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Abstract

The increasing complexity of the modern financial landscape presents significant challenges

for individuals’ financial well-being. In this study, we aim to investigate the relationship

between cognitive ability and financial well-being by utilizing data from the British Cohort

Study, which follows a sample of 13,000 individuals from birth in 1970 to the present day.

Our objective is to examine the functional form of this relationship while controlling for fac-

tors such as childhood socio-economic status and adult income. Previous research has

established a correlation between cognitive ability and financial well-being, but has implicitly

assumed a linear relationship. Our analyses indicate that the majority of the relationships

between cognitive ability and financial variables are monotonic. However, we also observe

non-monotonic relationships, particularly for credit usage, suggesting a curvilinear relation-

ship where both lower and higher levels of cognitive ability are associated with lower levels

of debt. These findings have important implications for understanding the role of cognitive

ability in financial well-being and for financial education and policy, as the complexity of the

modern financial landscape poses significant challenges for individuals’ financial well-being.

As financial complexity is increasing and cognitive ability is a key predictor of knowledge

acquisition, misspecifying the true relationship between cognitive ability and financial out-

comes leads to an undervaluation of the role of cognitive ability for financial well-being.

Introduction

The financial behaviors and outcomes of consumers exhibit significant variation. While some

individuals are able to accumulate wealth and achieve financial success [1], others struggle and

become financially vulnerable [2]. The increasing complexity of the financial landscape

requires consumers to have a deep understanding of financial information in order to make

decisions that promote their financial well-being [3]. As financial complexity continues to

increase, cognitive ability emerges as a key individual difference factor in understanding the

heterogeneity of financial decision-making among consumers.

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0285199 June 7, 2023 1 / 34

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Gladstone J, Barrett JAM (2023)

Understanding the functional form of the

relationship between childhood cognitive ability

and adult financial well-being. PLoS ONE 18(6):

e0285199. https://doi.org/10.1371/journal.

pone.0285199

Editor: Mark Fenton-O’Creevy, The Open

University, UNITED KINGDOM

Received: January 19, 2023

Accepted: April 18, 2023

Published: June 7, 2023

Copyright: © 2023 Gladstone, Barrett. This is an

open access article distributed under the terms of

the Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: The British Cohort

Study (BCS70) datasets and documentation are

available through the UK Data Service. For our

analyses, we combine three datasets from the GN

33229 series. Specifically, we use the following

datasets: SN8547 (Sweep at age 46), SN7473

(Sweep at age 42) and SN3723 (Sweep at age 10).

UK Data Service: beta.ukdataservice.ac.uk/

datacatalogue/series/series?id=200001 Users

should register on the UK Data Service website and

are subject to a user agreement. Commercial use

of the data requires approval from the data owner.

https://orcid.org/0000-0002-8783-3923
https://orcid.org/0000-0002-8153-6143
https://doi.org/10.1371/journal.pone.0285199
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0285199&domain=pdf&date_stamp=2023-06-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0285199&domain=pdf&date_stamp=2023-06-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0285199&domain=pdf&date_stamp=2023-06-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0285199&domain=pdf&date_stamp=2023-06-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0285199&domain=pdf&date_stamp=2023-06-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0285199&domain=pdf&date_stamp=2023-06-07
https://doi.org/10.1371/journal.pone.0285199
https://doi.org/10.1371/journal.pone.0285199
http://creativecommons.org/licenses/by/4.0/
https://beta.ukdataservice.ac.uk/datacatalogue/series/series?id=200001
https://beta.ukdataservice.ac.uk/datacatalogue/series/series?id=200001


Cognitive ability, broadly defined as “the ability to reason, plan, solve problems, think

abstractly, comprehend complex ideas, learn quickly and learn from experience” [4], is a

strong predictor of knowledge acquisition [5], which is crucial for making informed decisions

in an increasingly complex financial system [3, 6]. Previous research has generally found posi-

tive associations between cognitive ability and financial well-being [e.g., 7–9]. However, most

research on the relationship between cognitive ability and financial well-being has assumed a

linear relationship without testing alternative functional forms. Yet, there are no a priori rea-

sons why linear relationships should be expected over non-linear ones, which represent a

much larger set of all possible relationships. This assumption of linearity may result in biased

point estimates and incorrect conclusions if the true relationship is non-linear. For example,

one study [9] found no significant association between cognitive ability and wealth and argued

that individuals with low cognitive ability can achieve financial success and that higher cogni-

tive ability is not necessarily an advantage. However, it is also possible that the association

between cognitive ability and wealth is present but non-linear. Without testing the functional

form of the relationship, previous research may have underestimated the importance of cogni-

tive ability in shaping financial well-being. This has important implications for interventions

aimed at improving cognitive ability in childhood, which have the potential to improve finan-

cial literacy, knowledge and financial outcomes [10, 11]. Therefore, it is crucial to examine the

functional form of the relationship between cognitive ability and financial well-being to accu-

rately capture the role of cognitive ability in shaping financial outcomes.

In addition to the theoretical implications, understanding the functional form of the rela-

tionship between cognitive ability and financial well-being has practical benefits for policy-

makers. Individuals with different levels of cognitive ability may have distinct strengths and

challenges in achieving financial well-being. Current regulations, such as requiring banks to

calculate and send appropriate credit card repayments alongside bills, aid consumers in mak-

ing informed financial decisions [12]. However, if the relationship between cognitive ability

and credit card debt is characterized by diminishing returns, targeted interventions aimed at

reducing problematic debt for those with the lowest levels of cognitive ability would be more

effective than interventions that apply to all consumers. Understanding the functional form of

the relationship can help identify vulnerable groups and inform targeted policy interventions,

with the goal of improving financial well-being of all individuals.

In this article, we investigate the prospective effects of childhood cognitive ability on adult

financial well-being. Specifically, we examine the effects of cognitive ability on debt, wealth,

and subjective financial well-being. These financial outcomes represent the accumulation of

consumer financial decisions over time, capturing whether consumers overspend (through

credit) or sacrifice today by saving money for the future and how these decisions translate into

a subjective sense of financial well-being or distress. We use a unique longitudinal dataset, the

British Cohort Study, in which cognitive ability is measured at age 10 and adult financial vari-

ables are measured over 35 years. Measuring cognitive ability in childhood allows for an accu-

rate representation of cognitive ability, as it is relatively stable over the life course [13, 14]. By

measuring cognitive ability in childhood, we are able to control for childhood and parental

economic relationships, which enables us to study the relationship between childhood cogni-

tive ability and adult financial well-being with greater precision. The main objective of this

study is to determine the functional form of the relationship between cognitive ability and

financial well-being. This information can help us to improve our understanding of how cog-

nitive ability influences financial outcomes and can inform targeted interventions to improve

financial well-being. One important exception is a study [9] that documents a non-linear rela-

tionship between cognitive ability and three specific negative financial behaviors (i.e., being

late paying bills, maxing out a credit card, and going bankrupt). Specifically, across all three
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outcomes, he finds a pattern where negative financial behaviors peak for those closer to aver-

age levels of cognitive ability and are more positive for those with both higher and lower levels

of cognitive ability. However, our study expands on this research by examining different finan-

cial outcomes and following the same group of individuals over their lifetimes, allowing us to

use measures of cognitive ability from childhood and reduce the possibility of reverse

causality.

