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Abstract. During aging cognitive functions change differently from
others. Unlike most of the body systems, there is no clear decline pattern in
cognitive processes. One of the most significant cognitive processes is
decision-making, which defines social interactions, economical
relationships, and risky behavior. Among factors influence decisionmaking process, individual lifelong experience is considered to be an
important one. Obviously, older adults have more life experience, than the
younger groups. However, the former often do not tend to rational choices
and beneficial strategies. In this case it is important to assess how aging
processes in brain contribute into searching for the most beneficial option
during decision-making. On the basis of today’s studies about risky
behavior, judgement of fairness, financial games, and modern
neuroimaging data this review will observe and discuss age-related
differences in decision-making. Thus, a correct cognitive profile of older
adult in decision-making context can be determined.

1 Introduction
Aging is a complex process, which is common for every human being. During aging the
most of physiological systems and body functions are getting less effective as well as less
resistant to harmful environmental stimuli [1]. However, there is one function, which in
some cases demonstrates even more impressive and successful results while getting older:
cognition. Indeed, in the absence of diseases, human brain maintains proper functioning,
which sometimes is even facilitated by collected lifelong experience. This life experience
comprises all the individual’s significant events, skill, and knowledge, thus making
individual more adapted to certain environment [2-3]. The cognition involves many aspects
of intellectual functions, such as attention, perception, reasoning, processing of memory,
and decision-making [4]. The latter represents not only successful life tasks solving, but
defines social interactions and behavior. Decision-making is considered to be a part of all
economic relationships, risk evaluation, and of social cognition [5].
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The individual experience gained throughout life determines decision-making process,
because it is based on the previous succeeds and rewards as well as on failures [6]. Thus,
we may expect unequal behavior in risky and ambiguous situations in peoples of different
age groups. Will the elder act more rationally all the time? Or does human brain tends to
lose rationality with aging? Basically, the rational thinking is not simple to assess and,
regarding to decision-making, neuroscientific studies associate it with ability to find the
most beneficial option. During this search individual should evaluate possible risks,
rewards, fairness, assess desirable and undesirable outcomes [7]. In this case, financial
games, gambling tasks, and ethical questions are widely used to study decision-making
process [8-10]. Modern studies also assess neurophysiological correlates of this process via
neuroimaging techniques, such as functional magnetic resonance imaging (fMRI),
electroencephalography (EEG), magnetoencephalography (MEG), positron emission
tomography (PET), diffusion tensor imaging (DTI) [11].
In this review, we will address to age-related differences in decision-making and discuss
possible explanations and neural correlates of these differences.

