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Abstract

Objectives

Financial decision-making (FDM) is crucial for independent living. Due to cognitive decline
that accompanies normal aging, older adults might have difficulties in some aspects of
FDM. However, an improved knowledge, personal experience and affective decision-mak-
ing, which are also related to normal aging, may lead to a stable or even improved age-
related performance in some other aspects of FDM. Therefore, the present explorative
study examines the effects of normal aging on multiple aspects of FDM.

Methods

One-hundred and eighty participants (range 18-87 years) were assessed with eight FDM
tests and several standard neuropsychological tests. Age effects were evaluated using hier-
archical multiple regression analyses. The validity of the prediction models was examined
by internal validation (i.e. bootstrap resampling procedure) as well as external validation on
another, independent, sample of participants (n = 124). Multiple regression and correlation
analyses were applied to investigate the mediation effect of standard measures of cognition
on the observed effects of age on FDM.

Results

On a relatively basic level of FDM (e.g., paying bills or using FDM styles) no significant
effects of aging were found. However more complex FDM, such as making decisions in
accordance with specific rules, becomes more difficult with advancing age. Furthermore, an
older age was found to be related to a decreased sensitivity for impulsive buying. These
results were confirmed by the internal and external validation analyses. Mediation effects of
numeracy and planning were found to explain parts of the association between one aspect
of FDM (i.e. Competence in decision rules) and age; however, these cognitive domains
were not able to completely explain the relation between age and FDM.

Conclusion

Normal aging has a negative influence on a complex aspect of FDM, however, other aspects
appear to be unaffected by normal aging or improve.
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Introduction

During adulthood, most people make financial decisions. Some of these decisions are age or
life stage dependent, such as buying a house or saving for retirement, while other decisions
occur throughout adulthood, such as buying groceries and paying bills. Financial decision-
making (FDM) is thus necessary in multiple situations and is crucial for independent living.

FDM requires the integrity of cognition [1] and appears to be vulnerable to cognitive
changes and dysfunctioning of especially the prefrontal cortex [2,3]. Consequently, it is not
surprising that impairments in FDM are found in patients with different brain pathologies,
such as patients with Alzheimer’s disease, Mild Cognitive Impairment and Parkinson’s disease
[4-10]. Normal aging is, however, also accompanied by structural and functional changes of
the prefrontal cortex [11,12]. These age-related changes might result in a decreased memory,
attention and executive functioning [13,14] and consequently in deficits of FDM in older
individuals.

Previous studies have shown that deliberative information processing is essential for deci-
sion-making. Deliberative information processing can be defined as a rational manner of
manipulating information that is needed to come to a decision (e.g. [15]). Deliberative infor-
mation processing is thought to rely strongly on working memory capacity and related cogni-
tive functions [16]. Indeed, previous research indicates that deliberative information processes
are less efficient with advancing age due to an age-related cognitive decline in processing
speed, short- and long-term memory, working memory, attention, inhibition and reasoning
[13,14,17,18]. As a result, older adults evaluate less information before making a decision [19]
and have more difficulties with rather complex decision-making [20,21] than younger individ-
uals. Furthermore, in de context of FDM, also numeracy abilities, independent of age, educa-
tion level and other cognitive functions, are thought to play an important role [22-25].

Besides deliberative information processes, affective processes were also found to play a
role in decision-making (e.g. [26,27]). Affective processing relies on personal experience and
prior learning on how to deal with certain decision-making situations [15]. Not only integral
affect (i.e. the feelings or emotions towards a problem or decision), but also incidental affect
(i.e. the emotional status, unrelated to the problem or decision, while making a decision) are
related to affective processing and have an influence on decision-making [15]. It has been sug-
gested that these affective processes remain unaffected or even improve with advancing age
[15,28,29]. Furthermore, also personal experience in and knowledge about (financial) deci-
sion-making (e.g. the experience with paying bills or buying or selling a property) expand with
advancing age [15,30]. Affective processing and personal knowledge and experience might,
therefore, compensate for a decreased deliberative cognitive processing in older adults result-
ing in similar or even better decision-making with advancing age [31,32]. It can thus be con-
cluded that normal aging may have negative effects as well as positive influences on (financial)
decision-making.

So far, only a few studies focused on FDM. These studies primarily examined an older
(demented) population and investigated relatively basic aspects of FDM, such as the ability to
recognize coins, count money and pay bills (e.g. [4-6]). FDM, however, also includes buying
or selling property, saving for retirement and taking out health insurances. Furthermore, unfit-
ting behavior in a financial context, such as impulsive buying and gambling, can lead to major
consequences for an individual’s financial situation. Therefore, to gain a comprehensive over-
view of an individual’s FDM skills and abilities it is of utmost importance to not only assesses
the simple aspects of FDM but also to study more complex aspects of FDM.

The aim of the present explorative study is to determine the effects of normal aging on mul-
tiple aspects of FDM. Therefore, based on previously published procedures, a test battery was
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developed encompassing eight FDM tests measuring eight aspects of FDM (i.e., financial com-
petence, (financial) decision-making capacity, financial decision styles, ability to apply rules,
decisions with implications for the future, impulsive buying tendency, emotional decision-
making and intuitive and deliberative decision-making). It is expected that an advancing age
results in a decreased performance in aspects of FDM that rely strongly on deliberative infor-
mation processing (e.g. the ability to apply rules) due to an age-related cognitive decline that
accompanies normal aging [13,14,17,18]. However, it is also expected that other aspects of
FDM, that rely more on knowledge or affective processing, are not affected by aging (e.g.
financial competence) or even improve with advancing age (e.g. impulsive buying or intuitive
decisions) due to an age-related increase in knowledge and experience with FDM or an
improved affective decision-making in older adults [15,28-30]. Furthermore, since this is an
explorative study, it is important to determine whether or not our results are due to statistical
errors and can be replicated. Therefore, the validity of the prediction models will be examined
by internal validation (i.e. bootstrap resampling procedure) as well as external validation on
another, independent, sample of participants. Finally, the association between cognitive func-
tions and the different aspects of FDM and the possible mediating effect of cognition on the
relation between age and FDM are investigated.

Materials and methods
Participants—Sample 1

One hundred and ninety-one adults participated in this study. Participants were recruited
through advertisement in a local newspaper and via social contacts of the researchers (i.e. fam-
ily members and acquaintances of the researchers and of included participants were informed
about the study via word-of-mouth, email or social media). Eleven participants with evidence
for psychiatric or neurological conditions were excluded: five participants showed high scores
on a depression rating scale (Beck Depression Inventory-II-NL > 19 [33]), two participants
obtained low scores on a dementia rating scale (Mini Mental State Examination < 24 [34])
and four participants reported having a neurological or psychiatric condition which might
have a negative impact on cognition (e.g. brain tumor and Lyme disease). The remaining 180
participants (sample 1) were on average 49.58 years old (range 18-87 years; Table 1) and
obtained on average 15.15 years of education. Slightly more females (57.2%) than males were
included in sample 1 (Table 1).

Participants—Sample 2

A second sample (n = 124) was included to evaluate the external validity of possible age effects.
The recruitment procedure (i.e. via contacts of the researchers, recruited by word-of-mouth,
e-mail or social media) as well as the inclusion and exclusion criteria (e.g. no evidence for a
psychiatric or neurological condition) were similar to the first sample. None of the participants
in sample 1 were also included to sample 2. Both samples were comparable with regard to the
age range. However, the average age of the second sample was significantly lower than in the
first sample (Table 1). Furthermore, the second sample obtained on average two more years of
education than the first sample. The samples did not differ significantly on other demographic
characteristics (Table 1).

Ethics statement

The Ethical Committee Psychology of the University of Groningen, Groningen, The Nether-
lands, and the Medical Ethical Committee of the University Medical Center Groningen,
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Table 1. Demographic characteristics of samples 1 and 2.

n
Age range
Age M(SD)
Age groups

<30

30-39

40-49

50-59

60-69

>70
Female
Education M(SD)
In employment
Income range

Sample 1 Sample 2 Group differences
(p-value)
180 124
18-87 19-87
49.58 (18.37) 41.28 (17.73) <.001?
<.001°
20.6% 37.9%
12.2% 14.5%
11.1% 5.6%
22.2% 27.4%
21.7% 7.3%
12.2% 7.3%
57.2% 58.9% 775°
15.15 (3.78) 17.04 (3.60) <.001?
61.1% 67.7% .237°¢
25.000-35.000 25.000-35.000 .198°

Note. Age and Education in years; Average annual gross income range in Euro.

@ one-way ANOVA,
® Mann-Whitney U test or
¢ Pearson’s chi-square tests.

https://doi.org/10.1371/journal.pone.0182620.t001

Groningen, The Netherlands, approved this study. Participants were informed about the con-
tent of the research prior to assessment. Furthermore, they were informed that participation
was voluntary and that they were able to withdraw at any time. All participants signed a writ-
ten informed consent prior to assessment.

Procedure and measurement

The assessment in sample 1 consisted of eight FDM tests and several standard neuropsycho-
logical tests. All tests were performed consecutively and in a fixed order with an approximate
duration of 3.5 hours (see S1 Procedure for an overview of the sequence of tests). The fixed
sequence of tests was chosen to minimize the interference between cognitive tests. One break
of at least fifteen minutes was included, however, participants could ask for as many breaks as
needed to minimize the effects of fatigue. Questionnaires were completed at home prior to
assessment. Each participant was tested individually. The data of sample 2 was collected in the
context of another study and in this study only FDM tests were used.