Our second contribution is to test whether the effect of cognitive ability on adult financial

outcomes is solely driven by differences in income. Given the positive relationship between

cognitive ability and income [see 15, for a meta-analysis], any effect of cognitive ability on

adult financial outcomes may simply reflect differences in income, as income is known to play

an important role in increasing financial well-being [16]. Thus, we assess whether there is an

effect of cognitive ability beyond income to gain a more accurate estimate of its unique effect

on financial outcomes. Controlling for income allows us to isolate the direct relationship

between cognitive ability and financial outcomes, and our results indicate that cognitive ability

is indeed associated with financial well-being. This approach allows us to disentangle whether

higher levels of cognitive ability are beneficial for financial well-being or whether there is no

advantage of higher cognitive ability beyond its effect on income.

Cognitive ability and financial decision-making

The positive association between cognitive ability and financial decision-making is well-estab-

lished by past research. Studies have shown that higher cognitive ability is positively associated

with financial outcomes, such as greater wealth [17–21], stock market participation [22, 23],

and financial planning [24]. Conversely, lower cognitive ability is associated with adverse

financial behavior and outcomes, such as making more financial mistakes [6], having less

financial knowledge [17], being less likely to participate in market recovery [25], and being

more likely to default on mortgages [26].

Research on the relationship between cognitive ability and debt accumulation is more lim-

ited and inconclusive, with mixed findings. For example, a recent laboratory experiment

found that individuals with lower cognitive ability were less averse to debt [27], and a neurosci-

entific study [28] found that individuals with impaired executive functioning acquired more

credit card debt. In contrast, another study found that for elderly individuals in the United

States, those with high cognitive ability were more likely to hold debt [3], possibly due to the

complexity of credit products. Debt is a complex phenomenon that can have both positive and

negative outcomes. Debt can be used to smooth consumption and to make financial (e.g.

mortgages) and human capital (e.g. student loans) investments [29]. At the same time, exces-

sive debt can lead to stress and financial instability [30]. Therefore, as debt does not necessarily

reflect an absence of financial well-being, in our study, we focus on forms of debt that indicate

suboptimal financial decision-making and exclude mortgage debt and credit card debt that is

paid off monthly.

There are two main reasons why cognitive ability may lead to more positive financial deci-

sion-making. First, cognitive ability aids the knowledge acquisition and skills needed to make

informed financial choices. People with higher cognitive ability are better at accessing and pro-

cessing financial information, as they have a lower cost of acquiring such information [8, 25,

31]. Additionally, cognitive ability is positively associated with financial literacy, as it helps

individuals understand basic financial concepts and make informed financial decisions [11,

25]. Grasping basic financial concepts, such as the effect of compounded interest on the value

of one‘s savings, is indispensable in understanding the importance of starting to save early for

distant goals such as retirement. Similarly, knowledge about the costs of credit is invaluable in
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deciding whether to save for unexpected expenditures, such as those related to the breakdown

of home appliances, or to take up credit to cover such costs. While financial literacy is essential

for sound decision-making, many households lack an understanding of basic financial con-

cepts [32]. This lack of financial literacy poses a challenge, as financial literacy has been identi-

fied as a key variable to explain variation in a household’s tendency to accumulate wealth [33].

Although it is challenging to disentangle the effects of cognitive ability and financial literacy in

adulthood, cognitive ability is typically thought to precede financial literacy [10, 34–36]. As the

knowledge required for good financial decision-making changes over time, general cognitive

ability allows individuals to learn relevant financial skills when needed [36], and there is a

large body that demonstrates the relevance of financial literacy for sound decision-making

[e.g., 37, 38]. Second, the preferences of individuals with higher cognitive ability align more

closely with sound financial behavior. For example, a meta-analysis [39] found that higher cog-

nitive ability is associated with less delay-discounting. On average, individuals with higher cog-

nitive ability are more patient [e.g., 40], which can enable them to pursue education [21],

succeed in employment [41] and thus accumulate wealth. Furthermore, cognitive ability is

associated with avoidance of negative risks, such as substance abuse, and approaching positive

risks, such as stock market participation [42]. However, while the evidence suggests that cogni-

tive ability is associated with skills and preferences that precede positive financial outcomes,

this does not imply that increased cognitive ability monotonically increases financial well-

being.

The functional form of the relationship between cognitive ability and

positive financial decision-making

The nature of the relationship between cognitive ability and financial well-being is currently

unclear. We describe five possible types of relationships that may characterize the association

between cognitive ability and measures of financial well-being (Fig 1).

Linear. Most previous literature on cognitive ability and financial well-being has modelled

a positive linear relationship (Fig 1, panel 1), in which cognitive abilities are associated with

more positive financial decision-making at all levels of cognitive ability [e.g., 18]. This assump-

tion is partially based on findings in related domains, such as a meta-analysis [43], which

found that non-linear relationships were only observed in 5–6% of studies on the relationship

between cognitive ability and job performance. Similarly, another study [44] found that a lin-

ear relationship best fits the relationship between cognitive ability and a variety of performance

measures. It is therefore reasonable to expect a linear relationship between cognitive ability

and financial well-being, as increases in cognitive abilities and related skills and preferences

could consistently improve a person’s financial decisions.

Exponential gains. The relationship between cognitive ability and financial well-being

may be characterized by exponential gains (Fig 1, Panel 2). This means that a small increase in

cognitive ability leads to a small increase in positive financial outcomes, but a large increase in

cognitive ability results in disproportionately more positive financial outcomes. For example,

individuals in the 90th percentile of cognitive ability outperform others on tasks beyond what

would be expected from a linear relationship [45]. Similarly, individuals in the 99th percentile

of cognitive ability are more likely to achieve exceptional outcomes, such as securing patents

[46]. Given that cognitive ability is associated with an increased willingness to take risks and

greater patience [47], the compounding effects of interest from investments and savings may

result in disparities in financial outcomes between those with high versus low cognitive ability,

indicating an exponential relationship.
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Diminishing returns. The relationship between cognitive ability and financial well-being

could also exhibit diminishing returns, where the benefits of increased cognitive ability decline

or even cease entirely after a certain point (Fig 1, Panel 3). This hypothesis aligns with Spear-

man’s law of diminishing returns, which argues that past a specific level of cognitive ability,

differences in cognitive ability become less predictive of performance [48–50]. Additionally,

some researchers have contended that the benefits of cognitive ability reach a plateau at

around an IQ score of 120 (i.e., those at the 90.9th percentile or greater) in terms of socially

valuable characteristics, such as creativity and academic achievement [51, 52]. In the context

of financial decision-making, a minimum level of cognitive ability may be necessary to under-

stand and process complex financial information, but other (non-cognitive) factors may

become more predictive of financial well-being after this initial threshold is met.

Curvilinear. Finally, the relationship between cognitive ability and financial well-being

may be best described as curvilinear, reflecting either a U-shaped (Fig 1, Panel 4) or inverted

U-shaped relationship (Fig 1, Panel 5). The occurrence of negative behaviors, such as delin-

quency, peaks at average levels of cognitive ability and decreases for both individuals with high

and low cognitive ability [53]. This trend can be attributed to the availability of opportunities

for individuals to engage in such behaviors. In the financial context, individuals with low cog-

nitive ability may have limited access to financial products, leading to fewer opportunities for

suboptimal financial decisions, such as taking out high-interest loans. Conversely, those with

high cognitive ability may have sufficient income to avoid the need for credit, as their incomes

cover their expenses comfortably and thus have fewer opportunities to engage in negative

financial behavior. Additionally, an inverse U-shaped pattern may be present in stock-market

behavior, where individuals with low cognitive ability may miss out on higher returns due to

lack of participation [22, 23], while high cognitive ability may lead to overconfidence and

over-trading [54], resulting in adverse effects on returns.

