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Abstract

The aging of our population has been accompanied by increasing concerns about older adults’ 

vulnerability to violations of trust and a growing interest in normative age-related changes to 

decision making involving social partners. This inter-section has spurred research on age-related 

neurocognitive and affective changes underlying social decision making. Based on our review and 

synthesis of this literature, we propose a specification that targets social decision making in aging 

to the recently proposed Affect-Integration-Motivation (AIM) framework. Our framework 

specification, Changes in Integration for Social Decisions in Aging (CISDA), emphasizes three 

key components of value integration with particular relevance for social decisions in aging: theory 

of mind, emotion regulation, and memory for past experience. CISDA builds on converging 

research from economic decision making, cognitive neuroscience, and lifespan development to 

outline how age-related changes to neurocognition and behavior impact social decision making. 

We conclude with recommendations for future research based on CISDA’s predictions, including 

implications for the development of interventions to enhance social decision outcomes in older 

adults.
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1 | INTRODUCTION

Individuals 65 years and older make up the fastest growing population segment in developed 

countries. Recent estimates suggest that by 2050 over 20% of the U.S. population will be 

over the age of 65 (Pew Research Center, 2014). With the aging of our society, there is 
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increasing interest in how this demographic group thinks and behaves, especially when their 

decisions involve others. Understanding how older adults make social decisions holds 

implications for public health, marketing, and political campaigns. There are growing 

concerns that older adults may be susceptible to fraud perpetrated by strangers or close 

social partners (Ebner et al., 2018; Lachs & Han, 2015; Oliveira et al., 2017; Spreng et al., 

2017), especially as age is associated with wealth accumulation (Li & Tsang, 2016). Most 

instances of elder abuse involve an individual, usually a family member, gaining an older 

adult’s trust for later exploitation (Metlife, 2011; Peterson et al., 2014). Estimates of loss by 

elderly victims of financial abuse in the United States vary between $2.9 (Metlife, 2011) and 

$36.5 (True Link Financial, 2015) billion per year. Even these dire assessments may be low, 

as experts estimate that for every case of elderly financial exploitation that is reported 

another approximately 44 remain unreported (Huang & Lawitz, 2016). Despite the urgency 

of this issue and a large body of research on social decision making in younger adults 

(Rilling & Sanfey, 2011; Sanfey, 2007), there have been few investigations of changes to 

social decision making in advanced age. Specifically addressing this knowledge gap, our 

paper provides a review and a synthesis of the currently existing literature on social decision 

making and aging and develops a specification—which we termed Changes in Integration 

for Social Decisions in Aging (CISDA)—to the recently proposed Affect-Integration-

Motivation (AIM) framework for an application to social decisions in aging.

Social decision making involves identifying and weighing the merits of multiple alternatives 

and choosing the best course of action in a social context (Rilling & Sanfey, 2011). With 

age, people increasingly experience losses in physical ability, cognitive sharpness, and social 

support leading to a shift in goals from a focus on growth to a focus on loss prevention and 

maintenance (Ebner, Freund, & Baltes, 2006). Concurrently, older adults typically become 

more reliant on others for healthcare, financial stability, and other aspects of daily 

functioning (Nielson & Mather, 2011). Thus, older adults are faced with many important and 

complex decisions that involve others and hold major implications for their (and others’) 

wellbeing, health, and finances.

One of the gaps in our understanding of how aging affects social decision making concerns 

changes in the “integration” stage of decision making. According to Samanez-Larkin and 

Knutson’s (2015) proposed AIM framework, it is at the integration stage that the values of 

various decision attributes are determined within and across decision options. Attribute 

evaluation can involve integration of standard choice-related features, including outcome 

probabilities, delays in expected outcomes, and effort required by a decision. This decision 

stage is particularly important in social contexts as it guides choice selection in complex 

decisions. Social decision making is multifaceted, involves not only integration of standard, 

nonsocial choice features but also features associated with social contexts and concerns 

(e.g., inferring what others are thinking and feeling, regulating affective reactions to others, 

recalling applicable social experiences, etc.). In this way, social contexts and concerns add 

layers of complexity to value-based decision making that necessitate integration. This added 

complexity leads to the recruitment of additional neurocognitive resources in the form of 

integration functions. These conditions make it clear that understanding social decision 

processing in aging requires research targeting the integration phase of decision making; 

however, theories and research have given little attention to this topic to date. In particular, 
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the impact of age-related changes in integrative functions on the quality of social decisions 

is presently unclear. To address this issue, the present review offers a focused discussion of 

three processes that are involved in choice valuation through the integration of social-

decision features: theory of mind, emotion regulation, and memory for past experience. 

While other integrative processes, such as those supporting subjective valuation of nonsocial 

decision options (Seaman et al., 2018), appear to remain stable in aging, these three 

integrative processes show unique and significant patterns of change with age. This diverse 

pattern of change trajectories for integration-related functions holds important implications 

for social decision outcomes among older adults. From our focused review on these three 

integrative functions, we offer the framework specification CISDA: Changes in Integration 

for Social Decisions in Aging.

This paper sets out with a summary of the AIM framework from which we draw the concept 

of integration. We then describe CISDA, our social decision-making specification of the 

AIM model. Like AIM, CISDA adopts a biobehavioral approach to conceptualize age-

related changes in social decision making. By understanding how neurobiological correlates 

affect behavior, we can describe and contextualize social decision making in aging. Next, we 

discuss current evidence of age-related changes to the integrative components highlighted by 

CISDA: theory of mind, emotion regulation, and memory for past experience. We conclude 

with a discussion of challenges that must be addressed in order to understand how aging 

affects social decision processing and suggestions for future directions toward theory 

refinement and research efforts.

2 | AFFECT-INTEGRATION-MOTIVATION FRAMEWORK

AIM (Samanez-Larkin & Knutson, 2015) provides a framework for understanding and 

testing predictions about value-based decision processing in aging without a specific focus 

on social decisions. AIM has some clear advantages over other broader models of decision 

making, like Brunswik’s Lens Model (Brunswik, 1939), because AIM specifically targets 

the neurological underpinnings of decision making and aging. The proposed three stages to 

the decision-making process in AIM are: affect, integration, and motivation.

2.1 | Affect

The affect stage of decision making is thoroughly described in the AIM framework. 