Tests measuring financial decision-making. The Financial Competence Assessment
Inventory—NL (FCAI-NL) is an in Dutch translated and updated version of the original
FCATI task developed by Kershaw and Webber [6,35]. The FCAI-NL provides information
about strengths and weaknesses regarding an individual’s ability and knowledge to perform
actions that are needed to execute financial transactions on a relatively fundamental level
(further described as “financial competence’ [35,36]). The original FCAI appeared to be suit-
able for different age and patient groups [6,35]. The FCAI-NL consists of six different sub-
scales based on the six dimensions of financial competence [6,35]: ‘Financial abilities’ (e.g.
the ability to understand the information that is presented on bills), ‘Financial judgment’
(e.g. identifying and understanding items on a bank statement), ‘Financial cognitive func-
tioning’ (e.g. writing a cheque), ‘Financial management’ (e.g. understanding banking
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protocols), ‘Debt management’ (e.g. awareness of own debts) and ‘Financial support
resources’ (e.g. assistance seeking skills). In total, the FCAI-NL contains 38 questions varying
between theoretical questions, practical assignments and questions about the financial situa-
tion of the participant. For each question, participants receive a score between 0 (no aware-
ness) and 4 (complete understanding) depending on the accuracy of the answer, with the
exception of yes/no questions (score of 0 or 1 points, respectively). The total score of the
FCAI-NL (maximum score of 134) is based on the sum of the six subscales and gives an indi-
cation of an individual’s overall financial competence.

The Financial Decision-Making Interview (FDMI) is a newly developed test used to deter-
mine the mental ability or capacity to make a decision related to financial issues (i.e. (financial)
decision-making capacity). Decision-making capacity consists of five domains [37,38], i.e. the
ability to identify a problem (‘Identification’), to understand information and consider risks
and benefits (‘Understanding’), to reason about different options and make a reasoned deci-
sion (‘Reasoning’), to appreciate and evaluate the effects of decisions (‘Appreciating’) and to
articulate a final choice (‘Communication’). The principle of the FDMI is based on the Mac-
Arthur Competence Assessment Tool and on previously published procedures that were used
to assess (medical) decision-making [37-42]. In the FDMI, two vignettes with a complex hypo-
thetical financial problem are presented in oral and written form. After the presentation of the
vignette, participants are asked to answer questions related to the five domains of decision-
making capacity. For each answer, participants receive a score of 0, 1 or 2 based on the degree
of completeness. The scores on both vignettes are combined and one overall total score (maxi-
mum score of 20) is calculated as well as total scores for each subscale (maximum score of 4).

The Financial Decision Style (FDS) questionnaire is used to evaluate the manners individu-
als apply in FDM situations (i.e. financial decision styles) [43,44]. The FDS is based on the
General Decision-Making Style questionnaire [44] which is a self-report questionnaire with
good construct validity [45,46]. The FDS consists of 24 questions and differentiates five deci-
sion-making styles [44], i.e. (1) a ‘rational’ style characterized by the evaluation of options (e.g.
‘T make financial decisions in a logical and systematic manner’), (2) an ‘intuitive’ style which
allows individuals to rely on feelings or emotions (e.g. ‘When I make financial decisions, I tend
to rely on my intuition’), (3) a ‘dependent’ style characterized by the requirement of advice of
others (e.g. ‘I rarely make important financial decisions without consulting other people’), (4)
an ‘avoidant’ style characterized by avoiding and postponing decisions (e.g. ‘I postpone finan-
cial decision-making whenever possible’) and (5) a ‘spontaneous’ style characterized by impul-
sivity (e.g. ‘T often make financial decisions in the spur of the moment’). For each question,
participants are asked to rate on a scale ranging from 1 (strongly disagree) to 5 (strongly agree)
to what extent each situation applies to them. A total score is calculated for each financial deci-
sion style.

Competence in Decision Rules (CDR) is a subtest of the Adult Decision-Making Compe-
tence battery [20,47] and assesses the ability to make financial decisions based on specific rules
or criteria, such as selecting a product that meets certain requirements. The CDR contains ten
scenarios with increasing complexity during which participants need to indicate which of five
televisions (the original version referred to a DVD-player) they would buy using different deci-
sion rules. For example, ‘Emma wants the television with the highest average rating. However,
she also wants to make sure that she buys a television that obtained the best rating on sound
quality’. All televisions are equally priced, but vary in their technical specifications (e.g. picture
quality and brand reliability). To make correct decisions in this test, participants are required
to analyze the specifications of each television and to balance all pros and cons of a specific
television based on the given rule. A total score is calculated based on the total number of cor-
rectly answered scenarios (maximum score is 10).
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The Temporal Discounting Task (TDT) consists of eighteen different hypothetical scenar-
ios and is used to assess decisions with implications for the future, such as choosing between
spending or saving money. A critical characteristic of these decisions is that the subjective
value of an option decreases over time (i.e. temporal discounting (TD) [48]). During each sce-
nario of the TDT participants have to indicate the lowest amount of money they would accept
today or after a relatively short delay instead of receiving a relatively high amount of money
later in time (e.g. ‘Which amount of money would you accept today instead of receiving €100
in one year?’). Six different time intervals are used (i.e. ‘today vs. one week’, ‘today vs. one
month’, ‘today vs. one year’, ‘one week vs. one month’, ‘one week vs. one year’ and ‘one month
vs. one year’), which are combined with an amount of money participants can receive after a
delay (i.e. €100, €500 or €1000). All answers are converted to a percentage of the amount of
money participants can receive after a relatively long delay. Subsequently, one average score is
calculated based on all six time intervals. A high score is indicative for a decreased sensitivity
to TD and, therefore, the ability to make decisions with implications for the future.

The Impulsive Buying Questionnaire (IBQ) is used to investigate the tendency to buy
on impulse, which can be described as the irrepressible tendency to perform a sudden
unplanned purchase [49]. The IBQ assesses the affective, cognitive and situational compo-
nents of impulsive buying [50-52]. The affective component refers to emotions and feelings
that lead to impulsive buying behavior; the cognitive component refers to thoughts of and
the urge to buy on impulse. A situational component, i.e. the availability of time and money
that are needed to execute an impulsive purchase, also appears to be involved [50]. The situ-
ational component is, however, still experimental and therefore not part of the total IBQ
score. All questions (e.g. ‘When I go shopping, I buy things that I did not intend to purchase’
or ‘T always buy it if I really like it”) are rated on a four-point scale, which ranges from 1
(strongly disagree) to 4 (strongly agree). Sum scores are calculated for the affective, cogni-
tive and situational component. Furthermore, a total score is calculated reflecting the overall
tendency to buy on impulse. Scores are reversed so that high scores represent low levels of
impulsive buying tendency.

A computerized version of the lowa Gambling Task (IGT) [53,54] was developed to assess
real-life decision-making, however, seems to assess primarily emotional decision-making
in healthy individuals [55]. Emotional decision-making in the context of the IGT can be
described as an unconscious urge or feeling based on previous experience and emotional stage
which has an influence on decision-making [55,56]. Participants have to choose cards from
four decks and each deck is associated with certain gains and losses. The disadvantageous
decks A and B lead to relatively high gains but also to relatively high losses. Decks C and D, the
advantageous decks, result in relatively low gains but also in relatively low losses. Participants
are not explicitly informed about the rules of winning and losing. They therefore have to learn
from trial and error which decisions are most advantageous. A total netscore, i.e. the number
of times a participant chose the advantageous decks minus the number of times the participant
chose the disadvantageous decks, over 100 trials is calculated. Furthermore, the netscore will
be divided in five parts of 20 trials to assess the effect of feedback and risky decision-making
[57].

The Financial Decision-Making on Intuition or Deliberation test (FDM-I/D) is a computer
test based on previous published procedures [58,59] and is used to assess intuitive and deliber-
ative decision-making. This test is based on the theory that individuals who were distracted
before they had to make a complex decision made significantly better decisions compared to
individuals who made their decisions consciously and deliberately [58-60]. During the
FDM-1/D participants are presented with information about attributes of four options of a
hypothetical product (i.e. a boat, an apartment, a car and a flight ticket) of which they have to
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choose the best option. The attributes are either positively or negatively formulated and the
options per product are designed in such a way that one option is the best product with 75%
positive attributes. For two options the positive and negative attributes are equally represented,
and the last option has only 25% positive attributes. During two trials (i.e. boat and apartment)
participants were asked to base their decision on their intuition; i.e. participants are distracted
for 2.5 minutes before they have to make a decision by performing a Go-NoGo test immedi-
ately after the presentation of the attributes. In the other two trials (i.e. car and flight ticket)
participants are instructed to make their decision after deliberatively thinking about the posi-
tive and negative attributes during a period of 2.5 minutes. Participants received 0 points if
they choose the best option, -25 points if they choose one of the options with 50% positive
attributes and -50 points if they choose the option with only 25% positive attributes. A total
score is calculated for intuitive-based and deliberative-based decisions by adding the scores on
the intuitive-based trials and deliberative-based trials, respectively.