Fig 1. Possible functional forms of the relationship between cognitive ability and financial well-being.

https://doi.org/10.1371/journal.pone.0285199.g001
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In our study, we maintain an open-minded and exploratory approach toward analyzing the

data. We acknowledge the possibility of both linear and non-linear relationships between cog-

nitive ability, financial resources and financial outcomes. Linear relationships imply that

changes in cognitive ability or financial resources are proportional to changes in financial out-

comes, while non-linear relationships suggest that these variables have a more complex effect

on financial outcomes. Our aim is to avoid making assumptions and, instead, objectively

examine the data to determine the nature of the relationships that exist. A comprehensive

understanding of these relationships can inform future research and policy decisions.

Method

Dataset

The study utilizes data from the 1970 British Cohort Study (BCS70), which follows the lives of

individuals born in England, Scotland, and Wales in a single week of 1970. The BCS70 has col-

lected a wide range of information on cognitive ability and economic circumstances through-

out the cohort members’ lives. The British Cohort Study (BCS70) datasets and documentation

are available through the UK Data Service (beta.ukdataservice.ac.uk/datacatalogue/series/

series?id = 200001). For our analyses, we combine three datasets from the GN 33229 series.

The data and analysis code used in the study can be accessed at https://doi.org/10.17605/OSF.

IO/8F6UV.

Cognitive ability. The British Cohort Study collected cognitive ability data by administer-

ing eight tests to participants at age 10 [55]. These tests included the Shortened Edinburgh

Reading Test [56], the Friendly Maths Test [55], the Pictorial Language Comprehension Test

[55], the Spelling Dictation task [55], and four subscales of the British Ability Scales: Word

Definitions, Word Similarities, Recall of Digits and Matrices [57]. A total of 12,885 participants

completed at least one of the assessments, and 11,134 completed all eight [55]. Factor analysis

was used to identify a general cognitive ability factor, which was used as a measure of cognitive

ability in this study [55, 58–60]. This factor, known as "g," accounted for 56% of the variance in

initial eigenvalues, and all tests loaded positively on the component. The cognitive ability

scores were standardized and followed a normal distribution, as shown in Fig 2.

Participants

Our study utilizes data from the 2016 wave of the British Cohort Study and includes partici-

pants who have complete measures for cognitive ability and financial outcomes. A total of

5858 cohort members (48.33% of whom are male) were included in the sample. Table 1 pres-

ents an overview of the sample characteristics, and Table 2 shows the correlations between the

measures used in the study. We chose to use data from the 2016 wave of the BCS because it is

the most recent available. However, we also conducted additional analyses using data from the

2012 wave of the BCS to ensure the robustness of our findings (Web Appendix A in S1 File).

Measures of financial well-being

Household debt usage. To assess financial well-being, we employed a variety of measures.

Debt usage was measured in three ways: total debt, debt-to-income ratio, and revolving credit

card usage. In the British Cohort Study, respondents were asked to indicate the types of debt

they or their partner had. This measure included a variety of debt sources, such as credit card

debt, personal loans and catalogue or mail order purchases. Respondents were asked to

exclude mortgage debt and credit cards and bills that would be paid off fully in the current

month. Respondents were then asked to report their total amount of debt. The total debt

PLOS ONE Cognitive ability and financial well-being

PLOS ONE | https://doi.org/10.1371/journal.pone.0285199 June 7, 2023 6 / 34

https://doi.org/10.17605/OSF.IO/8F6UV
https://doi.org/10.17605/OSF.IO/8F6UV
https://doi.org/10.1371/journal.pone.0285199


measure was collected on a continuous scale, and outliers were removed by winsorizing the

measure at the 1st and 99th percentiles. The average household debt of respondents in our

sample at age 46 was £5342.62 (SD = 9185.90).

We also created a debt-to-income ratio by dividing the amount of debt by household

income. A high debt-to-income ratio indicates that individuals may face difficulties in paying

off their debts and making regular loan payments. In our sample, the average debt-to-income

ratio was 0.26 (SD = 0.83), meaning that for every £1 of annual income, the individual owes 26

pence in debt.

Furthermore, we developed a binary variable to reflect whether respondents had revolving

credit card debt, which refers to credit card debt that will not be paid off in full by the end of

the month. The British Cohort Study elicits credit card debt and store card debt as separate cat-

egories, but as store cards are a specific type of credit card (i.e., a credit card that can only be

used to make purchases at a specific store or chain of stores), we merge these into a single cate-

gory for analyses. Revolving credit card debt is considered problematic, as it may lead to over-

spending and subsequent over-indebtedness or bankruptcy [29]. Our results showed that

39.6% of respondents in our sample had credit card or store card debt at age 46.

Household savings and investments. In addition to the debt usage measures, we also

assessed participants’ level of savings. Using multiple measures of savings provides a more

Fig 2. Histogram of cognitive ability scores at age 10.

https://doi.org/10.1371/journal.pone.0285199.g002
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comprehensive understanding of an individual’s financial situation. Therefore, savings and

investments were measured in four ways: total household savings, asset-to-income ratio,

retirement plan membership, and investment account ownership. Total savings were mea-

sured continuously by self-report and the average level of savings among our sample was

£36,926.63 (SD = 100,044.10). We winsorized this variable at the 1st and 99th percentile in our

analyses to remove outliers.

Table 1. Descriptive statistics of financial well-being measures, as well as childhood and adult covariates.

Variable M (SD) / % p25 Median p75
Cognitive ability 0.19 (0.95) -0.04 0.25 0.87

Financial well-being measures
Total Debt £5342.62 (9185.90) £0.00 £900.00 £7000

Debt-to-income Ratio 0.26 (0.83) 0.00 0.03 0.20

Presence of Credit or Store Card Debt 39.60% - - -

Savings £36,926.63 (100,044.10) £500.00 £6000.00 £28,000.00

Asset-to-income Ratio 6.85 (157.76) 0.02 0.19 0.75

Pension Plan Membership 76.75% - - -

Investment Account 29.11% - - -

Subjective Financial Well-being (Financial distress) 1.93 (0.92) 1.00 2.00 2.00

Childhood Covariates
Mother’s Age Left Education 16.06 (1.95) 15.00 16.00 16.00

Father’s Age Left Education 15.74 (2.10) 15.00 15.00 16.00

Family Income at Age 10 4.10 (1.22) 3.00 4.00 5.00

Adult Covariates
Household Income £42,311.41 (37,054.78) £19,200.00 £36,000.00 £54,000.00

Household Size 3.20 (1.29) 2.00 3.00 4.00

Married 62.84% - - -

Note. Financial variables were measured when participants were aged 46, except for pension plan membership, which was measured at age 42.

https://doi.org/10.1371/journal.pone.0285199.t001

Table 2. Correlation table of financial well-being measures as well as childhood and adult covariates.