According to AIM, decision processing begins with parallel impulses to approach and/or 

avoid a stimulus, as regulated via affective neural circuits. Dopaminergic projections from 

the ventral tegmental area to the nucleus accumbens (NAc) have been primarily associated 

with approach behavior and gain valuation, while noradrenergic projections from the locus 

coeruleus to the anterior insula (AI) and the NAc have been associated with avoidance 

behavior and loss valuation (Knutson, Katovich, & Suri, 2014; Palminteri et al., 2012; 

Pessiglione, Seymour, Flandin, Dolan, & Frith, 2006).

2.2 | Integration

Relative to the affect stage, the integration stage is described rather broadly in the AIM 

framework. For complex choices, AIM posits a value integration stage in which approach 
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and avoidance impulses are weighed against other considerations with inputs from previous 

experience (Samanez-Larkin & Knutson, 2015). The medial prefrontal cortex (mPFC) 

receives direct and indirect inputs from network components that contribute to the 

integration of choice-option valuation, while the dorsolateral prefrontal cortex (dlPFC) 

supports comparison of choice-relevant information (Alexander & Brown, 2012; Knutson, 

Scott, Wimmer, Prelec, & Loewenstein, 2007; Levy & Glimcher, 2012; Samanez-Larkin, 

2015). Memory-related information from the medial temporal lobe (MTL) is predicted to 

enter the integration stage through the MTL-dlPFC circuit (Samanez-Larkin & Knutson, 

2015).

2.3 | Motivation

The AIM framework predicts that glutamatergic outputs potentiate resulting choice actions 

though connections to the dorsal striatum and presupplementary motor area (pSMA; 

Samanez-Larkin, 2015). AIM hypothesizes that motivational component processes cannot 

operate without input from affective component processes, and motivated actions may be 

initiated by any number of integration components. Thus, the influence of specific 

integrative processes on decision making is highly variable and context dependent.

3 | TAKING AIM: CHANGES IN INTEGRATION FOR SOCIAL DECISIONS IN 

AGING

We propose CISDA as a specification to AIM (Figure 1a). CISDA offers a framework for 

understanding mechanisms of age-related changes in decision making that are specific to 

choices in the social domain. Such a specification is required for several reasons: (a) 

Understanding social decision making across the adult lifespan requires an increased focus 

on age-related changes to integration functions because social contexts and concerns add 

dimensions of complexity to choice valuation that necessitate value integration. (b) Social 

decision making often involves recruitment of higher-level functions that are not required for 

nonsocial decisions—with some processing components observed only in social decision 

making. Thus, the mechanisms of social decision making overlap with, but are distinct from, 

those of nonsocial decision making. (c) Of the processes that are likely to be recruited 

during social decision making, we have identified three that undergo significant age-related 

changes: theory of mind, emotion regulation, and memory for past experience. These 

processes are all involved during the integration stage of value-based decision making. (d) 

CISDA provides hypotheses about specific mechanisms of resilience and vulnerability in 

social decision making with age that can be used to guide future research. We propose that 

CISDA’s specific focus on social decision making can also help to inform interventions 

targeted at improving older adults’ social decision outcomes and, in the long-term possibly, 

reducing rates of elder abuse victimization. In the following, we present the 

conceptualization of the AIM framework components in the context of our novel CISDA 

specification.

3.1 | Affect

As in AIM, the first step of the social decision-making process involves the automatic 

evaluation of a stimulus via affective neural components to anticipate potential gains and 
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losses. For this stage of social decision making, evidence suggests that older compared to 

younger adults are more likely to under-anticipate loss-predictive cues (e.g., untrustworthy 

faces; Castle et al., 2012).

3.2 | Integration

Output from initial affective reactions then enter the integration phase where evaluative 

processes involving theory of mind, emotion regulation, and memory for past experience 

(among potential other processes) occur. The features of the decision context (e.g., amount 

of time to deliberate, perceived costs and benefits) will determine the number of integrative 

components employed and how they interact. Each of these three select integrative processes 

will be reflected on in the context of CISDA more closely next.

Theory of mind—Theory of mind is a neurocognitive process unique to social decisions, 

as other forms of decision making do not require reasoning about the state of another’s 

mind. This process involves making inferences about another’s thoughts, emotions, and 

intentions (Lecce et al., 2017; Premack & Woodruff, 1978). In social decisions, we consider 

the thoughts and feelings of others when determining the value of our choice options. For 

example, decisions to trust require inferences about the intentions and actions of others. 

Such inferences become inputs (value weights) in expected value calculations for decision 

options.

Theory of mind is predicted to affect the valuation of decision options via inferences about a 

social partner’s mental and affective states. Its neural correlates depend on whether cognitive 

(dorsomedial prefrontal cortex [dmPFC], temporoparietal junction [TPJ]) or affective 

(ventromedial prefrontal cortex [vmPFC], MTL) theory of mind are employed (Li, Mai, & 

Liu, 2014). Age-related declines in ability and neural mechanisms of cognitive theory of 

mind (Bottiroli, Cavallini, Ceccato, Vecchi, & Lecce, 2016; Charlton, Barrick, Markus, & 

Morris, 2009; Moran, Jolly, & Mitchell, 2012) but relative stability in affective theory of 

mind (Bottiroli et al., 2016; Ebner, Bailey, Horta, Joiner, & Chang, 2016; Mather, 2016), 

lead to older adults’ deficits in mentalizing others’ thoughts but not in mentalizing their 

affective states. These predicted asymmetrical age-related trajectories for cognitive and 

affective theory of mind and their subsequent effects on social-decision making performance 

are illustrated in Figure 2a. CISDA predicts that this asymmetrical change in theory of mind 

domains contributes to inaccurate valuation of social decision options among older adults 

when inferring the mental states of others is more challenging, particularly when social 

partners’ mental states conflict with their emotional display (e.g., friendly con artist).

Emotion regulation—Emotion regulation constitutes another key process in value 

integration for social decisions. This process involves selectively attending to stimuli based 

on their affective qualities or changing the interpretation of affective stimuli and contexts to 

alter one’s affective state (Braunstein, Gross, & Ochsner, 2017; Eisenberg & Spinrad, 2004). 

Emotion regulation often becomes necessary when making decisions in the social domain 

because signals from, and behavior of, others are relatively salient and can trigger affective 

responses (e.g., anger, excitement, etc.) that need to be modulated to achieve one’s goals 

(e.g., reducing anger due to a business partner’s selfish behavior). Emotion regulation can 
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play a role in integration as it can alter both the magnitude and valence of choice-option 

values.