Neuropsychological tests. A neuropsychological assessment was performed to assess a
wide range of cognitive functions, such as memory, attention, executive functions, psychomo-
tor speed and numeracy. Several standardized, reliable and valid neuropsychological tests were
used to assess these cognitive functions. Verbal short-term memory was examined with the
Digit Span forward of Wechsler Adult Intelligence Scale IV (WAIS-IV—Digit Span forward
[61,62]) and with the immediate recall of the Dutch version of the Rey Auditory Verbal Learn-
ing Test (RAVLT immediate recall [63]). Verbal long-term memory was assessed with the
RAVLT delayed recall [63]. Psychomotor speed was assessed using the Trail Making Test—
Part A (TMT A [64]) and the Stroop Color-Word Test—Word Card (Stroop card 1 [65]).
Selective attention was examined with the D2 Test of Attention [66,67] (target measures: D2
Concentration Performance and D2 Total Correct). The following tests were used to assess dif-
ferent aspects of executive functioning: response inhibition—Color-Word Card/Color Card of
the Stroop Color-Word Test (Stroop card 3-2 [65]); cognitive flexibility—Trail Making Test—
Part B divided by Trail Making test—Part A (TMT B/A [64]); Semantic alternating fluency test
(i.e. alternating between names of places and clothes during 1 minute [68]) and Phonemic
alternating fluency test (i.e. alternating between words starting with the letters K and O during
1 minute [68]); planning—Tower of London Test (TOL); working memory—WAIS-IV Digit
Span backward and WAIS-IV Digit Span sorting [61,62]; divergent thinking—Semantic flu-
ency test (categories ‘Animals’ and ‘Professions’ [69]; each during 1 minute) and Phonemic
fluency test (categories words starting with a ‘D’, ‘A” and “T” [70]; 1 minute for each letter).
Finally, mathematical reasoning and numeracy were assessed with the WAIS—IV Arithmetic
[61,62].

Data analyses. Statistical Package for the Social Sciences 23 was used for data analyses.

To determine the effects of age on the performance on the FDM tasks, thirteen hierarchical
multiple regressions were performed on sample 1 using total scores of the FDM tasks as
dependent variables. In the first step (method: enter) demographic variables that might be of
influence on FDM were included as independent variables, i.e. gender, years of education,
employment status and annual year income. Age in years was included as an independent vari-
able in the second step (method: enter). Results of step two will be presented, unless otherwise
stated. Normality was violated regarding the TDT total score; therefore, an arcsine transforma-

tion for percentage data was used for the TDT (i.e. 2arcsine 1% [71]). When significant effects

of age on FDM were found and a summary or total score was used as dependent variable (i.e.
FCAI FDMI, IBQ and IGT) the hierarchical multiple regression analysis was repeated includ-
ing the different subscales or components as dependent variables. A p-value < .05 was consid-
ered statistical significant.
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When significant effects of age on FDM were found, the internal and external validity of
these results were examined. To determine the internal validity, bootstrap analyses were per-
formed to control for overoptimism [72,73]. In the bootstrap resampling procedure, 1,000
random samples of the original sample size were drawn with replacement from sample 1.
Bootstrap 95% Confidence Intervals (CI) were estimated for the regression coefficients (b-
values) as a measure of accuracy of the original regression analyses. When the 95% CI of the
bootstrap analyses did not include the value of zero, the internal validation was considered sat-
isfactory. To examine the external validity of the significant results, the hierarchical multiple
regression analyses, including bootstrap analyses for significant results, were repeated using
sample 2. The b-values of the hierarchical multiple regression analyses and the bootstrap analy-
ses in the second sample were compared to the 95% CI of the conducted bootstraps on sample
1 to evaluate the external validity of the found age effects [73,74]. When b-values of sample 2
were within the 95% CI of the bootstrap of sample 1, the external validity was considered to be
sufficient.

To investigate a possible mediating effect of cognition on the relation between age and
FDM, a four steps procedure by Baron and Kenny [75] was followed. Step one is described
above, i.e., the investigation of the relation between age and FDM. For step two, thirteen addi-
tional hierarchical multiple regression analyses (method: enter) were performed to determine
the relation between cognition and participants’ performance in FDM tests. Dependent vari-
ables were the total scores of each FDM test. Independent variables were the participants’
performances on the different standard neuropsychological measures. When standard neuro-
psychological measures are found to significantly relate to aspects of FDM, additional hierar-
chical multiple regression analyses (step three) will be performed to determine the effects of
age on these measures of cognition. For both step two and three, we controlled for demo-
graphic variables (i.e. gender, years of education, employment status and annual year income)
and a Bonferroni correction was applied to control for alpha-error growth in multiple testing
(i.e. p < .0038 and p < .017 were considered significant for step two and three, respectively).
When significant results were found in step two and three, additional hierarchical regression
analyses (step four) were performed to investigate the effects of age and FDM while controlling
for demographic variables and standard measures of cognition. A significant reduction in the
relation between age and FDM, as determined by the Sobel test, is indicative of a mediating
effect of cognition.

Finally, correlation analyses (Pearson) were used to determine the coherence between the
FDM tests and to further explore the relation between FDM tests and standard neuropsycho-
logical measures. Bonferroni correction was applied to control for alpha-errors and p < .001
was considered significant.

Results
Age effects on FDM

No significant effects of age were found on the total scores of the FCAI-NL and FDMI and on
the application of financial decision-making styles (FDS; Table 2). However, with regard to

the FCAI-NL years of education (b = 0.79 [0.35, 1.23], p = .001) as well as gross annual year
income (b = 1.4 [0.19, 2.60], p = .023) were found to be significant predictors. Number of years
of education was also a significant predictor of the total score of the FDMI (b = 0.11 [0.04,
0.19], p =.003) and years of education and gross annual year income were both significant pre-
dictors of the ‘intuitive style” of the FDS (b = -0.167 [-0.30, -0.03], p = .015 and b = -0.432
[-0.81, -0.06], p = .025, respectively). None of the other FDS styles (i.e. rational, dependent,
avoidant and spontaneous) could be predicted by any of the control variables. Furthermore,
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Table 2. Results of multiple hierarchical regression analyses of sample 1 and sample 2.

Sample 1 Bootstrap of sample 1 Sample 2 Bootstrap of sample 2
Control Age Age Age Age

variables®

R? p (F) b| AR?| p(AF) Bias SE 95%Cl b| AR?| p(AF) Bias SE 95%Cl
FCAI-NL total .163 | <.001* | -0.015 | .000 791 - - - - - - - - R
FDMI total .091 .003* | -0.008 | .005 .358 - - - - - - - - R
FDS rational .022 .488 0.003 | .000 .848 - - - - - - - - R
FDS intuitive .080 .002* | 0.021 | .008 .237 - - - - - - - - R
FDS dependent .028 .361 -0.018 | .005 .354 - - - - - - - - R
FDS avoidant .012 747 0.019 | .007 .310 - - - - - - - - R
FDS spontaneous .035 .233 -0.019 | .010 .196 - - - - - - - - N
CD-R total 211 | <.001* | -0.066 | .151 | <.001* 0.001 | 0.010 | [-0.085,-0.044]* | -0.070 | .150 | <.001* | <0.001 | 0.017 | [-0.101, -0.035]*
TDT total .048 .088 0.006 | .058 .001* | <0.001 | 0.002 [0.002,0.010]* | -0.001 | .001 770 - - -
IBQ total 272 | <.001* | 0.120 | .034 .011* 0.002 | 0.042 [0.035,0.209]* | 0.169 | .062 .006* | <0.001 | 0.040 [0.041, 0.198]*

Affective component .257 | <.001* | 0.086 | .063 | <.001* 0.001 | 0.023 [0.042,0.132]* | 0.085 | .048 .016* | <0.001 | 0.038 [0.012, 0.163]*
Cognitive component .215 | <.001* | 0.030 | .007 .246 - - - - - - - - -
Situational component | .061 .044 -0.011 | .015 119 - - - - - - - - -
IGT netscore total .017 .572 | -0.619 | .071 | <.001* 0.011 | 0.174 | [-0.959, -0.280]* | -0.040 | .000 .878 - - -
Netscore trial 01-20 .018 .566 | -0.035 | .005 .343 - - - - - - - - -
Netscore trial 21-40 .042 129 | -0.112 | .027 .032* 0.002 | 0.054 [-0.213, 0.004] | -0.056 | .005 .453 - - -
Netscore trial 41-60 .015 .656 | -0.057 | .007 .275 - - - - - - - - -
Netscore trial 61-80 .018 565 | -0.171 | .067 .001* | -0.002 | 0.052 | [-0.279,-0.067]* | -0.020 | .001 .790 - - -
Netscore trial 81-100 .027 336 | -0.252 | .120 | <.001* 0.001 | 0.052 | [-0.353,-0.146]* | 0.018 | .000 .816 - - -

I/D ‘intuition’ .036 217 | -0.146 | .014 132 - - - - - - - - -
FDM-1/D ‘deliberation’ .043 .126 -0.113 | .009 .223 - - - - - - - - -
Note.

@ Control variables included were gender, education (in years), income and employment status; AR? = R? change (i.e. added variance when including age);
p(AF) = p-value F change; CD-R = Competence in Decision Rules; FCAI-NL = Financial Competence Assessment Inventory—NL; FDMI = Financial
Decision-Making Interview; FDM-I/D = Financial Decision Making on Intuition or Deliberation; FDM-1/D = Financial Decision Making on Intuition or
Deliberation Test; FDS = Financial Decision Styles; IBQ = Impulsive Buying Questionnaire; IGT = lowa Gambling Task; TDT = Temporal Discounting Task;
* significant with p <.05.

https://doi.org/10.1371/journal.pone.0182620.t002

no significant effects of age, or of any of the control variables, were found on the FDM-I/D,
neither for deliberative decisions nor for intuitive decisions (Table 2).

