non-judgmental manner, and then mentally distancing or detaching 

from the emotional experience. As a result, trait mindfulness is associated with a 

diminished tendency to routinely react to and engage with transitory thoughts, physical 

sensations, and attention-provoking stimuli, theoretically promoting control over 

reflexive mental tendencies during day-to-day situations.  

As noted earlier, working-memory-capacity-related differences in goal neglect, 

such as the internal or external intrusions frequently experienced by older adults during 

challenging cognitive control tasks, may be due in part to variation in the control of 

conscious thought. In as far as goal-neglect errors and related differences in working 

memory capacity during cognitive control performance have been suggested to stem in 
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part from momentary failures of conscious thought control (Kane & Engle, 2003), 

individual differences in mindfulness disposition might be theorized to directly relate to 

the controlled-attention component (i.e., the goal-maintenance component of the 

cognitive control of working memory), the successful functioning of which is thought to 

directly support proactive control strategies. To this end, trait mindfulness is 

hypothesized to be associated with increased moment-to-moment awareness by virtue of 

its habitual promotion of goal-directed, controlled processing (Cahn & Polich, 2006).  By 

continuously exercising the selective direction of attention, individuals with higher levels 

of mindfulness disposition are predicted to demonstrate an enhanced ability to sustain 

cognitive focus on task-relevant dimensions (i.e., ability to focus) and reduce distraction 

from automatic, goal-irrelevant representations and responses (i.e., ability to ignore) 

(Mrazek et al., 2012; Smallwood et al., 2004).   

Several studies have in fact shown that higher levels of mindfulness appear to be 

related to enhanced attentional abilities, including attention orienting (Fan et al., 2005), 

selective attention (Tang et al., 2007), sustained attention (Chambers et al., 2008) and 

working memory capacity (Jha et al., 2010; Chambers et al., 2008). Formal mindfulness 

training programs too have been successful in enhancing information processing abilities 

(Zeidan et al., 2010) and promoting cognitive flexibility (Moore & Malinowski, 2009). 

Furthermore, complementary neuroimaging research has provided greater insight into the 

nature of mindfulness-induced enhancements of cognitive control and associated changes 

in the structure and function of the brain (e.g. Davidson et al., 2000; Jha et al.,, 2007; 
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Lazar et al., 2005; Xiong & Doraiswamy, 2009). Evidence from cross-sectional MRI 

studies, for example, suggest a relationship between mindfulness disposition and 

enhanced functioning of cortical areas associated with higher-level cognitive control, 

particularly key areas of the Cognitive Control Network, including the PFC, as well as 

improved functional integrity of key large-scale brain networks. 

 Besides promoting enhanced cognitive control through the purposeful exercising 

of top-down inhibitory control strategies during cognitive performance situations, 

mindfulness also serves to strengthen the executive system shared by emotion-cognition 

processes by simultaneously training emotional regulation abilities. In much the same 

way as the presence of psychopathology hampers controlled cognitive processing, 

enhancing general emotion regulation skills too translates to improvements in cognitive 

control functioning. Mindfulness, involving an attitudinal orientation of curiosity, 

openness, and acceptance, has been linked to emotional intelligence in its shared focus on 

perceptual clarity to one’s emotional state (Salovey et al., 1990). A number of studies 

have in fact attributed the efficacy of mindfulness in reducing symptoms of stress and 

negative affect to its capacity to modify emotion regulation abilities (Chambers et al., 

2008), with evidence suggesting that emotion regulation is directly engaged during the 

active performance of mindful exercises (Bishop et al., 2002). By enhancing behavioral 

self-regulation (Lykins & Baer, 2009) and reducing the routine tendency to emotionally 

react to transitory thoughts and physical sensations (Ramel et al., 2004; Teasdale et al., 

2000), mindfulness practice is thought to decrease negative affect, stress, and mood 
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disturbance (Brown & Ryan 2003), and protect against symptoms of anxiety and 

depression, including worry (Prakash et al., 2012). In fact, core components of 

mindfulness have been integrated into clinical usage in therapeutic models ranging from 

Dialectical Behavioral Therapy (Linehan, 1994) to Mindfulness-based Cognitive Therapy 

(Segal et al., 2002).  