Emotion regulation is predicted to impact valuation of social decision options through 

alteration of affective inputs in the service of one’s goals. Affective reappraisal is supported 

by the dlPFC, ventrolateral prefrontal cortex (vlPFC), and posterior parietal lobe, while 

distraction is primarily associated with the dlPFC (Buhle et al., 2013). In social decision 

making, the vlPFC has been specifically implicated in regulating negative affective reactions 

from the AI to increase financial gains (Tabibnia, Satpute, & Lieberman, 2008). With age, 

response to negative stimuli decreases (Mather, 2016; Mather et al., 2004), negative 

subjective arousal decreases (Samanez-Larkin et al., 2007), downregulation of negative 

emotions increases (Mather & Carstensen, 2005), self-directed information processing 

becomes positively biased (Charles, Mather, & Carstensen, 2003; Mather & Carstensen, 

2005), and older adults become more motivated to pursue emotionally regulatory social 

goals (Lang & Carstensen, 2002). These predicted age-related trajectories for negative affect 

impulse regulation, positivity bias, and negative subjective arousal as well as their 

subsequent effects on social decision-making performance are illustrated in Figure 2b. 

CISDA proposes that these changes will lead to an under-weighting of negative choice 

features in social decisions (e.g., social partner’s past breach) and generally greater trust in 

others, especially close others.

Memory for past experience—Memory for past experience comprises yet another 

process that we propose is critical for value integration in social decisions. Social decisions 

frequently involve valuation inputs based on past experiences with others. Such inputs may 

enter our conscious awareness (explicit memory) or influence option valuation without our 

awareness (implicit memory). These forms of memory have different age trajectories (Hoyer 

& Verhaeghen, 2006) and the value older adults place on social-decision options is affected 

by integration of choice-relevant memories.

Memory for past experience is predicted to affect valuation of social decision options via the 

usage of stored information about social partners and contexts. The neural correlates 

underlying memory for past experience involve the MTL-dlPFC circuitry (Bailey et al., 

2013; Maillet & Rajah, 2013; Samanez-Larkin & Knutson, 2015). Usage of such memories 

affects decision outcome processing in the caudate nucleus (CN; Delgado, Frank, & Phelps, 

2005), potentially through an iterative loop within the affective-integration-motivation 

system. CISDA proposes that decision making contexts that rely on semantic and/or implicit 

memory can lead to equal or better performance in older relative to younger adults due to the 

accumulation of previous experience in older adults or the ability to rely on intuition in 

familiar contexts. However, older adults are expected to perform more poorly when social 

decisions require working and/or episodic memory abilities such as recollection accuracy, 

particularly recollection of past negative outcomes given an age-related positivity bias, or 

error detection in recent events. These predicted age-related trajectories for semantic, 

implicit, working, and episodic memory as well as their subsequent effects on social 

decision-making performance are illustrated in Figure 2c.
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As depicted in Figure 1a, CISDA predicts that the processes of theory of mind, emotion 

regulation, and memory for past experience can interact with one another during the value 

integration phase of decision making. CISDA also predicts that one does not need to engage 

in all three integrative functions in order to make a decision. For example, the value of a 

decision to trust your spouse in everyday social decisions can be strongly influenced by prior 

knowledge that s/he has been consistently trustworthy in the past (semantic memory). Here, 

the valuation phase can be carried out without regulation of emotions or concern over the 

spouse’s intentions. However, if you recently learned that she/he had taken out a large loan 

in secret, you would likely weigh the value of your decisions to trust her/him against your 

inferences about her/his intentions and affective state in their clandestine actions. We 

propose that the ways in which these three components interact are variable depending on 

internal (e.g., goals, preferences, etc.) and external factors (e.g., time to make the decision, 

people involved, etc.).

We acknowledge, that other nonsocial factors (outcomes delays, risk, decision effort; 

Seaman et al., 2018) may also affect subjective value integration in social decision making. 

We contend, however, that theory of mind, emotion regulation, and memory for past 

experience represent key processes that impact value integration in aging because they 

predict social decision-making quality (Tabibnia et al., 2008; Beadle et al., 2012; Rilling & 

Sanfey, 2011) and change over the aging process (Mather, 2016; Ebner et al., 2016; Scheibe 

& Carstensen, 2010; Agarwal, Driscoll, Gabaix, & Laibson, 2009).

3.3 | Motivation

As in AIM, the last step of the social decision-making process involves motor processes 

necessary to enact the decision via glutamatergic projections to the dorsal striatum and 

pSMA (Samanez-Larkin & Knutson, 2015).

Taken together, we propose that the CISDA framework specification targets important 

neurobehavioral functions of social decision making to aid both research efforts and the 

development of tailored interventions for the aging decision maker. CISDA is based on the 

notion that the complexity added to the decision-making process caused by reasoning about 

thoughts and feelings of others distinguishes social decision making from other forms of 

decision making. Our CISDA specification focuses on three select integrative processes: 

theory of mind, emotion regulation, and memory for past experience, which predict social 

decision-making task performance and change with age. We do not suggest that CISDA 

predicts that older adults will be universally worse at making social decisions compared to 

younger adults. Rather, depending on the demands of a decision context, older adults will 

perform more or less optimally than younger adults. To fill these predictions with more 

content, we will next synthesize the current theory and research from behavioral and brain 

sciences which have informed our CISDA framework specification.

4 | KEY INTEGRATIVE COMPONENTS IN CISDA

The following sections present research on the three integrative processes that form the basis 

of CISDA. The present review builds on foundational behavioral economics and 

neuroeconomics research that set the stage for understanding mechanisms of age-related 
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changes in social decision making (see Box 1). Our review advances this area of study by 

synthesizing emerging evidence that age-related changes in the neural correlates of theory of 

mind, emotion regulation, and memory for past experience yield specific changes to 

processes that promote social decision making. In this context, we reflect on the extent to 

which the age-related changes in these processes interact with social contexts to confer 

beneficial or detrimental effects on social decision making (see Figure 1b for a summary of 

neural substrates, age effects, and potential impacts on decision making in the three 

integrative processes proposed in CISDA).