The number of years of education significantly predicted the CDR performance (b = 0.17
[0.98, 0.25], p = < .001). However, age was found to be a significant additional predictor of the
performance on the CDR, explaining 15.1% of variance; a finding that is supported by both the
internal and external validation analyses (Table 2). Negative effects of age were also found on
the IGT. The total netscore of the IGT was significantly predicted by age, explaining 7.1% of
variance. Specifically, the second, fourth and fifth trial of the IGT were significantly predicted
by age (Table 2). No significant effects of age were found for the first and third trial of the IGT
and the control variables did not predict the performance on the IGT. The internal validation
analyses partly supported these results. However, the results could not be replicated in the
external validation analyses (Table 2).

Gender and gross annual year income were found to explain 27.2% of variance of scores on
the IBQ (b = -5.55 [-8.32, -2.78], p < .001 and b = 1.20 [0.15, 2.25], p = .026, respectively).
Women had lower IBQ scores, indicating a stronger impulsive buying tendency, than men.
However, age was also a significant predictor of the IBQ, explaining an additional 3.4% of vari-
ance. Further investigation of the three IBQ components indicates that the relation of age is
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particularly evident for the affective component. Again, gender explained a large proportion of
the variance (i.e. 25.7%; b = -3.27 [-4.70, -1.85], p < .001) of the IBQ affective component, but
age was an additional significant predictor of this component and explained 6.3% of the vari-
ance. Both the internal as well as external validation analyses support the effects of age on the
IBQ (Table 2). The cognitive and situational components of the IBQ were not significantly
influenced by age. Regarding the TDT, no relation was found with any of the control variables,
but 5.8% of the variance was explained by age (Table 2). The internal validation analyses sup-
port this finding, but these age effects lack external validity since these results could not be rep-
licated in sample 2 (Table 2).

Mediating effect of cognition

After controlling for gender (§ = -0.15, p = .018) and years of education (B = 0.15, p = .015),
standard measures of cognition explained additional and significant variance of the perfor-
mance on the CDR (AR? = .40, AF(17, 142) = 8.77, p < .001). Numeracy (Arithmetic) was the
strongest predictor of the performance on the CDR (f = 0.27, p < .001), followed by planning
(TOL) and working memory (Digit Span backward) (8 = 0.19, p =.003 and f = 0.16, p = .023,
respectively). The remaining twelve regression models focused on the effects of cognition on
each of the FDM tests did not reach statistical significance (.056 < p < .915).

For numeracy (WAIS-IV Arithmetic), planning (TOL) and working memory (WAIS-IV
Digit Span backward) the relation with age was investigated. Age was significantly negatively
related to planning (TOL; AR® = .14, f = -0.49, p < .001) and numeracy (WAIS-IV Arithmetic;
AR? = 05, B =-0.30, p =.002), whereas no significant relation was found between age and
working memory (WAIS-IV Digit Span backward) (§ = -0.15, p = .120).

A mediation analysis was therefore performed for the relation between age and the CDR
controlling for TOL and WAIS-IV Arithmetic. The results indicate that, after controlling for
these measures of cognition, the strength of the relation between age and the CDR decreases
but remains significant (§ = -0.30, p < .001 after controlling for TOL and WAIS-IV Arithmetic
compared to B = -0.50, p < .001 in the original analysis). According to the Sobel test, the
decrease in the association between age and CDR can be explained by a mediating effect of
both numeracy (WAIS-IV Arithmetic, p = .003) and planning (TOL, p = .012).

Related to these findings, only a few weak correlations between standard neuropsychologi-
cal measures and FDM tasks were found (S1 Table). Correlation analyses performed to deter-
mine the coherence between different FDM tests showed also only weak to negligible
correlations (S2 Table).

Discussion

The objective of this explorative study was to determine the effects of normal aging on differ-
ent aspects of FDM. Based on previously published procedures in the field of (medical) deci-
sion-making, a comprehensive test battery was developed reflecting eight aspects of FDM. It
was expected that some more cognitive demanding aspects of FDM were negatively influenced
by normal aging due to age-related cognitive decline [13,14,17,18], while other aspects
remained relatively stable or even improved due to an age-related increase of knowledge and
experience or an improved affective decision-making in older adults [15,28-30].

When looking at the different aspects of FDM, no effects of normal aging were found on
relatively basic aspects of FDM, i.e. financial competence and (financial) decision-making
capacity. These results suggest that the (mental) ability or capacity and knowledge to perform
actions that are needed to execute financial transactions on a relatively basic level are relatively
stable across the adult life span. Furthermore, no or only relatively weak associations were

PLOS ONE | https://doi.org/10.1371/journal.pone.0182620  August 9, 2017 10/18


https://doi.org/10.1371/journal.pone.0182620

@° PLOS | ONE

Financial decision-making and normal aging

found between financial competence, (financial) decision-making capacity and measures of
cognition, suggesting that financial competence and (financial) decision-making capacity are
not related to performances on measures of cognition. However, it is also possible that an age-
related improvement in affective processing and an increased knowledge and experience with
regard to these relatively basic aspects of FDM compensate for an age-related decline in cogni-
tion [31,32]. This hypothesis cannot be evaluated on the basis of the present data and therefore
needs further investigation. Interestingly, most studies that examined the capacity to make
decisions within a medical context, e.g., about different treatment options, among patients
with mental disorders [76,77], medical disorders [40,41] or elderly with and without cognitive
impairments [39,42], suggest that a poorer decision-making capacity is related to cognitive
dysfunctioning. None of the studies, however, examined the effects of normal aging on the
capacity to make decisions by using a life-span perspective. Furthermore, so far, only two stud-
ies focused on decision making capacity in a financial context and found that patients with
mild cognitive impairments or Alzheimer’s disease [78] and patients with intellectual disabili-
ties [38] have more difficulties with financial decision-making capacity compared to a healthy
comparison group. Also the FCAI, measuring financial competence, has been shown to be
able to distinguish individuals with cognitive impairments from individuals without cognitive
impairments [6]. These studies suggest that financial competence and (financial) decision-
making capacity are sensitive to more severe cognitive dysfunctions and, therefore, might be
impaired in patients with e.g. mild cognitive impairments or Alzheimer’s disease. In the pres-
ent study, however, no evidence for effects of normal aging on these relatively basic aspects of
FDM were found.

Also regarding the use of decision-making styles in FDM situations no significant effects of
normal aging were found. To our knowledge, the present study is the first study investigating
decision-making styles in the context of FDM. Previous research on more general decision-
making styles indicated that the use of intuitive and avoidant styles decrease with advancing
age [45]. The results of the present study, however, suggest that this does not apply to decisions
in a financial situation. Also no significant effects of age were found for deliberative and intui-
tive FDM. It was expected that older adults would become better in making intuitive decisions
since they rely more on the affective processes [15]. However, no evidence for this expectation
was found. Since a recently published meta-analysis including 61 studies concluded that there
is no evidence for previous suggestions that intuitive decisions in complex situations lead to
better decisions than deliberative decisions [79], intuitive and deliberative decision-making
were not directly compared in the present study.

With increasing age, the tendency to buy on impulse seems to decrease. Particularly the
affective component of impulsive buying behavior appears to be sensitive to the effects of nor-
mal aging. Both the internal and external validation analyses support these findings. The
results suggest that with advancing age individuals are less prone to feelings of temptation or
immediate satisfaction when buying something, which is consistent with improved affective
processes [15,28,29] and a better impulse control or emotion-regulation that accompanies
aging [80]. Related to the improved impulse control with advancing age, it was found in sam-
ple 1 that with advancing age individuals are less sensitive to immediate rewards (TD); these
results could, however, not be confirmed in sample 2. The results of previous studies on the
effect of aging on TD are also mixed, with some studies demonstrating an increased sensitivity
to TD with advancing age, while others show no effects of normal aging on TD (e.g. [48,81-
84]). It has been hypothesized that income might have an effect on TD [83] and mediate the
age effects. Also other financial resources, such as financial reserves, might be of influence on
the association between normal aging and TD.
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Inconsistent findings between sample 1 and 2 were also found for emotional decision-mak-
ing measured with the IGT. An age-related decline was found in sample 1 for emotional deci-
sion-making. This was particularly evident for the last parts (i.e. the last forty trials) of the task,
which are suggested to assess risky decision-making [57]. This age effect is in accordance with
previous research [85-87]. However, the internal validation analyses only partly supported
these findings and results could not be replicated by the external validation analysis, i.e. no age
effects on the IGT were found in sample 2. A possible explanation for these discrepant findings
might be that the two samples included in the present study differed with regard to number of
years of education. Indeed, several studies showed that performance on the IGT might be
affected by level of education [88,89].