2 Materials and Methods
2.1 Literature search
The search was conducted in PubMed, Embase, PsychArticles, PsycINFO databases, using
the following keywords: neurocognitive aging, healthy aging, decision-making, rational
thinking, rational choice, reward-related behavior, financial decisions, ultimatum game,
Iowa gambling task, lottery choice task, delay-discounting, evaluation of fairness, framing
effect, risky behavior, decision outcomes, reward learning, outcome bias, cognitive bias,
cognitive conflict, fMRI, EEG, MEG, neuroimaging, probability judgement, reasoning task,
risk perception, risky choice, social behavior, lifelong experience.
The search was limited to articles published from 2010 to the present in order to keep
the relevance of the current review. At the same time, since decision-making research is a
relatively new field of neuroscience, the limit by year still provided a substantial amount of
available studies.
2. 2 Inclusion criteria
To be included into the consideration, studies were required to involve an assessment of
age-dependent changes in decision-making process via original experimental study, or
meta-analysis. All subjects recruited for the studies should not have any neurological or
psychiatric diagnosis, thus representing healthy aging process. Subjects considered as older
adults should have been at age of 65 or older. Decision tasks could include decision-making
under uncertainty, multi-dimensional decision-making, preference-based decision making,
and organized as real-life decisions or games. Appropriate statistics were required to be
described (or to be available from the corresponding author) in the article for its inclusion.
2. 3 Exclusion criteria
Animal studies and experimental studies, which did not observe older adult subjects were
excluded. Clinical studies comprised patients, or subjects, who used psychotropic
medications, were either excluded. Articles published in a language other than English were
out of consideration. Non peer-reviewed literature was excluded.
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3 Results and Discussion
3. 1 Developmental factors
Even in healthy aging there are neurocognitive changes, which occur in the most of
individuals. They include declines in attention, memory, conceptual reasoning, and in other
executive functions [12]. At the same time, some functions, for example, visuospatial
perception, language processing remain intact [13]. Moreover, vocabulary may even
improve with age, as well as individual lifelong experience, which is being constantly
enriched and affects decision-making process greatly. Nevertheless, cognitive abilities
obviously seem to decrease during aging process [14].
Addressing to neural basis of age-related neurocognitive changes, neuroimaging data
may be considerable. There is a strong evidence that many functional and structural
changes occur in brain when growing older [15]. One of the most obvious is progressive
tissue volume loss, which affects white and grey matter [16]. In some degree the atrophy
covers almost all brain regions, however, related to cognitive functions, frontal and
temporal lobe volume loss appears to be the most crucial [17-20]. Generally, the atrophy is
linked not only to neuronal death, but also to synaptic loss [21]. It can reflect cognitive
declines, and decrease of memory function [22]. White matter tracts, which consist mainly
of axons, were also reported to be influenced by aging process [23-24]. With DTI it was
shown, that white matter tracts tend to lose integrity with increasing age, so that defining
deficits in cognitive functions [25].
On the functional level, there is also descending pattern due to decrease of metabolic
activity in neural cells [26]. The evidence of that comes from the fMRI data while
measuring blood-oxygen-level-dependent (BOLD) signal – indicator of cell metabolism. It
was shown, that BOLD signal in older subject is decreased, particularly in prefrontal cortex
[27-28]. Thus, morpho-functional changes occur during healthy aging overall demonstrate
pattern of decline. However, older adults do not indicate any serious restrictions or
limitations in cognitive activities, so that examination of their decision-making strategies
still remains reasonable.
3. 2 Risk-taking behavior
Risky behavior can occur as a result of tolerance to high probability of unfavorable
outcome (for example, money loss), and in this case brain mechanisms of risk evaluation
can be declined [29]. At the same time, risk-taking can be demonstrated due to lower
sensitivity to positive and negative outcomes (i. e. deficit in reward learning). In both
conditions, diminished neural processing in certain brain regions can be observed [30-33].
Age-related differences in risky behavior were described in a number of studies,
including financial games, as well as applied decision-making [34-36]. In the most of the
studies risk-taking was reported to increase during aging, with elder adults being the most
prone to risky decisions. In the mixed lottery task older adults tend to make choices
according to the amount of possible reward, but not to probability of winning or losing
[37]. In accordance with possible explanations mentioned above, dysfunction of neural
mechanisms underlying goal-oriented behavior has been proposed. Altered reward learning
in elder adults can be a result of decreased frontostriatal connectivity between ventral
striatum (VS) and prefrontal cortex [38]. Moreover, in younger groups, VS is involved in
possible outcome processing in higher degree, than in older adults. The latter demonstrated
greater involvement of cortical areas, such as dorsolateral prefrontal cortex (DLPFC) and
ventromedial prefrontal cortex (VMPFC) [39]. Thus, the basis of such behavior can be not
only altered functioning, but also different activation pattern in the brain.
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3. 3 Fairness sensitivity and reciprocity
The judgement of fairness is considered to be one of the key factors in social decisionmaking [40]. Among decision-making models, the ultimatum game (UG) is often used
during examination of fairness preferences [41]. In the UG two players are required: the
first one (proposer) offers to divide a sum of money in any proportion, the second one
(responder) has to accept or reject the offer. In case of rejection, both players earn nothing.
From the rational point of view, it is more beneficial to accept any offer, even unfair one
[42]. However, usually people prefer to reject unfair offers (less than 20%) in the UG [43].
It was shown, that evaluation of fairness significantly changes with aging process [44].
While small children tend to be fair and follow equal distributions, from the early
adolescence and later this tendency shifts to inequity [45]. Compared to younger adults,
elders demonstrate lower acceptance rate of unfair offers, with simultaneously higher
expectations from the proposer in the UG [46]. Although following disadvantageous
strategy, possible explanation can be found while analyzing overall scores after several
trials of the UG. Some studies show the elder groups to have higher total payoff, than
younger adults, making their strategy more beneficial [47-48]. In this case, rejection of
unfair offers could lead to more generous distributions from the same proposers in
subsequent trials (i. e. reciprocity). From the neural point, there is a difference in the
intensity of brain regions activation during the UG, although the patterns remain the same.
FMRI data evidence higher activation in DLPFC and inferior parietal gyrus after processing
of fair offers, and lower activation in anterior insula after unfair offers [49-50].
3. 4 Empathy and moral judgement
Strategies, which older adults tend to follow during decision-making can be less rational
not only because of light cognitive declines, but due to different sensitivity to some aspects
of their choices. During interaction with other subjects, different values and goals can be
predominant. In addition to that, there are certain priorities on the perceptual level, for
example age-related positivity effect, which states that older adults pay more attention to
positive stimuli, than to negative ones [51-53]. This effect can help with interpretation of
their preferences in the mixed lottery task and in the Iowa gambling task [54-55].
Another point is that older subjects put a higher priority on social values, than on
monetary rewards [56-57]. In this case, desirable result can include facilitated mutual
interaction and reciprocity, but not the highest payoff. On the other hand, older adults were
also shown to prioritize moral values, and to demonstrate more negative reactions to moral
violations (for example, unfair money distribution) [58-60]. Thus, we may conclude, that
positive affective component and social values become more prominent in the older adult
decision-making process.

4 Conclusion
On the basis of today’s reports about cognitive functions in older adults, we may conclude,
that there is a specific cognitive profile in this age group. The differences in brain structure
and its functional activity reflects particular patterns of goal-oriented and social behavior.
Taken together, this defines certain strategies in decision-making which older adults tend to
follow: risk-taking, reciprocity, high moral judgement. Thus, a cognitive profile of an older
adult can be determined. These conclusions indicate future aims and scope for basic and
applied research.
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