5 | AGE-RELATED CHANGES IN THEORY OF MIND

Theory of mind is involved in inferences about others’ mental perspectives (cognitive theory 

of mind; Beadle et al., 2012) and emotions (affective theory of mind; Shamay-Tsoory, 

2011). The mPFC is involved in both cognitive and affective theory of mind. However, while 

cognitive theory of mind is associated with greater engagement of the dmPFC and TPJ, 

affective theory of mind involves greater engagement of the vmPFC and medial temporal 

lobe (MTL; Kalbe et al., 2010; Li et al., 2014; Shamay-Tsoory, 2011).

Current research findings on older adults’ theory of mind abilities is somewhat mixed. The 

tasks generally employed in these studies involve presenting older adults with stories, static 

scenes, or movies in which they are asked to make inferences about the mental states of 

those depicted (Henry, Phillips, Ruffman, & Bailey, 2013; Moran, 2013). Generally, age-

related declines of a moderate magnitude are seen in cognitive theory of mind ability, and 

these changes are at least partially mediated by declines in executive functioning and fluid 

intelligence (Bottiroli et al., 2016; Ebner et al., 2016; Henry et al., 2013; Johansson Nolaker, 

Murray, Happé, & Charlton, 2018; Moran, 2013). A recent study looking at cognitive theory 

of mind ability utilized the Movie for the Assessment of Social Cognition (MASC) task to 

examine both accuracy and typology of errors in mental states inferences in younger and 

older adults (Lecce, Ceccato, & Cavallini, 2018). In this study, older adults were less 

accurate than younger adults in mental states inferences and were more likely to make errors 

in which they insufficiently mentalized, or completely neglected to mentalize, those depicted 

in the MASC. Comparatively, affective theory of mind ability appears to be relatively 

preserved with age (Bottiroli et al., 2016; Johansson Nolaker et al., 2018; but see Bailey & 

Henry, 2008). A study utilizing both cognitive and affective theory of mind versions of the 

Faux Pas task found that younger and older adults did not differ in the affective task version 

while older adults performed worse than younger adults in the cognitive version (Bottiroli et 

al., 2016). Additionally, older adults’ performance in the affective version of the Faux Pas 

task was unrelated to measures of executive functioning whereas performance in the 

cognitive version was mediated by at least one aspect of executive functioning (Bottiroli et 

al., 2016).

Further, similar but distinct neural substrates of cognitive and affective theory of mind are 

differentially impacted by age. While the dmPFC shows age-related decline (Moran et al., 

2012; but see Cassidy, Hedden, Yoon, & Gutchess, 2014), the vmPFC remains relatively 

stable with age (Mather, 2016). In accordance with these regional differences, older adults 

have performed more poorly on cognitive than affective theory of mind tasks (Bottiroli et al., 
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2016). Global age-related white matter integrity decline has also been linked to worse theory 

of mind ability (Charlton et al., 2009). This effect may be especially pronounced for 

cognitive theory of mind. The neural correlates of cognitive theory of mind (e.g., dmPFC 

and TPJ) are activated more as social decision-making processes become less automatic, 

more complex, and require greater transfer of information, processes which are all 

dependent on healthy white matter tracts (Li et al., 2014).

Little research to date has examined age-related change in theory of mind abilities in the 

context of social decision making. One experiment investigated the relationship between 

measurements of cognitive theory of mind abilities and behavior on a multi-round 

Ultimatum Game (Beadle et al., 2012). When playing with age-matched partners, older adult 

“investors” with high cognitive theory of mind ability rejected more unfair offers than 

younger adults. Additionally, while older compared to younger adults had lower cognitive 

theory of mind scores, overall payoffs were higher in older adults with high versus low 

cognitive theory of mind ability. These results suggest that for older adults, utilization of 

cognitive theory of mind in value integration can lead to more optimal social decision 

making, especially when fairness and finances are involved. These findings underline the 

importance of developing ways to preserve and/or recover cognitive theory of mind 

functions in older adults.

6 | AGE-RELATED CHANGES IN EMOTION REGULATION

Attributes of decision options may evoke negative emotions which may hinder optimal 

decision making. When this is the case, individuals may benefit from emotion-regulation 

strategies such as cognitive reappraisal, which involves changing one’s reaction to an 

affective stimulus (Gross, 1998), or distraction, which involves disengaging with an affective 

stimulus (Shafir, Schwartz, Blechert, & Sheppes, 2015). Reappraisal is a cognitively 

demanding strategy that predicts better long-term adaption to affective stimuli and is more 

effortful than strategies such as distraction (Shafir et al., 2015). Cognitive reappraisal 

involves recruitment of the dlPFC, vlPFC, and the posterior parietal lobe (Buhle et al, 2013). 

In comparison, distraction appears to rely primarily on the dlPFC (Buhle et al, 2013) and 

effectively modulates short-term negative experiences involving stimuli with high affective 

intensity (Shafir et al., 2015).

Improvements in affective control capacity appear in late life despite age-related declines in 

cognitive control capacities (Mather & Carstensen, 2005). This paradox may be explained 

by several factors, including older adults’ greater self-reported focus on emotion regulation 

(Lawton, Kleban, Rajagopal, & Dean, 1992), better ability to predict affective arousal 

(Nielsen, Knutson, & Carstensen, 2008; Urry & Gross, 2010), and a preference for the less 

cognitively demanding strategy of distraction over cognitive reappraisal (Mather, 2016; 

Opitz, Rauch, Terry, & Urry, 2012). Older adults typically rate themselves as having better 

affective control than younger adults and report avoiding affectively maladaptive conflict 

resolution techniques such as shouting and insult throwing (Birditt & Fingerman, 2005; 

Gross et al., 1997). Correspondingly, negative mood appears to dissipate more quickly in 

older than younger adults (Carstensen, Pasupathi, Mayr, & Nesselroade, 2000).
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Older adults also exhibit a “positivity bias” when processing affective stimuli such that they 

show less attention for, and encoding of, negative relative to positive stimuli (Mather, 2016; 

Mather et al., 2004). For example, older compared to younger adults were faster at 

identifying the presence of visual stimuli that appeared after a face with a positive versus a 

negative expression (Mather & Carstensen, 2005). Older adults were also more likely to 

remember positive compared to negative scenes, whereas younger and middle-aged adults 

showed no difference in recall for positive versus negative scenes (Charles et al., 2003).