Nevertheless, the present study did find strong evidence that the ability to apply rules dur-
ing a FDM situation (i.e. CDR) decreases with advancing age. This result indicates that when
(financial) decisions need to be made based on specific preferences or rules, older adults have
more difficulties with applying these preferences or rules than younger individuals. Both the
internal and external validation analyses support this finding. Previous research suggested that
this decline in FDM can be attributed to a decrease in deliberative processes and executive
functioning [13-15,21], in particular inhibition [90] and working memory [91]. Indeed, in the
current study 40% of variance of the performance on the CDR was explained by numeracy,
planning and working memory, indicating that the ability to apply rules is a complex and cog-
nitively demanding aspect of FDM. Furthermore, numeracy and planning appear to mediate
the effects of aging on the CDR, however, these cognitive functions cannot completely explain
the relation between age and this aspect of FDM. Furthermore, no evidence was found for a
compensation effect of affective decision-making or experience for the performance on the
CDR. Taken together, these results indicate that besides an age-related cognitive decline, also
other variables are related to age-related difficulties in (financial) decision-making based on
preferences and rules.

In summary, normal aging appears to have a differential effect on various aspects of FDM.
Regarding relatively basic aspects (i.e. financial competence, (financial) decision-making
capacity, financial decision styles and the quality of intuitive and deliberative decisions) no evi-
dence for effects of normal aging were found. On the other hand, an aspect of FDM that has
been associated with affective processes (i.e. impulsive buying tendency) seems to improve
with advancing age. Furthermore, a more complex aspect of FDM (i.e. the ability to apply
rules) appears to deteriorate with advancing age. Whether or not normal aging has an effect on
FDM with implications for the future and emotional decision-making remains inconclusive.
The possible influence of third variables (i.e. personal finances and level of education) needs
further investigation in order to provide more insight into the effects of normal aging on these
aspects of FDM.

When exploring the associations between performances on neuropsychological tests and
FDM tests only weak and non-significant associations were found (S1 Table). This indicates
that standard neuropsychological tests cannot be used to evaluate one’s ability to make finan-
cial decisions, which emphasize the importance of the development of reliable FDM mea-
surements. However, it must be noted that we might have failed to reveal existing effects
(beta-errors) due to a conservative method to control for alpha-error growth in multiple test-
ing (i.e. Bonferroni correction). Furthermore, the inclusion of a healthy sample without dis-
tinct cognitive dysfunctions may also account for the lack of coherence between cognition
and aspects of FDM due to small inter-individual differences or ceiling effects within the
sample. A sample of individuals with distinct cognitive impairment might show stronger
relations between aspects of FDM and measures of cognition. Finally, when exploring the
associations between the different FDM tests, it was found that all correlations were of a
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weak to negligible size (S2 Table). This shows that there is no or only little overlap between
the tests which supports the assumption of the existence of multiple independent aspects of
FDM.

A limitation of the current study is that the education level of our sample was slightly
higher than the average education level in The Netherlands. This problem of representative-
ness of samples is, unfortunately, a common problem that is difficult to counter in scientific
research with humans [92]. Second, the eight aspects of FDM might not reflect all FDM situ-
ations an individual may encounter in daily life. Furthermore, in spite of the theoretical clas-
sification of different FDM aspects and the weak correlations found between FDM tasks, it is
possible that in some cases certain tasks relate to similar constructs or aspects of FDM. A
third limitation of the present study is that the convergent validity could not be evaluated
since there are hardly any additional FDM tests available. In addition, the ecological validity
of the FDM tests was not examined so far by exploring the associations between the perfor-
mances on the FDM tests and real-life FDM problems. Fourth, it must be noted that the
effects of age on FDM might have been confounded by the fixed sequence of test administra-
tion and differences in the assessment procedure of sample 1 and 2 (S1 Procedure). However,
by using the same sequence of FDM tests in sample 1 and 2 and providing participants the
opportunity for as much breaks as needed the effects of the test administration order were
likely kept on a minimum. Finally, the role of financial experience and knowledge was not
taken into account sufficiently.

Nevertheless, by investigating multiple aspects of FDM, a better understanding of age-
related differences in FDM was obtained. Normal aging influences some aspects of FDM,
while other aspects appear to be unaffected by normal aging. Age-related decline in FDM,
which is possibly related to normal age-related changes in the prefrontal networks [11,12],
seems to be mediated by age-related changes in executive functions [13,14], particularly in
planning and numeracy. However, also working memory was found to be predictor of
FDM. Improved affective decision-making and an age-related increase of knowledge and
experience in older individuals [15,28-30] might result in stable or improved FDM with
advancing age. In future research the role of motivation during complex FDM situations,
such as applying decision rules, needs further investigation since an older age has been asso-
ciated with a lack of motivation for difficult or complex (decision-making) situations [93].
Furthermore, it would be interesting to further explore individual differences in FDM by
focusing on the effects of gender, financial resources and level of education, since it is gener-
ally known that demographic characteristics have an effect on neuropsychological test per-
formances [65,94,95] and might have a mediating or moderating influence on the effects of
age on FDM. In addition, studying FDM in patient groups, such as patients with neurode-
generative disorders, attention deficit hyperactivity disorder or traumatic brain injury, is of
utmost importance since it can be expected that these patients experience problems with
FDM in daily life due to more severe impairments in cognition (e.g. [9,24,78,96-98]) than
found in healthy (older) adults. Finally, it is relevant to relate the current FDM tests to
everyday situations and problems in FDM to determine the ecological validity of the differ-
ent FDM tests.

Supporting information

S1 Procedure. Sequence of tests in sample 1 (and 2).
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0182620  August 9, 2017 13/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0182620.s001
https://doi.org/10.1371/journal.pone.0182620

@° PLOS | ONE

Financial decision-making and normal aging

S1 Table. Correlations between FDM tests and standard neuropsychological measure-
ments (Pearson).
(DOCX)

S2 Table. Correlations between FDM tests (Pearson).
(DOCX)

Acknowledgments

We would like to thank the reviewers and the editor for their constructive feedback and sug-
gestions for improvement.

Author Contributions

Conceptualization: Dorien F. Bangma, Anselm B. M. Fuermaier, Lara Tucha, Oliver Tucha,
Janneke Koerts.

Formal analysis: Dorien F. Bangma, Anselm B. M. Fuermaier, Oliver Tucha, Janneke Koerts.
Investigation: Dorien F. Bangma, Janneke Koerts.

Methodology: Dorien F. Bangma, Anselm B. M. Fuermaier, Lara Tucha, Oliver Tucha, Jan-
neke Koerts.

Project administration: Dorien F. Bangma, Janneke Koerts.

Resources: Dorien F. Bangma, Anselm B. M. Fuermaier, Lara Tucha, Oliver Tucha, Janneke
Koerts.

Supervision: Oliver Tucha, Janneke Koerts.
Visualization: Dorien F. Bangma, Janneke Koerts.
Writing - original draft: Dorien F. Bangma, Janneke Koerts.

Writing - review & editing: Dorien F. Bangma, Anselm B. M. Fuermaier, Lara Tucha, Oliver
Tucha, Janneke Koerts.

References

1. Glimcher PW. Introduction to Neuroscience. In: Glimcher PW, Fehr E, editors. Neuroeconomics: Deci-
sion Making and the Brain. San Diego, CA, US: Elsevier Academic Press; 2014. pp. 63-76.

2. Kennerley SW, Walton ME. Decision making and reward in frontal cortex: Complementary evidence
from neurophysiological and neuropsychological studies. Behav Neurosci. 2011; 125: 297-317. https:/
doi.org/10.1037/a0023575 PMID: 21534649

3. Krawczyk DC. Contributions of the prefrontal cortex to the neural basis of human decision making. Neu-
rosci Biobehav Rev. 2002; 26: 631-664. PMID: 12479840

4. Loewenstein DA, Amigo E, Duara R, Guterman A, Hurwitz D, Berkowitz N, et al. A new scale for the
assessment of functional status in Alzheimer’s disease and related disorders. J Gerontol. 1989; 44:
114-121.

5. Marson DC, Sawrie SM, Snyder S, Mclnturff B, Stalvey T, Boothe A, et al. Assessing financial capacity
in patients with Alzheimer disease: A conceptual model and prototype instrument. Arch Neurol. 2000;
57:877-884. PMID: 10867786

6. Kershaw MM, Webber LS. Assessment of financial competence. Psychiatr Psychol Law. 2008; 15: 40—
55.

7. Triebel KL, Martin R, Griffith HR, Marceaux J, Okonkwo OC, Harrell L, et al. Declining financial capacity
in mild cognitive impairment: A 1-year longitudinal study. Neurology. 2009; 73: 928—-934. https://doi.org/
10.1212/WNL.0b013e3181b87971 PMID: 19770468

PLOS ONE | https://doi.org/10.1371/journal.pone.0182620  August 9, 2017 14/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0182620.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0182620.s003
https://doi.org/10.1037/a0023575
https://doi.org/10.1037/a0023575
http://www.ncbi.nlm.nih.gov/pubmed/21534649
http://www.ncbi.nlm.nih.gov/pubmed/12479840
http://www.ncbi.nlm.nih.gov/pubmed/10867786
https://doi.org/10.1212/WNL.0b013e3181b87971
https://doi.org/10.1212/WNL.0b013e3181b87971
http://www.ncbi.nlm.nih.gov/pubmed/19770468
https://doi.org/10.1371/journal.pone.0182620

@° PLOS | ONE

Financial decision-making and normal aging

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

Pereira FS, Yassuda MS, Oliveira AM, Diniz BS, Radanovic M, Talib LL, et al. Profiles of functional defi-
cits in mild cognitive impairment and dementia: Benefits from objective measurement. J Int Neuropsy-
chol Soc. 2010; 16: 297-305. https://doi.org/10.1017/S1355617709991330 PMID: 20175938

Martin RC, Triebel KL, Kennedy RE, Nicholas AP, Watts RL, Stover NP, et al. Impaired financial abilities
in Parkinson’s disease patients with mild cognitive impairment and dementia. Parkinsonism Relat Dis-
ord. 2013; 19: 986—990. https://doi.org/10.1016/j.parkreldis.2013.06.017 PMID: 23899743

Pirogovsky E, Schiehser DM, Obtera KM, Burke MM, Lessig SL, Song DD, et al. Instrumental activities
of daily living are impaired in Parkinson’s disease patients with mild cognitive impairment. Neuropsy-
chology. 2014; 28: 229-237. https://doi.org/10.1037/neu0000045 PMID: 24417192

Maillet D, Rajah MN. Association between prefrontal activity and volume change in prefrontal and
medial temporal lobes in aging and dementia: a review. Ageing Res Rev. 2013; 12: 479-489. https://
doi.org/10.1016/j.arr.2012.11.001 PMID: 23183352

Dennis NA, Cabeza R. Neuroimaging of Healthy Cognitive Aging. In: Craik FIM, Salthouse TA, Craik
FIM, Salthouse TA, editors. The handbook of aging and cognition. New York, NY, US: Psychology
Press; 2008. pp. 1-54.