Complementary MRI studies show evidence suggesting that mindfulness training 

acts on ventral frontal cortical networks involved in regulating the interplay between the 

representation of emotion and executive function. Studies have shown that mindfulness 

may strengthen the functionality of such cognitive control areas by engaging effortful 

emotion regulation (MaCrae et al., 2004). By regulating the flow of information from 

memory and associative systems to those involved in the internal representation of goals 

and self-knowledge, mindfulness effectively engages regions like the MPFC during 

emotional control processes (Kring et al., 2011). In regularly activating these frontal 

neural regions, during strict cognitive control performance as well as in situations 

requiring more subtle, spontaneous regulation of emotion, mindfulness strengthens the 

interconnected corollaries of emotion-cognition processes, thereby enhancing executive 

functioning on the whole. This is especially significant when considered in light of 

evidence suggesting that older adults are more adept at emotion regulation tasks than 

purely cognitive control tasks. By providing more than one route, one of those pathways 

already being optimally utilized by older adults in the deployment of controlled cognitive 

processes, to tap into the neural circuitry of cognitive control, mindfulness allows for 
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greater flexibility and more effectively promotes regular practice in day-to-day life. Thus, 

in the context of cognitive rehabilitation, mindfulness, using a multi-pronged approach to 

engaging top-down control regions, appears to represent an especially promising means 

of buffering age-related decline in cognitive control.  

In reviewing the evidence presented thus far regarding the capacity of 

mindfulness to improve awareness of present thoughts through attentional regulation and 

interoceptive awareness, it seems reasonable to speculate that mindfulness disposition 

would not only enhance cognitive control operations by boosting the capacity for 

conscious, top-down control, but would also reduce engagement in extraneous, goal-

unrelated thoughts in the first place. In other words, mindfulness may effectively promote 

cognitive control in a two-fold manner, (1) by increasing the strength of the goal 

maintenance signal and (2) reducing the interfering presence of goal-irrelevant noise. In 

fact, mounting research points to the ability of mindfulness disposition to enhance the 

functional dedifferentiation of the brain’s critical large-scale networks.The Default-Mode 

Network (DMN), comprised of medial cortical regions, including the precuneus, 

posterior cingulate cortex (PCC), medial prefrontal cortex (MPFC), and lateral parietal 

and temporal regions, shares a unique antithetical relationship with cognitive control 

regions such that the up-regulation of activity in frontoexecutive areas during task 

performance is accompanied by a concomitant suppression of activity in the default 

network (i.e., task-induced deactivation; Kelly et al., 2008). The constant, dynamic 

balance between these two neural systems presumably reflects the brain’s vacillation 
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between different modes of information processing (Buckner, 2008), the DMN putatively 

involved in internal, self-referential processes related to endogenous attention (Mayer et 

al., 2010) and the task-positive cognitive control network in exogenous, goal-directed 

attention during cognitive performance. Evidence has linked the anticorrelational 

relationship between the DMN and TPN with general cognitive functioning (Kelly et al., 

2008; Uddin et al., 2009), with research findings suggesting that appropriate balance of 

activity between both networks is critical for effective controlled processing. Studies 

indicate that the DMN has the capacity to modulate activity in task-positive areas 

involved in controlled cognitive processes (Uddin et al., 2009) and that the intrinsic 

coherence of the default system directly influences the magnitude of activity in such 

cognitive control regions (Mennes et al., 2010).  

A study of age-related differences in DMN suppression during a task of 

increasing working memory load (Prakash et al., 2012) found that during task 

performance, older adults failed to suppress these cortical regions that were unrelated to 

the task, and that the impaired ability to inhibit activation of default regions was 

associated with poor behavioral performance, providing empirical evidence for the 

context-appropriate activity of this network for behavioral performance. In another 

independent line of research, a study from our lab demonstrated that older adults, relative 

to young, showed reduced negative correlations between regions of the DMN and those 

of the cognitive control network, signifying the critical deterioration of older adults’ 
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ability to dynamically coordinate and modulate the crucial large-scale networks of the 

brain in response to the demands of the external environment. 