It is theorized that the positivity bias influences the affect stage of decision making based on 

research supporting an automatic influence of the positivity bias on attention and early 

affective processing (Mather, 2016). However, the positivity bias in aging also appears to be 

at work at the integration stage; for example, in the context of evaluating trustworthiness 

cues in social decisions (Castle et al., 2012; Petrican et al., 2013; Zebrowitz, Ward, Boshyan, 

Gutchess, & Hadjikhani, 2017). Perceptions and judgments of facial cues are particularly 

important as they are both automatic and heavily weighted in the decision to trust (Castle et 

al., 2012; Todorov, Pakrashi, & Oosterhof, 2009; van ‘t Wout & Sanfey, 2008; Winston, 

Strange, O’Doherty, & Dolan, 2002). There is evidence that older adults rated 

untrustworthy-looking faces as more trustworthy and approachable than did younger adults 

(Castle et al., 2012; Zebrowitz et al., 2017). Further, in a directed gaze-following task, older 

compared to younger adults showed more gaze following when viewing self-rated 

trustworthy compared to untrustworthy faces (Petrican et al., 2013). Thus, the positivity bias 

may affect both automatic and goal-directed processing for facial trustworthiness in older 

adults. Effects of the positivity bias appear to extend to the processing of reputational 

information as well. In one-shot Trust Games, older adults were more likely than younger 

adults to invest with trustees who had untrustworthy reputations (Bailey et al., 2015).

One possible mechanism that could contribute to older adults’ positivity bias is their reduced 

sensitivity to negative subjective arousal cues (i.e., cues that trigger subjective feelings of 

threat and loss). Activation in the AI has been implicated in negative subjective arousal 

(Knutson et al., 2014) and was attenuated in older adults during anticipation of losses but not 

gains (Samanez-Larkin et al., 2007). Further, there is evidence of age-related volume decline 

and reduced projection strength of AI to frontal regions (Muller, Mérillat, & Jäncke, 2016). 

The AI generally has been associated with conscious experience of recognizing one’s own 

and others’ affective states (Gu, Hof, Friston, & Fan, 2013). This functional decline has 

relevance for perception of facial trustworthiness cues as older compared to younger adults 

display less activation of the AI in response to untrustworthy faces (Castle et al., 2012). It is 

currently unclear whether emotion regulation in social decision making involves other 

interrelated projections of the AI, such as those to the NAc (Leong, Pestilli, Wu, Samanez-

Larkin, & Knutson, 2016).

The vmPFC and vlPFC appear to undergo little age-related decline relative to other frontal 

lobe regions regarding volume and structural connectivity (Fjell & Walhovd, 2010; Mather, 

2016). For example, a large-scale meta-analysis found that cortical thickness in the vmPFC 

and vlPFC was uncorrelated with age, whereas cortical thickness in other frontal areas was 

highly negatively correlated with age (Fjell & Walhovd, 2010). Damage to the vmPFC and 

vlPFC is associated with loss of impulse control, anger, violent outbursts, and deficits in 
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attachment processes—behaviors that are not generally present in healthy aging (Charles & 

Carstensen, 2009; Chopik, Edelstein, & Fraley, 2013; Damasio et al., 1990; Grafman et al., 

1996). Also, there is evidence that both vmPFC and vlPFC exert a regulatory effect on AI 

activation in response to cues related to untrustworthiness such as in unfair monetary 

divisions in the Ultimatum Game (Tabibnia et al., 2008). These findings suggest a possible 

neurological mechanism for older adults’ apparent surfeit of control over negative affective 

impulses: the functional decline of the AI and its projections to the vmPFC and vlPFC as 

well as the functional stability of these frontal regions across adulthood.

Taken together, this research suggests the possibility that age-related changes in emotion 

regulation processes and associated neural correlates may predispose older adults to 

affectively “cooler” reactions to cues of untrustworthiness. This may for example result in a 

more positively biased valuation by older adults of social partners who display 

untrustworthiness.

7 | AGE-RELATED CHANGES IN MEMORY FOR PAST EXPERIENCE

Memory for past experience with social partners can strongly influence social decision 

making. For example, someone might hesitate to loan a friend money if this friend failed to 

pay back a previous loan. Despite the breadth of possible influence on social decision 

making, there is surprisingly little work directly assessing effects of previous experience and 

knowledge about social partners on the social decision-making process. In one of the few 

existing studies, partners who violated initial expectations of trustworthiness in a reciprocal 

Trust Game were more memorable than those who simply did not reciprocate in a 

subsequent memory test (Chang, 2009). These finding suggest a role for memory processes 

in forming and maintaining reciprocal trusting relationships.

In social decisions, older adults are likely to have more experience from which to draw given 

their longer lifespan. Explicit memory for facts and knowledge (semantic memory) is well 

maintained with age (Hoyer & Verhaeghen, 2006), allowing older adults to perform as well, 

or even better, than younger adults on decision tasks that benefit from semantic memory 

(Mata et al., 2012). Research on financial and health-related decision contexts support these 

age-related benefits for accumulated knowledge (Agarwal et al., 2009; Li et al., 2015; 

Löckenhoff & Carstensen, 2007), but little work has directly examined how semantic 

memory affects social decision making.

In contrast to semantic memory, episodic memory declines significantly with age (Hoyer & 

Verhaeghen, 2006; Maillet & Rajah, 2014). Studies examining age-related deficits in 

episodic memory have consistently found evidence of older adults’ under-recruitment in 

brain regions associated with successful encoding in younger adults, such as the bilateral 

occipital cortex and bilateral parahippocampal gyrus (Gutchess et al., 2005; Maillet & 

Rajah, 2014). Many of these same studies on age-related deficits in episodic memory have 

also found evidence of age-related over-recruitment in the PFC during encoding (Gutchess et 

al., 2005; Maillet & Rajah, 2014). This PFC over-recruitment may reflect age-related 

compensation for the under-recruitment in more posterior brain regions (Davis, Dennis, 

Daselaar, Fleck, & Cabeza, May 1, 2008; Dennis & Cabeza, 2008; Gutchess et al., 2005) 
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and may constitute an age-related shift in focus from perceptual details to personal thoughts 

and feelings during encoding (Maillet & Rajah, 2014).