Braver TS, West R. Working memory, executive control, and aging. In: Craik FIM, Salthouse TA, Craik
FIM, Salthouse TA, editors. The handbook of aging and cognition. New York, NY, US: Psychology
Press; 2008. pp. 311-372.

Denburg NL, Hedgcock WM. Age-associated executive dysfunction, the prefrontal cortex, and complex
decision making. In: Hess TM, Strough J, Léckenhoff CE, editors. Aging and Decision Making. San
Diego, CA, US: Elsevier Academic Press; 2015. pp. 79—-101.

Peters E, Hess TM, Vastfjall D, Auman C. Adult age differences in dual information processes: Implica-
tions for the role of affective and deliberative processes in older adults’ decision making. Perspect Psy-
chol Sci. 2007; 2: 1-23. https://doi.org/10.1111/j.1745-6916.2007.00025.x PMID: 26151915

Evans JSBT. Dual-processing accounts of reasoning, judgment, and social cognition. Annu Rev Psy-
chol. 2008; 59: 255-278. https://doi.org/10.1146/annurev.psych.59.103006.093629 PMID: 18154502

Salthouse TA. The processing-speed theory of adult age differences in cognition. Psychol Rev. 1996;
103: 403-428. PMID: 8759042

Salthouse TA, Meinz EJ. Aging, inhibition, working memory, and speed. J Gerontol B Psychol Sci Soc
Sci. 1995; 50: P297-P306. PMID: 7583809

Mather M. A Review of Decision-Making Processes: Weighing the Risks and Benefits of Aging. In: Car-
stensen LL, Hartel CR, Carstensen LL,(Ed), Hartel CR,(Ed), editors. Washington, DC, US: National
Academies Press; 2006. pp. 145-173.

Bruine de Bruin W, Parker AM, Fischhoff B. Individual differences in adult decision-making competence.
J Pers Soc Psychol. 2007; 92: 938-956. https://doi.org/10.1037/0022-3514.92.5.938 PMID: 17484614

Bruine de Bruin W, Parker AM, Fischhoff B. Explaining adult age differences in decision-making compe-
tence. J Behav Decis Making. 2012; 25: 352—-360.

Chen Y, Wang J, Kirk RM, Pethtel OL, Kiefner AE. Age differences in adaptive decision making: The
role of numeracy. Educ Gerontol. 2014; 40: 825-8383. https://doi.org/10.1080/03601277.2014.900263
PMID: 25544800

Reyna VF, Nelson WL, Han PK, Dieckmann NF. How numeracy influences risk comprehension and
medical decision making. Psychol Bull. 2009; 135: 943—-973. https://doi.org/10.1037/a0017327 PMID:
19883143

Sherod MG, Giriffith HR, Copeland J, Belue K, Krzywanski S, Zamrini EY, et al. Neurocognitive predic-
tors of financial capacity across the dementia spectrum: Normal aging, mild cognitive impairment, and
Alzheimer’s disease. J Int Neuropsychol Soc. 2009; 15: 258—267. https://doi.org/10.1017/
S$1355617709090365 PMID: 19203439

Wood RLI, McHugh L. Decision making after traumatic brain injury: A temporal discounting paradigm. J
Int Neuropsychol Soc. 2013; 19: 181-188. https://doi.org/10.1017/S135561771200118X PMID:
23298735

Loewenstein GF, Weber EU, Hsee CK, Welch N. Risk as feelings. Psychol Bull. 2001; 127: 267-286.
PMID: 11316014

Loewenstein G, O’'Donoghue T, Bhatia S. Modeling the interplay between affect and deliberation. Deci-
sion. 2015; 2: 55-81.

Mikels JA, Cheung E, Cone J, Gilovich T. The dark side of intuition: Aging and increases in nonoptimal
intuitive decisions. Emotion. 2013; 13: 189—-195. https://doi.org/10.1037/a0030441 PMID: 23163708

Li S, Lindenberger U, Hommel B, Aschersleben G, Prinz W, Baltes PB. Transformations in the Cou-
plings Among Intellectual Abilities and Constituent Cognitive Processes Across the Life Span. Psychol
Sci. 2004; 15: 155-163. https://doi.org/10.1111/j.0956-7976.2004.01503003.x PMID: 15016286

PLOS ONE | https://doi.org/10.1371/journal.pone.0182620  August 9, 2017 15/18


https://doi.org/10.1017/S1355617709991330
http://www.ncbi.nlm.nih.gov/pubmed/20175938
https://doi.org/10.1016/j.parkreldis.2013.06.017
http://www.ncbi.nlm.nih.gov/pubmed/23899743
https://doi.org/10.1037/neu0000045
http://www.ncbi.nlm.nih.gov/pubmed/24417192
https://doi.org/10.1016/j.arr.2012.11.001
https://doi.org/10.1016/j.arr.2012.11.001
http://www.ncbi.nlm.nih.gov/pubmed/23183352
https://doi.org/10.1111/j.1745-6916.2007.00025.x
http://www.ncbi.nlm.nih.gov/pubmed/26151915
https://doi.org/10.1146/annurev.psych.59.103006.093629
http://www.ncbi.nlm.nih.gov/pubmed/18154502
http://www.ncbi.nlm.nih.gov/pubmed/8759042
http://www.ncbi.nlm.nih.gov/pubmed/7583809
https://doi.org/10.1037/0022-3514.92.5.938
http://www.ncbi.nlm.nih.gov/pubmed/17484614
https://doi.org/10.1080/03601277.2014.900263
http://www.ncbi.nlm.nih.gov/pubmed/25544800
https://doi.org/10.1037/a0017327
http://www.ncbi.nlm.nih.gov/pubmed/19883143
https://doi.org/10.1017/S1355617709090365
https://doi.org/10.1017/S1355617709090365
http://www.ncbi.nlm.nih.gov/pubmed/19203439
https://doi.org/10.1017/S135561771200118X
http://www.ncbi.nlm.nih.gov/pubmed/23298735
http://www.ncbi.nlm.nih.gov/pubmed/11316014
https://doi.org/10.1037/a0030441
http://www.ncbi.nlm.nih.gov/pubmed/23163708
https://doi.org/10.1111/j.0956-7976.2004.01503003.x
http://www.ncbi.nlm.nih.gov/pubmed/15016286
https://doi.org/10.1371/journal.pone.0182620

@° PLOS | ONE

Financial decision-making and normal aging

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4,

42,

43.

44,

45.

46.

47.

48.

49.
50.
51.

52.

53.

54.

Hess TM. A prospect theory-based evaluation of dual-process influences on aging and decision mak-
ing: Support for a contextual perspective. In: Hess TM, Strough J, Léckenhoff CE, editors. Aging and
Decision Making. San Diego, CA, US: Elsevier Academic Press; 2015. pp. 189-212.

Meyer BJF, Russo C, Talbot A. Discourse comprehension and problem solving: Decisions about the
treatment of breast cancer by women across the life span. Psychol Aging. 1995; 10: 84-103. PMID:
7779321

Mather M, Knight M. Goal-directed memory: The role of cognitive control in older adults’ emotional
memory. Psychol Aging. 2005; 20: 554-570. https://doi.org/10.1037/0882-7974.20.4.554 PMID:
16420131

Roelofs J, van Breukelen G, de Graaf LE, Beck AT, Arntz A, Huibers MJH. Norms for the Beck Depres-
sion Inventory (BDI-Il) in a large Dutch community sample. J Psychopathol Behav Assess. 2013; 35:
93-98.

Folstein MF, Folstein SE, McHugh PR. Mini-mental state: A practical method for grading the cognitive
state of patients for the clinician. J Psychiatr Res. 1975; 12: 189-198. PMID: 1202204

Kershaw MM, Webber LS. Dimensions of Financial Competence. Psychiatr Psychol Law. 2004; 11:
338-349.

Webber LS, Reeve RA, Kershaw MM, Charlton JL. Assessing financial competence. Psychiatr Psychol
Law. 2002; 9: 248-256.