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1. CA -

2. Debt .07*** -

3. Debt-to-income Ratio .01 .45*** -

4. CC or SC Debt .05*** .31*** .18*** —

5. Savings .13*** .01 -.04** -.11*** -

6. Asset-to-income Ratio .08*** -.02* .16*** -.08*** .48*** -

7. Pension Membership .23*** .05*** .00 .06*** .07*** .05*** -

8. Investment Account .22*** .00 -.04** -.05*** .30*** .17*** .21*** -

9. Financial Distress -.15*** .08*** .12*** .13*** -.23*** -.12*** -.20*** -.27*** -

10. Mother’s Education .19*** .04** .02 -.02 .08*** .06*** .06* .10*** -.03* -

11. Father’s Education .25*** .03** .03* -.01 .10*** .10*** .08*** .12*** -.06*** .49*** -

12. Family Income Age 10 .26*** .04*** .00 .03* .12*** .07*** .14*** .15*** -.11*** .22*** .28*** -

13. HH Income .21*** .13*** -.19*** -.01 .38*** -.07*** .16*** .28*** -.33*** .09*** .12*** .19*** -

14. HH Size .05*** .09*** -.01 .06*** .06*** -.02 .06*** .09*** -.06*** .06*** .06*** .06*** .19*** -

15. Married .19*** .09*** -.02 .06*** .08*** .01 .18*** .16*** -.20*** .05*** .06*** .10*** .25*** .43***
https://doi.org/10.1371/journal.pone.0285199.t002
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To examine the relationship between a household’s wealth and income, we calculated the

asset-to-income ratio by dividing total savings by annual household income. The average ratio

of total savings to annual income was 6.85 (SD = 157.76), indicating that the total savings of a

household were, on average, almost seven times greater than the annual income of the

household.

To measure participants’ retirement plan membership, they were asked about their partici-

pation in various types of pension plans. If they indicated that they were a member of any of

these plans, their response was coded as 1. Conversely, if they indicated that they were not a

member, their response was coded as 0. We found that 76.75% of the participants in the sam-

ple were members of a pension plan.

Additionally, participants indicated whether they held a popular type of tax-free investment

account called a Stocks and Shares ISA. They could also indicate they had a Personal Equity

Plan (PEPs), which was a similar type of scheme replaced in 1999 by ISAs. 29.11% of partici-

pants indicated that they held one of these accounts.

Subjective financial well-being. Subjective financial well-being was measured at age 46

by the question: “How well [respondent] is managing financially” on the following scale:

1 = Living comfortably, 2 = Doing all right, 3 = Just about getting by, 4 = Finding it quite diffi-

cult, 5 = Finding it very difficult (M = 1.93, SD = 0.92). Higher scores indicate greater levels of

financial stress. We standardize this measure for the analyses.

Childhood covariates

Mother’s and father’s education. At birth, the age that the mother and father were when

they left education was recorded. (Mmother = 16.06, SDmother = 1.95; Mfather = 15.74, SDfather =

2.10).

Family income at age 10. In 1980, when participants were aged 10, the survey recorded

their family income completed by the parents. These were recorded as weekly amounts in 7

categories: less than £35; £35 –£49; £50 –£99; £100 - £149; £150 - £199; £200 - £249; £250 or

more. Respondents who indicated that they did not know the amount or who did not answer

the question were set to the average.

Adult covariates

Income. The average household income of participants at age 46 was £19,992.59

(SD = 33,578.82). The income measure was collected on a continuous scale, and outliers were

removed by winsorizing the measure at the 1st and 99th percentiles. We present the results in

units of £1000 to ease interpretation.

Household size. Household size was measured at age 46 (M = 3.20, SD = 1.29).

Marital status. Marital status was recorded at age 46. Those who indicated that they were

legally married or in a civil partnership were coded as 1. Those with other forms of relationship

status (single, legally separated, divorced, widowed, etc.) were coded as 0. Of the sample, 62.8%

reported being married or in a civil partnership.

Analyses

Our main interest is to investigate whether childhood cognitive ability affects later financial

outcomes and to understand the shape of this relationship. To appropriately characterize the

relationship between childhood cognitive ability and adult financial well-being (e.g., as linear

or curvilinear), we employed polynomial models using a backward elimination procedure. We

entered cognitive ability as a cubic term, as well as a quadratic and linear term, in all models,

and then deleted the highest-order term one at a time until the highest-order remaining term
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had a significant t-statistic. It is recommended to keep the degree of a polynomial as low as

possible and to avoid using high-order polynomials unless they can be justified for reasons

outside the data [61]. As interpreting polynomial terms is complex, we plot the predicted value

of financial outcomes across cognitive ability in Figs 3–8, to provide a visualization of the rela-

tionship including 95% confidence intervals. These figures depict the shape of this relationship

without the inclusion of covariates.

We also aimed to determine whether the effect of childhood cognitive ability on adult

financial outcomes was solely driven by income. As income is positively correlated with cogni-

tive ability [15], differences in income may account for any association between cognitive abil-

ity and financial well-being. Given the crucial role of income in enhancing financial well-being

[16], we run an additional regression model to assess the unique effect of cognitive ability

beyond income. This approach allows for a more accurate estimation of the independent effect

of cognitive ability on financial outcomes.

Our selection of covariates was based on prior research indicating their association with

financial well-being, as well as their potential confounding effect on the relationship between

cognitive ability and financial well-being. Specifically, we included childhood socio-economic

status variables in our models–family income at age 10, father’s education, and mother’s edu-

cation–based on research showing that the impact of cognitive ability on financial outcomes

Fig 3. Total debt across levels of cognitive ability.

https://doi.org/10.1371/journal.pone.0285199.g003
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may be biased upward without controlling for parental circumstances [23]. We included adult

covariates–gender, marital status, and household size–because these have been consistently

associated with financial well-being [16, 62–65]. By including these covariates, we aim to

reduce potential confounding effects and improve the precision and accuracy of our estimates

of the relationship between cognitive ability and financial well-being.

We chose not to control for adult education or employment in our analyses because these

variables may be considered intermediate variables or part of the causal mechanism that links

cognitive ability with financial outcomes later in life. That is, education and employment may

be viewed as the mechanisms through which cognitive ability affects financial outcomes. By

controlling for these variables, we may be inadvertently removing the effect of cognitive ability

on financial outcomes. Our primary aim was to assess the direct effect of cognitive ability on

financial outcomes by excluding variables that may act as mediators in the causal pathway. We

also do not control for age, as the cohort study includes participants born in the same week of

the year 1970, and therefore all participants were the same age at each time point.

We split the results into three groups: debt usage, savings and wealth and subjective percep-

tions of finances.

Fig 4. Debt-to-income ratio across levels of cognitive ability.

https://doi.org/10.1371/journal.pone.0285199.g004
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Results

Debt usage

To investigate the relationship between cognitive ability and debt, we use the total amount of

debt participants held at age 46, their total debt as a ratio of household income, and whether

they held revolving debt on a credit card.

Total debt. We present our first set of analyses in Table 3. We find that the relationship

between cognitive ability and debt follows a cubic polynomial form, with the cubic term Cog-

nitive Ability3 significantly predicting total debt in Model 1 and 2 (Model 1—without controls,

b3 = -123.22, se = 52.83, t(6,147) = -2.33, p = .020, Model 2 –with adult controls, b3 = -130.36,

se = 52.49, t(6,144) = -2.48, p = .013). After controlling for childhood covariates and income,

we no longer find a significant cubic term (b3 = -113.06, se = 68.74, t(4,357) = -1.64, p = .100)

but we do find that the squared term of cognitive ability predicts total debt (Model 4 –all con-

trols, b2 = -529.94, se = 121.09, t(4,357) = -4.38, p< .001).