In addition to deficits in encoding episodic memories, there is evidence of age-related 

deficits in the explicit recollection of episodic and other types of memories (Bailey, Zacks, et 

al., 2013; Maillet & Rajah, 2013). This may be due to age-related declines in the dlPFC and 

the MTL which are both involved in the retrieval of previous events (Bailey, Zacks, et al., 

2013; Maillet & Rajah, 2013). Additionally, older adults’ positivity bias can extend to past 

choices because of poorer recollection, memory encoding, and executive control in aging 

(Mather & Johnson, 2000, 2003). Recent findings also indicate that older adults display 

deficits in error awareness reflected by both autonomic response (i.e., error related pupil 

dilation) and self-report during tasks (Wessel, Dolan, & Hollingworth, 2018). There is also 

evidence of older adults being unable to remember previous mistakes from a study on spear 

phishing (i.e., targeted email scams), in which younger and older Internet users were 

exposed to simulated spear-phishing emails and their susceptibility to fall for these scams 

was assessed (Oliveira et al., 2017). Results from this study showed that many younger and 

older adults were susceptible to fall for the spear-phishing attacks, with no significant age 

difference in this effect. However, older adults were significantly less aware than younger 

adults of their high susceptibility to these deceptive attacks (Oliveira et al., 2017). As a net 

result, older adults may have less accurate episodic memory, feel more positively about 

previous choices, and are unaware of errors that lead to negative consequences, which in 

turn reduces their ability to learn from past mistakes (Del Missier et al., 2013).

Implicit forms of memory are generally well preserved in normal aging (Hoyer & 

Verhaeghen, 2006). Likely, as a result, intuitive social decision-making abilities remain 

relatively intact in older adults (Peters, Hess, Västfjäll, Auman, & Vastfjall, 2007; Queen & 

Hess, 2010). Due to the links between implicit memory processes and judgments utilizing 

intuition, previous work has referred to intuition as the subjective experience of using 

knowledge gained via implicit learning (Lieberman, 2000). Reliance on intuitive judgments, 

however, can lead older adults to become susceptible to framing effects. These framing 

effects constitute shifts in preferences for acceptable amounts of risk depending on if a given 

decision is phrased in terms of gains (less risk preferred) versus losses (more risk preferred; 

Kim, Goldstein, Hasher, & Zacks, 2005; but see also Reyna & Brainerd, 2011; Rönnlund, 

Karlsson, Laggnäs, Larsson, & Lindström, 2005). Reliance on intuition may also be a 

liability when decision contexts become more difficult to navigate such as when optimal 

social decision making relies on integrating multiple pieces of information (Mata et al., 

2012).

8 | SYNTHESIS OF AGE-RELATED CHANGES IN THE THREE 

INTEGRATIVE PROCESSES

From synthesizing the interdisciplinary research on the three integration processes which 

comprise CISDA, we draw the following conclusions. Older adults’ cognitive theory of 

mind abilities and the integrity of neurological correlates associated with cognitive theory of 

mind decline with age. Affective theory of mind abilities and their neurological correlates, in 
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contrast, remain stable. Furthermore, emotion-regulation abilities improve in older adults 

due to a mixture of stability and decline in the neurological correlates of negative subjective 

arousal, development of a positivity bias, and a greater focus on emotional control. Finally, 

older adults can benefit from having accumulated knowledge and experience to draw from, 

both directly and indirectly via intuition. However, declines in the neurological correlates of 

episodic memory and explicit recollection leave older adults increasingly vulnerable, 

especially in decision contexts that are less familiar to them and more difficult to navigate.

We acknowledge that the specific ways in which these age-related changes in integrative 

processes will affect social decision making in older adults also depend on the nature of the 

decision. Broadly, however, CISDA predicts that older adults will perform better when a 

social decision involves accurately inferring others’ affective state, keeping affectively cool, 

having applicable experience, and/or when the decision context is relatively simple. In 

contrast, CISDA predicts that older adults will perform worse when a social decision 

involves accurately inferring what others are thinking, identifying and avoiding threat or 

loss, being in an unfamiliar situation, learning from the past, and/or when the decision 

context is highly complex.

9 | REMAINING CHALLENGES FOR CISDA IN IMPROVING OUR 

UNDERSTANDING OF SOCIAL DECISION MAKING IN AGING

To conclude our proposal of CISDA, we will reflect on the remaining challenges that CISDA 

faces in theory refinement and generation of knowledge about social decision making in 

aging.

In this article, we focused on theory of mind, emotion regulation, and memory for past 

experience. This emphasis is not meant to imply that these three processes are the only 

integration functions relevant in social decision making. Rather, our goal in this review 

paper was to highlight the wealth of findings on specifically age-related changes in 

integration functions and consider the implications of such changes on social decision 

making in late life. We acknowledge that there are other integrative processes (e.g., 

subjective valuation across choice options). These processes, however, do not seem to be 

affected by aging (Seaman et al., 2018) and thus were less informative for our reflection 

about social decision making and aging in the context of CISDA.

Some of the brain regions involved in the three integration functions specified in CISDA are 

shared between processes, and it is currently unknown to what extent these neurologically 

overlapping mechanisms are interacting. For example, the vmPFC both converts choice 

options into a neural common currency (Levy & Glimcher, 2012) and is implicated in 

affective theory of mind ability (Shamay-Tsoory, 2011). Also, functioning in the dlPFC is 

implicated in comparing values across choice options (Alexander & Brown, 2012), the 

emotion-regulation strategy of distraction (Buhle et al., 2013), and memory for past 

experience (Maillet & Rajah, 2013). Further, the MTL is implicated in conjunction with both 

the vmPFC (in affective theory of mind; Shamay-Tsoory, 2011) and the dlPFC in memory 

for past experience (Maillet & Rajah, 2013). While it has been shown that older adults’ 

decision-making ability declines when they must integrate multiple pieces of information 
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(Mata et al., 2012), it is currently not known yet to what degree these overlapping 

neurological processes interfere with or facilitate one another. Future research determining 

these interactions will further inform CISDA.

In this article, we mention the “affect” or the “motivation” stages of AIM, but the focus is on 

the “integration” stage. There is a large body of research on age-related changes in the 

affective stage, coverage of which was beyond the scope of our paper (see Mather, 2016; for 

an extensive review). Also, determining how physical decision parameters, such as the 

amount of physical effort required to enact a choice or whether the choice affects oneself or 

another person, influence social decision making (e.g., quality, enaction and/or inaction, 

etc.) in older adults constitutes a fruitful future research avenue that will allow further 

specification of the affective and motivational stages of AIM. However, this line of inquiry 

was not possible in the context of the current focused review.