Appelbaum PS, Grisso T. Assessing patients’ capacities to consent to treatment. N Engl J Med. 1988;
319: 1635-1638. https://doi.org/10.1056/NEJM198812223192504 PMID: 3200278

Suto WM, Clare ICH, Holland AJ, Watson PC. Capacity to make financial decisions among people with
mild intellectual disabilities. J Intellect Disabil Res. 2005; 49: 199-209. https://doi.org/10.1111/j.1365-
2788.2005.00635.x PMID: 15713195

Kim SYH, Caine ED, Currier GW, Leibovici A, Ryan JM. Assessing the competence of persons with Alz-
heimer’s disease in providing informed consent for participation in research. Am J Psychiatry. 2001;
158: 712-717. https://doi.org/10.1176/appi.ajp.158.5.712 PMID: 11329391

Karlawish J, Cary M, Moelter S, T., Siderowf A, Sullo E, Xie S, et al. Cognitive impairment and PD
patients’ capacity to consent to research. Neurology. 2013; 81: 801-807. https://doi.org/10.1212/WNL.
0b013e3182a05ba5 PMID: 23892706

Martin RC, Okonkwo OC, Hill J, Griffith HR, Triebel K, Bartolucci A, et al. Medical decision-making
capacity in cognitively impaired Parkinson’s disease patients without dementia. Mov Disord. 2008; 23:
1867-1874. https://doi.org/10.1002/mds.22170 PMID: 18759361

Vellinga A, Smit JH, Van Leeuwen E, Van Tilburg W, Jonker C. Decision-making capacity of elderly
patients assessed through the vignette method: Imagination or reality? Aging Ment Health. 2005; 9: 40—
48. PMID: 15841831

Harren VA. A model of career decision making for college students. J Vocat Behav. 1979; 14: 119-133.

Scott SG, Bruce RA. Decision-making style: The development and assessment of a new measure.
Educ Psychol Meas. 1995; 55: 818-831.

Loo R. A psychometric evaluation of the General Decision-Making Style Inventory. Pers Individ Dif.
2000; 29: 895-905.

Spicer DP, Sadler-Smith E. An examination of the general decision making style questionnaire in two
UK samples. J Manage Psychol. 2005; 20: 137-149.

Parker AM, Fischhoff B. Decision-making Competence: External Validation through an Individual-differ-
ences Approach. J Behav Decis Making. 2005; 18: 1-27.

Green L, Fry AF, Myerson J. Discounting of delayed rewards: A life-span comparison. Psychol Sci.
1994; 5: 33-36.

Rook DW. The Buying Impulse. J Consum Res. 1987; 14: 189—199.
Beatty SE, Ferrell ME. Impulse Buying: Modeling its Precursors. J Retail. 1998; 74: 169—191.

Verplanken B, Herabadi A. Individual differences in impulse buying tendency: Feeling and no thinking.
Eur J Pers. 2001; 15: S71-S83.

Coley A, Burgess B. Gender differences in cognitive and affective impulse buying. JFMM. 2003; 7:
282—-295.

Bechara A, Damasio AR, Damasio H, Anderson SW. Insensitivity to future consequences following
damage to human prefrontal cortex. Cognition. 1994; 50: 7-15. PMID: 8039375

Grasman RPPP, Wagenmakers EJ. A DHTML implementation of the lowa Gambling Task.. 2005.
http://purl.oclc.org/NET/rgrasman/jscript/lowaGamblingTask.

PLOS ONE | https://doi.org/10.1371/journal.pone.0182620  August 9, 2017 16/18


http://www.ncbi.nlm.nih.gov/pubmed/7779321
https://doi.org/10.1037/0882-7974.20.4.554
http://www.ncbi.nlm.nih.gov/pubmed/16420131
http://www.ncbi.nlm.nih.gov/pubmed/1202204
https://doi.org/10.1056/NEJM198812223192504
http://www.ncbi.nlm.nih.gov/pubmed/3200278
https://doi.org/10.1111/j.1365-2788.2005.00635.x
https://doi.org/10.1111/j.1365-2788.2005.00635.x
http://www.ncbi.nlm.nih.gov/pubmed/15713195
https://doi.org/10.1176/appi.ajp.158.5.712
http://www.ncbi.nlm.nih.gov/pubmed/11329391
https://doi.org/10.1212/WNL.0b013e3182a05ba5
https://doi.org/10.1212/WNL.0b013e3182a05ba5
http://www.ncbi.nlm.nih.gov/pubmed/23892706
https://doi.org/10.1002/mds.22170
http://www.ncbi.nlm.nih.gov/pubmed/18759361
http://www.ncbi.nlm.nih.gov/pubmed/15841831
http://www.ncbi.nlm.nih.gov/pubmed/8039375
http://purl.oclc.org/NET/rgrasman/jscript/IowaGamblingTask
https://doi.org/10.1371/journal.pone.0182620

@° PLOS | ONE

Financial decision-making and normal aging

55.

56.

57.

58.

59.

60.

61.
62.

63.

64.

65.

66.

67.
68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Buelow MT, Suhr JA. Construct validity of the lowa Gambling Task. Neuropsychol Rev. 2009; 19: 102—
114. https://doi.org/10.1007/s11065-009-9083-4 PMID: 19194801

Bechara A, Damasio H, Tranel D, Damasio AR. Deciding advantageously before knowing the advanta-
geous strategy. Science. 1997; 275: 1293—-1295. PMID: 9036851

Brand M, Labudda K, Markowitsch HJ. Neuropsychological correlates of decision-making in ambiguous
and risky situations. Neural Netw. 2006; 19: 1266—1276. https://doi.org/10.1016/j.neunet.2006.03.001
PMID: 16942857

Dijksterhuis A, Bos MW, Nordgren LF, van Baaren RB. On Making the Right Choice: The Deliberation-
Without-Attention Effect. Science. 2006; 311: 1005—1007. https://doi.org/10.1126/science.1121629
PMID: 16484496

Mikels JA, Maglio SJ, Reed AE, Kaplowitz LJ. Should | go with my gut? Investigating the benefits of
emotion-focused decision making. Emotion. 2011; 11: 743-753. https://doi.org/10.1037/a0023986
PMID: 21639628

Dijksterhuis A. Think Different: The Merits of Unconscious Thought in Preference Development and
Decision Making. J Pers Soc Psychol. 2004; 87: 586—-598. https://doi.org/10.1037/0022-3514.87.5.586
PMID: 15535773

Wechsler D. Wechsler Adult Intelligence Scale— Fourth Edition. San Antonio, TX: Pearson; 2008.

Wechsler D. WAIS-IV-NL: Wechler Adult Intelligence Scale— Fourth Edition—Nederlandstalige
bewerking: Technische handleiding en Afname en scoringshandleiding. Amsterdam: Pearson Assess-
ment and Information B.V.; 2012.

Van d D, Van Boxtel Martin P. J., Van Breukelen Gerard J. P., Jolles J. Rey’s verbal learning test: Nor-
mative data for 1855 healthy participants aged 24—81 years and the influence of age, sex, education,
and mode of presentation. J Int Neuropsychol Soc. 2005; 11: 290-302. https://doi.org/10.1017/
S$1355617705050344 PMID: 15892905

Reitan RM. Validity of the Trail Making Test as an indicator of organic brain damage. Percept Mot Skills.
1958; 8: 271-276.

Van der Elst W, Van Boxtel MPJ, Van Breukelen GJP, Jolles J. The Stroop Color-Word Test: Influence
of Age, Sex, and Education; and Normative Data for a Large Sample Across the Adult Age Range.
Assessment. 2006; 13: 62—79. https://doi.org/10.1177/1073191105283427 PMID: 16443719

Brickenkamp R, Zillmer E. The d2 test of attention. First edition ed. Seattle WA: Hogrefe & Huber Pub-
lishers; 1998.

Brickenkamp R. D2 Aandachts- en concentratietest. Amsterdam: Hogrefe Uitgevers B.V.; 2007.

Bouma A, Mulder J, Altena E, Schmand B. Verbale Fluency: Categoriefluency en Letterfluency. In:
Bouma A, Mulder J, Lindeboom J, Schmand B, editors. Handboek neuropsychologische diagnostiek.
Amsterdam: Pearson Assessment and Information B.V.; 2012. pp. 717.

Luteijn F, Barelds DPH. GIT-2. Groninger Intelligentie Test 2. Amsterdam: Harcourt Assessment B.V.;
2004.

Schmand B, Groenink SC, van d D. Letterfluency: Psychometrische eigenschappen en Nederlandse
normen. = Letterfluency: Psychometric properties and Dutch normative data. Tijdschr Gerontol Geriatr.
2008; 39: 64-76.

Cohen J, Cohen P, West SG, Aiken LS. Applied multiple regression/correlation analysis for the behav-
ioral sciences., 3rd ed. Mahwah, NJ, US: Lawrence Erlbaum Associates Publishers; 2003.

Steyerberg EW, Harrell FE Jr., Borsboom GJ, Eijkemans MJ, Vergouwe Y, Habbema JD. Internal vali-
dation of predictive models: efficiency of some procedures for logistic regression analysis. J Clin Epide-
miol. 2001; 54: 774-781. PMID: 11470385

Steyerberg EW, Bleeker SE, Moll HA, Grobbee DE, Moons KGM. Internal and external validation of pre-
dictive models: a simulation study of bias and precision in small samples. J Clin Epidemiol. 2003; 56:
441-447. PMID: 12812818

Bleeker SE, Moll HA, Steyerberg EW, Donders ART, Derksen-Lubsen G, Grobbee DE, et al. External
validation is necessary in prediction research: a clinical example. J Clin Epidemiol. 2003; 56: 826—832.
PMID: 14505766

Baron RM, Kenny DA. The moderator-mediator variable distinction in social psychological research:
conceptual, strategic, and statistical considerations. J Pers Soc Psychol. 1986; 51: 1173—-1182. PMID:
3806354

Hindmarch T, Hotopf M, Owen GS. Depression and decision-making capacity for treatment or research:
A systematic review. BMC Med Ethics. 2013; 14.