We plot the model predicted levels of debt across cognitive ability in Fig 3 to assess the

shape of this relationship. The figure shows a non-linear pattern: an inverted U-shape. At

lower levels and higher levels of cognitive ability, people hold lower amounts of debt. However,

Fig 5. Proportion of those who hold credit or store card debt across levels of cognitive ability.

https://doi.org/10.1371/journal.pone.0285199.g005
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a significant quadratic or cubic term in our regression is necessary, but not sufficient evidence

for an inverted U-shaped relationship [66, 67]. We follow the advocated approach [67] to test

for the presence of a U-shaped relationship by running two separate linear regressions on the

data, one for low values of cognitive ability and one for high values, and verifying that one

slope is positive and the other negative. The highest level of debt is held by those with a cogni-

tive ability score 0.8 SDs above the mean (£5,866.21 in debt). We split the data at this point

and run separate linear regression models on these two samples. The effect of cognitive ability

on debt is positive and significant for those with cognitive ability levels below.8 (b = 1061.21,

se = 175.37, t(4,463)) = 6.05, p< .001) and the effect is negative and significant for those with

cognitive ability levels above 0.8 (b = -1321.56, se = 651.45, t(1,684)) = -2.03, p = .043). This

supports our proposition of an inverted U-shaped relationship.

Debt-to-income ratio. Next, we test the relationship between cognitive ability and a

household’s debt-to-income ratio and present these results in Table 4. As the dependent vari-

able includes a measure of income, we do not run our fourth model, which includes income as

a covariate. Initial analyses demonstrate that the cubic term Cognitive Ability3 does not predict

the debt-to-income ratio (b3 = -00.00, se = 0.00, t(5,689) = -0.12, p = .903). However, we find

that the quadratic term of cognitive ability significantly predicts the debt-to-income ratio, and

Fig 6. Total savings across levels of cognitive ability.

https://doi.org/10.1371/journal.pone.0285199.g006
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this result is consistent with our findings for total debt (Model 1 –without controls, Model 1 –

without controls, b2 = -0.02, se = 0.01, t(5,690) = -2.10, p = .036, Model 3 –childhood and adult

controls, b2 = -0.03, se = 0.01, t(4,326) = -2.37, p = .018). Although the relationship between

cognitive ability and debt-to-income ratio follows an inverse U-shape, it is difficult to deter-

mine the exact functional form due to the large confidence intervals at the extreme levels of

cognitive ability (Fig 4).

Using the advocated approach [67] to test for the presence of a U-shaped relationship sup-

ports the notion that the evidence for an inverse U-shape relationship is inconclusive. We find

that the highest debt-to-income ratio is found at a cognitive ability score of 0.4 SDs above the

mean. We conduct separate linear regression models on the data split at this point and find

that the effect of cognitive ability on the debt-to-income ratio is positive but not significant for

those with cognitive ability levels below 0.4 (b = 0.04, se = 0.02, t(3,180)) = 1.77, p = .078), and

the negative effect of cognitive ability on the debt-to-income ratio for those with cognitive abil-

ity levels above 0.4 is also not significant (b = -0.05, se = 0.04, t(2,510)) = -1.28, p = .199).

Credit card debt. We next investigated the relationship between cognitive ability and

whether participants held revolving credit card or store card debt. As the outcome is binary,

we use logistic regression models and present these analyses in Table 5. We first tested the

Fig 7. Asset-to-income across levels of cognitive ability.

https://doi.org/10.1371/journal.pone.0285199.g007
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cubic term for cognitive ability and found that, while close, the coefficient did not reach the

5% threshold of statistical significance (b3 = -0.03, se = 0.01, z = -1.95, p = .051). Therefore, we

tested the squared term in the reported models. We find that in each model specification, the

relationship between cognitive ability and debt follows a quadratic polynomial form, with the

squared term Cognitive Ability2 significantly predicting the outcome in these models (Model 1

–without controls, b2 = -0.14, se = 0.02, z = -5.85, p< .001; Model 4 –all controls, b2 = -0.15,

se = 0.03, z = -4.98, p< .001).

We plot the probability of holding credit or store card debt across cognitive ability in Fig 5

to assess the shape of this relationship. We see a similar U-shaped pattern as we found for total

debt. Participants were less likely to hold revolving credit card debt when they were either low

or high in cognitive ability, and more likely at more average levels of cognitive ability. Specifi-

cally, the model estimates that someone with a cognitive ability score of 2 SDs below the mean

would have a 23.8% probability of holding credit or store card debt, while the average person

(0 SD score) has a 41.1% probability and someone high in cognitive ability (+ 2 SD) a 34.2%

probability.

The highest level of predicted credit card debt is for those with cognitive ability scores of

0.5, which is again similar to the 0.8 level found for total debt. Repeating the advocated

Fig 8. Probability of pension membership across levels of cognitive ability.

https://doi.org/10.1371/journal.pone.0285199.g008
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approach to test for U-shaped relationships [67] again provides evidence in favour of an

inverted U-shaped relationship (< 0.5, b = .08, se = 0.01, t(3,861)) = 6.80, p< .001; => 0.5, b
= -0.07, se = 0.02, t(2,463)) = -3.01, p = .003).

Savings and wealth results

Total savings. We tested whether cognitive ability significantly predicts the amount of

savings participants accumulated at age 46 and present these analyses in Table 6. We first

tested the cubic term for cognitive ability, which was NS (b3 = 337.12, se = 639.74, t(5,337) = -

0.53, p = .598). Therefore, we tested the squared term in the reported models. We find that in

the first two model specifications, the relationship between cognitive ability and savings fol-

lows a quadratic polynomial form, with the squared term Cognitive Ability2 significantly pre-

dicting savings in these models (e.g., Model 1—without controls, b2 = 3557.47, se = 1085.31, t
(5,338) = 3.28, p = .001). However, after controlling for childhood socioeconomic status and

adult income, the squared term was no longer statistically significant (e.g., Model 4—all con-

trols, b2 = 2,301.53, se = 1,307.24, t(3,884) = 1.76, p = .078).

Table 3. OLS regression model for the relationship between cognitive ability and debt usage.

VARIABLES (1) (2) (3) (4)

Total debt (Age 46) Total debt (Age 46) Total debt (Age 46) Total debt (Age 46)

Cognitive ability 960.41*** 876.23*** 796.87*** 634.30**
(188.58) (188.00) (232.37) (243.70)

Cognitive ability2 -436.13*** -462.59*** -501.05*** -529.94***
(96.53) (96.04) (115.45) (121.09)

Cognitive ability3 -123.22* -130.36* -117.60 -113.06

(52.83) (52.50) (66.35) (68.74)

Female -1,113.53*** -1,310.46*** -1,196.78***
(229.52) (268.54) (280.91)

Married 990.79*** 1,242.92*** 986.51**
(262.12) (305.79) (325.45)

Household size 471.99*** 412.92*** 355.45**
(98.34) (115.60) (121.30)

Father’s education 1.10 4.59

(74.48) (79.37)

Mother’s education 165.07* 176.72*
(77.90) (82.09)

Family income at age 10 -1.90 -105.06

(119.20) (125.67)

Household income (Per £1000) 23.96***
(3.90)

Constant 5,440.09*** 3,933.04*** 1,581.89 1,252.70

(145.03) (340.35) (1,284.55) (1,360.71)

Observations 6,151 6,151 4,666 4,368

R2 .008 .021 .024 .032

Standard errors in parentheses

*** p < .001,

** p < .01,

* p < .05

https://doi.org/10.1371/journal.pone.0285199.t003
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The results without covariates are visualized in Fig 6. We find that the relationship between

cognitive ability and savings displays a trend of exponential growth, indicating that greater lev-

els of cognitive ability are associated with even greater accumulation of savings. However, this

non-linear effect is no longer significant after controlling for income.