Interindividual and contextual factors impact social decision making in aging but are 

currently not considered in CISDA. Influential interindividual characteristics include risk 

preferences, general intelligence (Frey, Pedroni, Mata, Rieskamp, & Hertwig, 2017), 

wisdom (Lim & Yu, 2015), hormone activity (Ebner, Kamin, Diaz, Cohen, & MacDonald, 

2015), and sensory processes (Marsiske, Klumb, & Baltes, 1997). Contextual factors of 

relevance in this context are culture (Rieger & Mata, 2013), socioeconomic status (Webb et 

al., 2016), stress exposure (Birn, Roeber, & Pollak, 2017), and cohort effects (Mayhorn, 

Fisk, & Whittle, 2002). A comprehensive coverage of all these additional factors that impact 

the social decision-making process in aging was too extensive for the current paper. Finally, 

the select focus and brevity of this review also did not permit a full description of the large 

body of research on the aging brain (for review see Fjell & Walhovd, 2010, Mather, 2016, & 

Samanez-Larkin & Knutson, 2015) in its effects on social decision making.

10 | POTENTIAL APPLICATIONS OF CISDA

We conclude this theoretical paper with a brief discussion of potential applications of 

CISDA. In this context, we formulate specific predictions that can direct future research 

toward enhanced understanding of social decision making in aging.

With respect to theory of mind, CISDA contends that reasoning about thoughts and feelings 

of others is one major aspect of social decision making that differentiates it from other forms 

of decision making. Given greater age-related decline in cognitive relative to affective theory 

of mind abilities (Beadle et al., 2012) and their structural correlates (Kalbe et al., 2010; Li et 

al., 2014; Shamay-Tsoory, 2011), future research should directly compare how cognitive and 

affective theory of mind impact older adults’ social decisions and determine the extent to 

which these components may interact during decision processing. CISDA specifically 

proposes that (a) aging will be associated with poorer performance in social decision 

contexts where cognitive theory of mind ability leads to better quality decisions; (b) older 

adults will perform similar to younger adults in social decision contexts where affective 

theory of mind ability leads to better quality decisions (see Figure 2a); (c) older adults will 

rely more on affective than cognitive theory of mind in social decision making; and (d) the 

Frazier et al. Page 14

Wiley Interdiscip Rev Cogn Sci. Author manuscript; available in PMC 2021 May 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



underuse of cognitive theory of mind in older adults will be mediated by age-related decline 

in the dmPFC and white matter connections between the dmPFC and the TPJ.

Regarding emotion regulation, CISDA predicts that older adults possess a surfeit of 

emotion-regulation ability (Birditt & Fingerman, 2005; Carstensen et al., 2000; Mather, 

2016), which leads to relatively better social decision-making quality when control of 

negative affective impulses is required. However, age-related decline in negative subjective 

arousal (Samanez-Larkin et al., 2007) may lead to worse social decision making when 

untrustworthy individuals attempt to exploit older adults. Functional declines in the AI and 

its frontal projections have been identified as neural substrates associated with reduced 

negative subjective arousal in aging (Muller et al., 2016). Accordingly, CISDA hypothesizes 

that (a) older adults will perform better in social decision making contexts where controlling 

negative affective impulses leads to better decision-making quality; (b) older adults will 

perform worse in social decision making contexts where negative subjective arousal is 

required for optimal decision making, such as decisions that require detection of 

untrustworthiness and deceitfulness in others (see Figure 2b); (c) age-related greater 

emotional control ability and negative subjective arousal decline will be mediated in part by 

age-related decline of the AI and its projections to the vmPFC and vlPFC; (d) age-related 

greater emotional control ability and negative subjective arousal decline will also be 

mediated in part by age-related functional stability of the vmPFC and vlPFC and their 

projections to the AI.

Pertaining to memory for past experience, CISDA predicts that age-related accumulation of 

experience and knowledge will lead to better social decision quality when performance 

relies on semantic and/or implicit memory. However, age-related declines in episodic 

memory, recollection, and working memory will lead to worse social decision quality when 

performance relies on accurate recollection, learning from past mistakes, or integration of 

multiple pieces of information. Correspondingly, CISDA hypothesizes that (a) older adults 

will perform better in social decision contexts that rely on semantic and implicit memory 

ability, such as drawing on familiar social norms and knowledge; (b) older adults will 

perform worse in social decision making contexts that rely on working and episodic memory 

ability, such as learning from recent or unfamiliar social experiences and navigating multiple 

options (see Figure 2c); and (c) age-related declines in the dlPFC, MTL, and projections 

between these structures will mediate older adults’ ability to adaptively react to unfamiliar 

and/or complex social decision-making contexts, especially in response to making errors.

The application of CISDA to future research endeavors has great potential to spur theory 

refinement and promote empirical characterization of social decision-making processes in 

aging. Research hypotheses derived from CISDA can also inform practical applications 

including addressing vulnerability to fraud and exploitation among older adults. Also, 

CISDA can be applied to examining decisions to trust in contexts such as advertising, news 

media, or phone or email solicitations. In this way, CISDA holds relevance for policy, 

products, and protecting older adults from targeted scams.
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11 | CONCLUSION

CISDA’s proposition of three key integrative components central in social decision making 

in late life fills a theoretical gap in the literature and compliments a growing body of work 

that argues against the notion that older adults suffer from uniformly decreasing decision-

making abilities. Informed by interdisciplinary research on economic decision making, 

cognitive neuroscience, and lifespan development, CISDA outlines specific age-related 

changes in theory of mind, emotion regulation, and memory for past experience that affect 

the integration of choice valuation and how such changes can impact older adults’ decision 

making in social contexts. CISDA aims to stimulate further theory development and 

empirical work on applications that can optimize the decision-making process and align 

older adults’ social decision-making tendencies with their goals of wellbeing and 

independence.
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BOX 1

LABORATORY SOCIAL DECISION TASKS: DIRECT AGE COMPARISONS

Social decision making has classically been studied in the context of game theory, which 

economists use to model financial decision making (Sanfey, 2007). Associated paradigms 

include the Dictator Game, Ultimatum Game, Trust Game, and Prisoner’s Dilemma 

(Sanfey, 2007). Game theory typically measures participants’ behavior against the 

strategy a rational, self-interested person would adopt to maximize their profit in a social 

situation. Research utilizing these experimental economic games indicates that people are 

generally more concerned with fairness and reciprocity than with the maximization of 

personal profit (Sanfey, 2007). These paradigms are useful in laboratory studies of social 

decision making as there is a broad history of work using these experimental games, 

including some of the first laboratory-controlled experiments allowing for precise 

predictions and measurements of factors that influence social decision behavior (von 