Grisso T, Appelbaum PS. The MacArthur Treatment Competence Study. |1I: Abilities of patients to con-
sent to psychiatric and medical treatments. Law Hum Behav. 1995; 19: 149-174. PMID: 11660292

PLOS ONE | https://doi.org/10.1371/journal.pone.0182620  August 9, 2017 17/18


https://doi.org/10.1007/s11065-009-9083-4
http://www.ncbi.nlm.nih.gov/pubmed/19194801
http://www.ncbi.nlm.nih.gov/pubmed/9036851
https://doi.org/10.1016/j.neunet.2006.03.001
http://www.ncbi.nlm.nih.gov/pubmed/16942857
https://doi.org/10.1126/science.1121629
http://www.ncbi.nlm.nih.gov/pubmed/16484496
https://doi.org/10.1037/a0023986
http://www.ncbi.nlm.nih.gov/pubmed/21639628
https://doi.org/10.1037/0022-3514.87.5.586
http://www.ncbi.nlm.nih.gov/pubmed/15535773
https://doi.org/10.1017/S1355617705050344
https://doi.org/10.1017/S1355617705050344
http://www.ncbi.nlm.nih.gov/pubmed/15892905
https://doi.org/10.1177/1073191105283427
http://www.ncbi.nlm.nih.gov/pubmed/16443719
http://www.ncbi.nlm.nih.gov/pubmed/11470385
http://www.ncbi.nlm.nih.gov/pubmed/12812818
http://www.ncbi.nlm.nih.gov/pubmed/14505766
http://www.ncbi.nlm.nih.gov/pubmed/3806354
http://www.ncbi.nlm.nih.gov/pubmed/11660292
https://doi.org/10.1371/journal.pone.0182620

@° PLOS | ONE

Financial decision-making and normal aging

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92,

93.

94.

95.

96.

97.

98.

Lui VWC, Lam LCW, Chau RCM, Fung AWT, Wong BML, Leung GTY, et al. Structured assessment of
mental capacity to make financial decisions in Chinese older persons with mild cognitive impairment
and mild Alzheimer disease. J Geriatr Psychiatry Neurol. 2013; 26: 69—77. https://doi.org/10.1177/
0891988713481268 PMID: 23504307

Nieuwenstein MR, Wierenga T, Morey RD, Wicherts JM, Blom TN, Wagenmakers E, et al. On making
the right choice: A meta-analysis and large-scale replication attempt of the unconscious thought advan-
tage. Judgm Decis Mak. 2015; 10: 1-17.

Orgeta V. Specificity of age differences in emotion regulation. Aging Ment Health. 2009; 13: 818-826.
https://doi.org/10.1080/13607860902989661 PMID: 19888702

Read D, Read NL. Time discounting over the lifespan. Organ Behav Hum Decis Process. 2004; 94: 22—
32.

Whelan R, McHugh LA. Temporal discounting of hypothetical monetary rewards by adolescents, adults,
and older adults. Psychol Rec. 2009; 59: 247-258.

Green L, Myerson J, Lichtman D, Rosen S, Fry A. Temporal discounting in choice between delayed
rewards: The role of age and income. Psychol Aging. 1996; 11: 79-84. PMID: 8726373

Léckenhoff CE, O’'Donoghue T, Dunning D. Age differences in temporal discounting: The role of dispo-
sitional affect and anticipated emotions. Psychol Aging. 2011; 26: 274—284. https://doi.org/10.1037/
20023280 PMID: 21534688

Fein G, McGillivray S, Finn P. Older adults make less advantageous decisions than younger adults:
Cognitive and psychological correlates. J Int Neuropsychol Soc. 2007; 13: 480—-489. https://doi.org/10.
1017/S135561770707052X PMID: 17445297

Beitz KM, Salthouse TA, Davis HP. Performance on the lowa Gambling Task: From 5 to 89 years of
age. J Exp Psychol: Gen. 2014; 143: 1677-1689.

Denburg NL, Tranel D, Bechara A. The ability to decide advantageously declines prematurely in some
normal older persons. Neuropsychologia. 2005; 43: 1099—1106. https://doi.org/10.1016/j.
neuropsychologia.2004.09.012 PMID: 15769495

Davis C, Fox J, Patte K, Curtis C, Strimas R, Reid C, et al. Education level moderates learning on two
versions of the lowa Gambling Task. J Int Neuropsychol Soc. 2008; 14: 1063—1068. https://doi.org/10.
1017/S1355617708081204 PMID: 18954486

Fry J, Greenop K, Turnbull O, Bowman C. The effect of education and gender on emotion-based deci-
sion-making. S Afr J Psychol. 2009; 39: 122—-132.

Del Missier F, Mantyla T, Bruine de Bruin W. Executive functions in decision making: An individual dif-
ferences approach. Think Reason. 2010; 16: 69-97.

Del Missier F, Mantyla T, Hansson P, Bruine de Bruin W, Parker AM, Nilsson L. The multifold relation-
ship between memory and decision making: An individual-differences study. J Exp Psychol Learn Mem
Cogn. 2013; 39: 1344—1364. https://doi.org/10.1037/a0032379 PMID: 23565790

Henrich J, Heine SJ, Norenzayan A. The weirdest people in the world? Behav Brain Sci. 2010; 33: 61—
83. https://doi.org/10.1017/S0140525X0999152X PMID: 20550733

Bruine de Bruin W, McNair SJ, Taylor AL, Summers B, Strough J. 'Thinking about numbers is not my
idea of fun’: Need for cognition mediates age differences in numeracy performance. Med Decis Making.
2015; 35: 22—-26. hitps://doi.org/10.1177/0272989X 14542485 PMID: 25035261

Van der Elst W, Van Boxtel MPJ, Van Breukelen GJP, Jolles J. The Concept Shifting Test: Adult norma-
tive data. Psychol Assess. 2006; 18: 424—432. https://doi.org/10.1037/1040-3590.18.4.424 PMID:
17154763

Van der Elst W, Van Boxtel MPJ, Van Breukelen GJP, Jolles J. The Letter Digit Substitution Test: Nor-
mative Data for 1,858 Healthy Participants Aged 24-81 from the Maastricht Aging Study (MAAS): Influ-
ence of Age, Education, and Sex. J Clin Exp Neuropsychol. 2006; 28: 998—1009. https://doi.org/10.
1080/13803390591004428 PMID: 16822738

Earnst KS, Wadley VG, Aldridge TM, Boothe Steenwyk A, Hammond AE, Harrell LE, et al. Loss of
financial capacity in Alzheimer’s disease: The role of working memory. Neuropsychol Dev Cogn. 2001;
8: 109-119.

Barkley RA, Murphy KR, Fischer M. ADHD in adults: What the science says. New York, NY, US: Guil-
ford Press; 2008.

Dreer LE, DeVivo MJ, Novack TA, Marson DC. Financial capacity following traumatic brain injury: A six-
month longitudinal study. Rehabil Psychol. 2012; 57: 5-12. https://doi.org/10.1037/a0025818 PMID:
22369113

PLOS ONE | https://doi.org/10.1371/journal.pone.0182620  August 9, 2017 18/18


https://doi.org/10.1177/0891988713481268
https://doi.org/10.1177/0891988713481268
http://www.ncbi.nlm.nih.gov/pubmed/23504307
https://doi.org/10.1080/13607860902989661
http://www.ncbi.nlm.nih.gov/pubmed/19888702
http://www.ncbi.nlm.nih.gov/pubmed/8726373
https://doi.org/10.1037/a0023280
https://doi.org/10.1037/a0023280
http://www.ncbi.nlm.nih.gov/pubmed/21534688
https://doi.org/10.1017/S135561770707052X
https://doi.org/10.1017/S135561770707052X
http://www.ncbi.nlm.nih.gov/pubmed/17445297
https://doi.org/10.1016/j.neuropsychologia.2004.09.012
https://doi.org/10.1016/j.neuropsychologia.2004.09.012
http://www.ncbi.nlm.nih.gov/pubmed/15769495
https://doi.org/10.1017/S1355617708081204
https://doi.org/10.1017/S1355617708081204
http://www.ncbi.nlm.nih.gov/pubmed/18954486
https://doi.org/10.1037/a0032379
http://www.ncbi.nlm.nih.gov/pubmed/23565790
https://doi.org/10.1017/S0140525X0999152X
http://www.ncbi.nlm.nih.gov/pubmed/20550733
https://doi.org/10.1177/0272989X14542485
http://www.ncbi.nlm.nih.gov/pubmed/25035261
https://doi.org/10.1037/1040-3590.18.4.424
http://www.ncbi.nlm.nih.gov/pubmed/17154763
https://doi.org/10.1080/13803390591004428
https://doi.org/10.1080/13803390591004428
http://www.ncbi.nlm.nih.gov/pubmed/16822738
https://doi.org/10.1037/a0025818
http://www.ncbi.nlm.nih.gov/pubmed/22369113
https://doi.org/10.1371/journal.pone.0182620