Asset-to-income ratio. We next assess the functional form of the relationship between

cognitive ability and a household’s asset-to-income ratio as an additional indicator of wealth

accumulation. We find that the cubic term of cognitive ability does not significantly predict

the asset-to-income ratio (b3 = 0.03, se = 0.04, t(5,059) = 0.84, p = .399). We therefore tested

the squared term in the reported models (Table 7). Following our approach used for the debt-

to-income ratio, we do not report a model that controls for household income, as this variable

is a component of the dependent variable. Consistent with the findings for total savings, we

find that the relationship between cognitive ability and the asset-to-income ratio follows a qua-

dratic polynomial form (Fig 7), with the squared term Cognitive Ability2 significantly predict-

ing the asset-to-income ratio in the first two models (e.g., Model 1—without controls, b2 =

0.16, se = 0.07, t(5,060) = 2.35, p = .019). However, the squared term is no longer significant at

the 5% level when controlling for adult covariates and childhood socioeconomic status (Model

Table 4. OLS regression model for relationship between cognitive ability and debt-to-income ratio.

VARIABLES (1) (2) (3)

Debt-to-income ratio (Age

46)

Debt-to-income ratio (Age

46)

Debt-to-income ratio (Age

46)

Cognitive ability 0.01 0.01 0.01

(0.01) (0.01) (0.02)

Cognitive ability2 -0.02* -0.02* -0.03*
(0.01) (0.01) (0.01)

Cognitive ability3 - - -

Female -0.02 -0.02

(0.02) (0.03)

Married -0.03 -0.02

(0.03) (0.03)

Household size 0.00 -0.00

(0.01) (0.01)

Father’s education 0.02*
(0.01)

Mother’s education -0.00

(0.01)

Family income at age 10 -0.01

(0.01)

Household income (Per

£1000)

Constant 0.28*** 0.31*** 0.13

(0.01) (0.03) (0.12)

Observations 5,693 5,693 4,335

R-squared .001 .001 .003

Standard errors in parentheses

*** p<0.001,

** p<0.01,

* p<0.05

https://doi.org/10.1371/journal.pone.0285199.t004
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3 –adult and childhood controls, b2 = 0.16, se = 0.09, t(3,860) = 1.92, p = .055). The findings

suggest that the quadratic term of cognitive ability may have a curvilinear relationship with the

asset-to-income ratio, but the effect is dependent on other factors.

Pension scheme membership. Next, we assess to what extent cognitive ability predicts

whether an individual is a member of a pension scheme. Data on pension scheme membership

were only gathered in the 2012 wave of the British Cohort Study, so the results reported indi-

cate pension scheme membership at age 42. We present these analyses in Table 8.

We find that for the first three model specifications, the relationship between cognitive abil-

ity and pension scheme membership follows a cubic polynomial form, with the cubic term

Cognitive Ability3 significantly predicting total debt in these models (e.g., Model 1 –without

controls, b3 = -0.04, se = 0.01, z = -2.83, p = .005). However, the cubic term of cognitive ability

is no longer significant once we control for childhood socioeconomic status and household

income (Model 4 –all controls, b3 = -0.03, se = 0.02, z = -1.52, p = .128). We do still find a sig-

nificant positive association between cognitive ability and pension scheme membership,

beyond the effect of income.

The results are visualized in Fig 8. We find that the relationship between cognitive ability

and membership of a pension scheme is characterized by a strong positive relationship (above

~ -2 SD), followed by diminishing returns, where the effect levels off at high levels of cognitive

ability. However, this non-linear effect is no longer significant after controlling for income.

Holds investment account. The relationship between cognitive ability and holding an

investment account shows a similar pattern as that between cognitive ability and being a

Table 5. Logistic regression model for the relationship between cognitive ability on having credit or store card debt.

VARIABLES (1) (2) (3) (4)

Credit debt (Age 46) Credit debt (Age 46) Credit debt (Age 46) Credit debt (Age 46)

Cognitive ability 0.13*** 0.11*** 0.11** 0.12**
(0.03) (0.03) (0.04) (0.04)

Cognitive ability2 -0.14*** -0.14*** -0.16*** -0.15***
(0.02) (0.02) (0.03) (0.03)

Cognitive ability3 - - - -

Female 0.03 -0.01 -0.01

(0.05) (0.06) (0.06)

Married 0.20** 0.23** 0.26***
(0.06) (0.07) (0.07)

Household size 0.07** 0.08** 0.09***
(0.02) (0.03) (0.03)

Father’s education -0.03 -0.03

(0.02) (0.02)

Mother’s education 0.00 0.00

(0.02) (0.02)

Family income at age 10 0.01 0.01

(0.03) (0.04)

Household income (Per £1000) -0.00

(0.00)

Constant -0.36*** -0.71*** -0.39 -0.37

(0.03) (0.08) (0.29) (0.31)

Observations 6,328 6,328 4,796 4,450

Pseudo R2 .006 .011 .011 .013

https://doi.org/10.1371/journal.pone.0285199.t005
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member of a pension scheme (Table 9). Whereas we find initial evidence of a non-linear rela-

tionship between cognitive ability and holding an investment account (Model 1—without con-

trols, b3 = -0.03, se = 0.01, z = -2.06, p = .039), the cubic term of cognitive ability is no longer

significant when controlling for income (Model 4 –all controls, b3 = -0.03, se = 0.02, z = -1.42,

p = .155). However, we do find that individuals with greater cognitive ability remain more

likely to hold an investment account (Model 4 –all controls, b = 0.42, se = 0.06, z = 6.48, p<
.001).

The results are visualized in Fig 9. We find that the relationship between cognitive ability

and holding an investment account is characterized by a strong positive relationship (above ~

-1 SD), followed by diminishing returns at the highest levels of cognitive ability (above ~ 1.5

SD). However, this non-linear effect is no longer significant after controlling for childhood

SES or income.

Subjective financial well-being

Next, we describe the results for individual’s subjective assessments of their financial well-

being. We do not find evidence of non-linear relationships between cognitive ability and

Table 6. OLS regression models for the relationship between cognitive ability and total savings.