Neumann & Morgenstern, 1947). Further, the high degree of control afforded by these 

tasks is especially useful for isolating neurological correlates of behavior in 

neuroimaging studies of social decision making (e.g., NAc activity in response to 

manipulating reward delay and AI activity in response to manipulating risk; Samanez-

Larkin & Knutson, 2015). The neural correlates of behavior in these economic games 

have been examined in a substantial number of studies, particularly in younger adults 

(Rilling & Sanfey, 2011, for review). While the literature base is still small, these 

experimental games have recently been applied to investigate age differences in social 

decision making (e.g., Bailey et al., 2015; Bailey, Zacks, et al., 2013; Beadle et al., 2012; 

Harlé & Sanfey, 2012; Roalf, Mitchell, Harbaugh, & Janowsky, 2012; Suzuki, 2016; 

Webb, Hine, & Bailey, 2016). The majority of studies in this emerging area of research 

have investigated effects of age on generosity, trust, and empathy.

Research examining generosity in social decision making has shown that when older 

adults are placed in a role where they can give money to a partner (i.e., investor), they are 

typically more generous than their younger counterparts. In multi-round and one-shot 

variants of the Ultimatum and Dictator Games, older adults have exhibited greater 

generosity when in the investor role than younger adults (Bailey, Ruffman, & Rendell, 

2013; Bailey, Zacks, et al., 2013; Beadle et al., 2012; Roalf et al., 2012). In a meta-

analysis of 133 Dictator Game studies between 1992 and 2010, older adults from 

developed countries had a greater likelihood of offering more to their partners than other 

age groups, and the single most common amount older adults offered was their entire 

initial endowment (Engel, 2011). Furthermore, learning empathy-inducing information 

about an investee in a one-shot version of the Dictator Game increased investments by 

older adults compared with younger adults (Beadle, Sheehan, Dahlben, & Gutchess, 

2013). With respect to trust, one-shot Trust Game studies have indicated that age is 

associated with stable or increased investments in game partners (Bailey et al., 2015; 

Josef et al., 2016; Sutter & Kocher, 2007), increased likelihood to fairly return as an 

anonymous investee (Bailey et al., 2015), and increased proportional returns (Sutter & 

Kocher, 2007). Research using a multi-round trust game has found that older adults are 

more likely than younger adults to invest with all trustees regardless of experimentally 
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manipulated trustworthiness of the trustees and their social closeness to their partners 

(except for the most trustworthy and socially close trustees; Webb et al., 2016). Thus, 

increased generosity in aging may be mediated by age-related increases in trust.

These experimental economic games can also be played with participants in the opposite 

role. When older adults are placed in a role where they receive money from a partner 

(i.e., investee), however, they are more likely to be concerned with fairness and emotion 

regulation than younger adults. For instance, in the role of investee during a one-shot 

Ultimatum Game, older adults were more likely than younger adults to reject moderately 

unfair offers (30% splits) and displayed brain activation patterns suggesting 

downregulation of negative emotions in response to unfair offers (Harlé & Sanfey, 2012; 

Roalf et al., 2012; but see Girardi, Sala, & MacPherson, 2018). While older adults may 

be more concerned with fairness than younger adults, their ability to monitor fairness 

over multiple interactions maybe hindered. Correspondingly, findings from a multi-round 

Trust Game indicated that older adults had a bias to trust those with “trustworthy faces” 

regardless of the trustworthiness of their past behavior (Suzuki, 2016). The latter finding 

suggests that older adults may inflexibly rely on facial cues when making social 

decisions.

Together, these findings converge on several age-related differences in social decision 

making: compared to their younger adults, older adults give money more generously, are 

more concerned with being treated fairly and down-regulate negative affect. Notably, 

however, there are concerns that the generalizability of these experimental economic 

games is limited because they cannot represent the full complexity of real-world social 

decision making. For example, a study using cross cultural methods did not replicate 

findings showing age-related increases in generous, trusting behavior (Rieger & Mata, 

2013). Issues of ecological validity are not isolated to research on social decision making 

in aging. For example, in a primarily college-age sample, Galizzi and Navarro-Martínez 

(2018) examined altruistic behaviors in a select set of field experiments (e.g., helping a 

confederate carry boxes, donating to a children’s charity) and found that most altruistic 

actions were not predicted by participants’ prior behavior in experimental economic 

games. Future research should examine factors that affect the generalizability of 

experimental economic games, which may include individual differences in reward 

valuation, numeracy, and task ambiguity. Identification of significant barriers to external 

validity can be used to improve both task design and analytic approaches in research on 

social decision making, including research utilizing CISDA.
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FIGURE 1. 
(a) Changes in Integration for Social for Social Decisions in Aging (CISDA) provides a 

theoretical framework for understanding mechanisms of age-related changes in decision 

making in the social domain. CISDA focuses on neurobiological and experiential changes 

underlying three key interacting integrative functions: Theory of mind, emotion regulation, 

and memory for past experience. (b) Neural substrates, age effects, and potential impacts on 

decision making in the three integrative processes proposed in CISDA. dmPFC = 

dorsomedial prefrontal cortex; TPJ = temporal–parietal junction; vmPFC = ventromedial 

prefrontal cortex; MTL = medial temporal lobe; dlPFC = dorsolateral prefrontal cortex; 

vlPFC = ventrolateral prefrontal cortex; AI = anterior insula; CN = caudate nucleus
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FIGURE 2. 
Predicted trajectories of integration functions in CISDA. CISDA proposes stability or 

change in decision-making performance as a function of aspects of theory of mind, emotion 

regulation, and memory for past experience. (a) Performance reliant on affective theory of 

mind is predicted to remain stable across adulthood while performance reliant on cognitive 

theory of mind is predicted to decline. (b) Performance reliant on the ability to regulate 

negative affective impulses is predicted to improve across adulthood while performance 

reliant on negative subjective arousal is predicted to decline. (c) Performance reliant on 

semantic or implicit memory is predicted to improve over adulthood while performance 

reliant on working or episodic memory is predicted to decline
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