Given the critical impact of DMN integrity on executive control processes and the 

age-related decreases in DMN activity and connectivity, an effective means of mitigating 

age-related cognitive decline involves not only enhancing neural activity during cognitive 

control operations, but also effectively increasing the connectivity strength of the 

different resting-state networks supporting cognitive functioning. In another preliminary 

study from our lab, we examined the putative impact of an eight-week mindfulness 

intervention on the plasticity of such large-scale networks in a group of older adults. The 

study, involving 25 older adults who were randomized to either a mindfulness training 

group or an active control group, showed that mindfulness was associated with an 

increase in the dedifferentiation between the two large-scale networks of the elderly, such 

that individuals in the mindfulness group showed increased negative correlations between 

regions of the DMN and cortical areas comprising the fronto-executive (FE) network 

involved in cognitive control. Given its capacity to effectively increase the 

dedifferentiation between two of the brain’s most critical large-scale networks in relation 

to cognition, a clear marker of enhanced functional integrity, mindfulness signifies a 

promising avenue to improving controlled cognitive processing. 

Taken together, preliminary results highlight the instrumental value of 

mindfulness as a pre-existing neuroprotective factor with the potential to improve 

controlled processing, both emotional and cognitive, in the elderly. This is particularly 
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significant when considering that to date, the majority of aging researchers have been 

relatively unsuccessful in mitigating cognitive impairment through a direct targeting of 

executive control abilities. Though the aging brain has considerable capacity for 

cognitive flexibility and neural reorganization, it appears that purely cognition-focused 

efforts have limited efficacy in actually improving the functional status of older adults 

(Park et al., 2009). Perhaps by contextualizing the monolithic construct of cognition 

within a unified framework of higher-order, regulatory control processes based on basic 

emotion-cognition interactions, it may be possible to circuitously improve cognitive 

functioning in the elderly. Mindfulness is not only uniquely and naturally effective in 

directly enhancing the operative processes involved in cognitive control, but through its 

concurrent strengthening of emotional functioning, it also boasts the capacity to exploit 

the neuroaffective advantage latent in older adults and thereby, enhance in an indirect 

manner the integrated neural architecture underlying emotion-cognition processes. 
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Chapter 3: Discussion 

Despite the successful outcomes associated with mindfulness, the study of the 

neurocognitive benefits of mindfulness in the elderly has been relatively scant. While a 

number of studies have assessed trait mindfulness and its impact on neurocognitive 

processes, these effects have been largely limited to a population of younger adults, and it 

is poorly understood what the effects of mindfulness disposition are in relation to older 

adults’ cognitive and emotional control processes. Promising preliminary research from 

our lab indicates that mindfulness may help mitigate age-related declines in cognition and 

bolster emotional functioning. In order to better understand the nature of such 

mindfulness-related improvements in the controlled regulatory processing of the aging 

brain, it would be necessary to investigate the impact of mindfulness disposition on the 

cognitive, emotional, and neural functioning of a group of older adults. Future work 

would benefit from specifically examining how mindfulness disposition in older adults 

impacts (1) cognitive control, (2) affective functioning, and (3) the neural circuitry 

associated with cognitive and emotional regulation, as inferred from the activation 

patterns associated with attentional, affective, and resting-state cortical networks. 

The unique capacity for flexible, consciously-controlled, dynamic behavior 

distinguishes the human species from all others, providing us with the seeds of 

adaptability and creativity and granting us a communicable sense of free will and a 



37 
 

degree of control over the environment. In the process of developmental maturation, this 

ability to regulate thoughts and emotions in a controlled manner deteriorates, and with it, 

the overall quality of life. In the current work, we present a comprehensive review of how 

cognitive and emotional control change, behaviorally and neurally, as a function of age 

and examine how a mindfulness-based model may have the potential to counteract such 

nuanced age-related alterations in controlled regulatory processing. It is hoped that the 

comprehensive review provided in this paper may be somehow used to guide future 

investigations of emotion-cognition processes in the elderly. By developing more refined 

methods of examining age-related changes in cognitive, affective, and neural functioning, 

we move closer towards understanding the complex metamorphosis of the aging brain 

and our powerful role in relationship to it. 
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