VARIABLES (1) (2) (3) (4)

Total savings (Age 46) Total savings (Age 46) Total savings (Age 46) Total savings (Age 46)

Cognitive ability 13,506.97*** 12,875.73*** 11,307.20*** 6,232.01***
(1,454.71) (1,457.22) (1,842.84) (1,798.54)

Cognitive ability2 3,557.47** 3,326.91** 3,179.35* 2,301.53

(1,085.31) (1,084.35) (1,353.84) (1,307.24)

Cognitive ability3 - - - -

Female -9,988.11*** -10,294.01** -5,684.56

(2,719.51) (3,199.59) (3,087.37)

Married 11,265.08*** 9,702.48** -942.61

(3,130.32) (3,670.22) (3,589.15)

Household size 946.80 361.68 -2,767.80*
(1,174.68) (1,391.18) (1,349.08)

Father’s education 838.34 430.49

(877.63) (857.02)

Mother’s education 1,204.84 1,439.29

(901.08) (878.49)

Family income at age 10 6,436.41*** 2,719.27*
(1,426.19) (1,384.21)

Household income (Per £1000) 879.71***
(42.66)

Constant 30,289.40*** 25,550.43*** -28,681.21 -32,924.53*
(1,709.25) (4,049.99) (15,135.49) (14,748.31)

Observations 5,341 5,341 4,072 3,894

R2 .018 .025 .034 .128

Standard errors in parentheses

*** p < .001,

** p < .01,

* p < .05

https://doi.org/10.1371/journal.pone.0285199.t006
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financial distress (Table 10, Fig 10). However, we do find that those higher in cognitive ability

tend to worry less about money than those lower in cognitive ability–even after controlling for

income. In Model 4, each additional SD unit increase in cognitive ability is associated with a

-0.06 SD reduction in financial stress (b = -0.06, se = .02, t(4,441) = -4.05, p< .001).

General discussion

This study aimed to examine the shape of the relationship between childhood cognitive ability

and various indicators of financial well-being later in life. In contrast to previous studies, we

explicitly tested the functional form of these relationships and found that it varies across differ-

ent indicators of financial well-being. Most notably, we found an inverse U-shaped relation-

ship between cognitive ability and debt, with those who are both low and high in cognitive

ability having the lowest total debt and probability of holding revolving credit card debts, and

those with average levels of cognitive ability having the highest debt. We also found an expo-

nential relationship with the amount of money participants saved, but this effect is no longer

significant when we control for the effect of income. The non-linear relationship between

Table 7. OLS regression models for the relationship between cognitive ability and the asset-to-income ratio.

VARIABLES (1) (2) (3)

Asset-to-income ratio

(Age 46)

Asset-to-income ratio

(Age 46)

Asset-to-income ratio

(Age 46)

Cognitive ability 0.52*** 0.53*** 0.50***
-0.09 (0.091) (0.12)

Cognitive ability2 0.16* 0.15* 0.16

-0.07 (0.067) (0.09)

Cognitive ability3 - - -

Female -0.40* -0.44*
(0.17) (0.20)

Married 0.05 0.08

(0.20) (0.23)

Household size -0.14 -0.25**
(0.07) (0.09)

Father’s education 0.11

(0.06)

Mother’s education 0.03

(0.06)

Family income at age 10 0.16

(0.09)

Household income (Per

£1000)

Constant 1.30*** 1.93*** -0.57

-0.11 (0.25) (0.97)

Observations 5,063 5,063 3,869

R2 .008 .010 .017

Standard errors in parentheses

*** p < .001,

** p < .01,

* p < .05

https://doi.org/10.1371/journal.pone.0285199.t007
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cognitive ability and the indicators of wealth was mostly seen at the extreme ends of the cogni-

tive ability distribution, whereas a linear trend was seen for most people. Similarly, despite our

efforts to test for potential non-linearities, the data revealed that a linear trend provides the

most accurate description of the relationship between cognitive ability and financial stress.

The inverse U-shaped relationship between cognitive ability and debt accumulation that we

report may reconcile seemingly inconsistent prior findings on the association between cogni-

tive ability and debt. On the one hand, there is evidence that individuals with higher cognitive

ability are more debt-averse [27], while on the other, research has found that those with high

cognitive ability are more likely to hold debt [3]. By moving beyond the assumption that the

association between cognitive ability and debt is linear, these seemingly contradictory findings

can be better understood. While cognitive ability may be associated with greater debt aversion,

individuals with low cognitive ability may lack access to credit [68]. This would result in lim-

ited debt accumulation by those with low cognitive ability, even if they would prefer greater

credit access. Whereas we may have expected those with higher cognitive ability to be more

likely to hold debt as they more easily navigate and understand complex financial products [3],

Table 8. OLS logistic regression models for the relationship between cognitive ability and pension scheme ownership.

VARIABLES (1) (2) (3) (4)

Has pension scheme (Age 42) Has pension scheme (Age 42) Has pension scheme (Age 42) Has pension scheme (Age 42)

Cognitive ability 0.69*** 0.65*** 0.52*** 0.36***
(0.05) (0.05) (0.06) (0.06)

Cognitive ability2 -0.01 -0.02 -0.00 -0.00

(0.03) (0.03) (0.03) (0.04)

Cognitive ability3 -0.04** -0.04** -0.02 -0.01

(0.01) (0.01) (0.02) (0.02)

Female -0.35*** -0.34*** -0.16*
(0.06) (0.07) (0.07)

Married 0.62*** 0.58*** 0.28***
(0.06) (0.08) (0.08)

Household size -0.07** -0.07** -0.06*
(0.02) (0.03) (0.03)

Father’s education 0.05 0.05

(0.02) (0.02)

Mother’s education 0.00 -0.01

(0.02) (0.03)

Family income at age 10 0.18*** 0.14***
(0.03) (0.03)

Household income (Per £1000) 0.04***
(0.00)

Constant 1.20*** 1.26*** -0.09 -0.55

(0.04) (0.09) (0.41) (0.43)

Observations 7,145 7,145 5,363 5,363

Pseudo R2 .052 .069 .069 .144

Standard errors in parentheses

*** p <. 001,

** p <. 01,

* p < .05

https://doi.org/10.1371/journal.pone.0285199.t008
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it may instead be the case that at the highest levels of cognitive ability, debt accumulation is

lower because individuals have less desire to take out credit.

Our findings on the relationship between cognitive ability and debt accumulation differ

from previous research, which has reported that individuals with lower cognitive ability are

more likely to hold credit card debt [28]. This discrepancy may be explained by the fact that

we measure general cognitive ability, while the other study [28] uses a measure of executive

functioning, a specific form of cognitive ability. However, our results show similar patterns to

those found by previous research [9] that used data from the National Longitudinal Survey of

Youth (NLSY79) to test for non-linear relationships between cognitive ability and negative

financial behaviors, such as being late paying bills and going bankrupt. In this study [9] the

highest rates of these behaviors were found to occur in the middle of the cognitive ability dis-

tribution, which aligns with our findings on debt amount and revolving credit card debt. How-

ever, this pattern is not reflected in our measures of savings or subjective financial well-being.

Our findings demonstrate a positive correlation between cognitive ability and financial

well-being, as measured by various indicators of wealth accumulation. High cognitive ability

Table 9. OLS logistic regression models for the relationship between cognitive ability on holding an investment.

VARIABLES (1) (2) (3) (4)

Investment account (Age 46) Investment account (Age 46) Investment account (Age 46) Investment account (Age 46)

Cognitive ability 0.63*** 0.60*** 0.44*** 0.42***
(0.05) (0.05) (0.06) (0.06)

Cognitive ability2 0.02 0.02 -0.01 -0.02

(0.03) (0.03) (0.03) (0.03)

Cognitive ability3 -0.03* -0.03* -0.02 -0.03

(0.01) (0.01) (0.02) (0.019)

Female -0.24*** -0.24*** -0.25***
(0.06) (0.07) (0.07)

Married 0.69*** 0.69*** 0.53***
(0.07) (0.08) (0.08)

Household size 0.03 0.01 -0.02

(0.03) (0.03) (0.03)

Father’s education 0.01 0.01

(0.02) (0.02)

Mother’s education 0.03 0.04

(0.02) (0.02)

Family income at age 10 0.19*** 0.13***
(0.03) (0.03)

Household income (Per £1000) 0.01***
(0.00)

Constant -1.08*** -1.50*** -2.74*** -2.91***
(0.04) (0.09) (0.30) (0.32)

Observations 6,328 6,328 4,796 4,450

Pseudo R2 .043 .063 .065 .090

Standard errors in parentheses

*** p < .001,

** p < .01,

* p < .05

https://doi.org/10.1371/journal.pone.0285199.t009
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individuals generally have higher savings balances, a larger asset-to-income ratio, a greater

likelihood of being enrolled in a pension plan, and are more likely to hold an investment

account. This may reflect their ability to navigate and understand complex financial products.

However, it is important to note that the relationship between cognitive ability and wealth

accumulation may be confounded by income. Our analyses suggest that income plays a poten-

tially influential role in this relationship, as the inclusion of income as a covariate reduces the

strength of the effect of cognitive ability on savings balances and pension scheme membership.

Furthermore, after including income, the initial non-linear relationships found (e.g. exponen-

tial for total savings and asset-to-income ratio, diminishing returns for pension scheme mem-

bership) became non-significant. Controlling for income allowed us to isolate the direct

relationship between cognitive ability and savings, and we find that this relationship is best

described by a linear trend.

Our study also finds that individuals with greater cognitive ability report lower levels of

financial stress. We observed a linear trend in this relationship, indicating that, even for indi-

viduals with high cognitive ability, an increase in their cognitive ability scores would be associ-

ated with a decrease in financial stress. However, it is important to acknowledge that financial

stress is only one aspect of financial well-being, and incorporating objective indicators is

Fig 9. Probability of holding an investment account across levels of cognitive ability.

https://doi.org/10.1371/journal.pone.0285199.g009
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crucial to obtaining a comprehensive understanding. Previous literature has shown that indi-

viduals’ subjective assessment of their financial situation may not always align with their actual

financial status [69]. Simply lacking financial stress does not necessarily indicate financial

well-being, as it could result from avoidance of financial responsibilities [70]. Overall, we con-

tribute to the rich literature on subjective financial well-being [e.g., 16, 63] by demonstrating

that cognitive ability predicts not only objective measures but also subjective assessments of

one’s financial situation. This is especially important given the detrimental consequences of

financial stress on health and overall well-being [71]. Our study highlights the importance of

cognitive ability as a potential protective factor against financial stress and underscores the

need for a holistic approach to understanding financial well-being. Our research shows that

cognitive ability plays a distinct role in financial well-being beyond the influence of income.

We provide evidence of this by illustrating that cognitive ability has unique explanatory power

in predicting financial outcomes, even when controlling for income. In the online appendix

(Web Appendix B in S1 File), we provide supplementary analyses showing that cognitive abil-

ity is positively related to income, consistent with previous research [e.g., 15].

Specifically, our findings reveal a non-linear relationship between cognitive ability and

income, with diminishing returns at lower levels of cognitive ability and an exponential trend

Table 10. OLS regression models for the relationship between cognitive ability and financial stress.

VARIABLES (1) (2) (3) (4)

Financial stress (Age 46) Financial stress (Age 46) Financial stress (Age 46) Financial stress (Age 46)

Cognitive ability -0.16*** -0.14*** -0.10*** -0.06***
(0.01) (0.01) (0.02) (0.02)

Cognitive ability2 - - - -

Cognitive ability3 - - - -

Female 0.01 0.01 0.00

(0.02) (0.03) (0.03)

Married -0.40*** -0.35*** -0.25***
(0.03) (0.03) (0.032)

Household size 0.02 0.03* 0.05***
(0.01) (0.01) (0.01)

Father’s education -0.01 -0.01

(0.01) (0.01)

Mother’s education 0.02* 0.02*
(0.01) (0.01)

Family income at age 10 -0.07*** -0.04**
(0.01) (0.01)

Household income (Per £1000) -0.01***
(0.00)

Constant 0.02 0.19*** 0.31* 0.30*
(0.01) (0.04) (0.13) (0.13)

Observations 6,321 6,321 4,791 4,450

R2 .023 .057 .054 .124

Standard errors in parentheses

*** p < .001,

** p < .01,

* p < .05

https://doi.org/10.1371/journal.pone.0285199.t010
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at higher levels. While higher levels of income are likely one route through which cognitive

ability leads to increased financial well-being, these findings underscore the importance of

considering cognitive ability as a separate predictor of financial well-being, rather than solely

relying on income as an explanation.

Finally, our study demonstrates that, in addition to cognitive ability and income, family

background plays a crucial role in shaping an individual’s financial outcomes. We observe that

family income at age 10 is a significant predictor of savings, pension plan membership, invest-

ment account holding, and financial stress at age 46. Our findings are consistent with previous

research on the intergenerational transmission of wealth [e.g., 72], which describes how finan-

cial well-being is passed down from one generation to the next, as well as research on financial

socialization [73]. These results emphasize the importance of considering the impact of family

background on financial well-being, in addition to cognitive ability and income, when design-

ing interventions or policies aimed at improving financial outcomes.

Theoretical and policy implications

Theoretically, our results suggest that cognitive ability plays an important role in financial

decision-making, enabling individuals to navigate and understand complex financial products.

Fig 10. Financial stress across levels of cognitive ability.

https://doi.org/10.1371/journal.pone.0285199.g010
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As the complexity of financial products that consumers are exposed to increases [3], cognitive

ability is generally a valuable resource that can enable positive financial decision-making.

Additionally, our findings imply that the relationship between cognitive ability and financial

well-being may depend on access to financial products and opportunities. We emphasize that

our results do not imply that individuals with lower cognitive abilities cannot achieve financial

well-being.

Our research contributes to prior research on the association between cognitive ability and

financial well-being in several ways. First, we study possible non-linear relationships between

cognitive ability and financial well-being. Our work expands the robustness of prior work [9]

by studying non-linear effects for a broader range of indicators of financial well-being, includ-

ing subjective perceptions of financial well-being in another cohort and another country. Sec-

ond, we provide a novel perspective on the association between cognitive ability and financial

outcomes by controlling for the effect of income. Our work demonstrates that cognitive ability

is associated with financial outcomes when controlling for the well-documented effect of cog-

nitive ability on income [15]. A specific strength of our paper is that we use a high-quality mea-

sure of cognitive ability to estimate the impact of cognitive ability more precisely in childhood

on adult financial outcomes. Previous research has often used proxies of cognitive ability, such

as the cognitive reflection test [25, 27, 40]. Using a high-quality measure of cognitive ability,

measured before school streaming occurred [45], allows us to estimate the impact of cognitive

ability more precisely in childhood on adult financial outcomes. Whereas prior research has

measured cognitive ability in adulthood or uses proxy measures of cognitive ability, we dem-

onstrate how a measure of cognitive ability in childhood, which is not confounded by financial

experience, is associated with financial outcomes in adulthood.

Our study reveals that cognitive ability is a reliable predictor of financial well-being; how-

ever, we acknowledge that other unmeasured characteristics may also influence financial out-

comes. The modest R2 values of our regression models suggest that there are other significant

factors that we did not account for. To identify such factors, future studies may use a data-

driven approach like least absolute shrinkage and selection operator (LASSO) analysis, a

method that performs variable selection to enhance the prediction accuracy and interpretabil-

ity of the resulting model [74]. One such unmeasured factor that may influence financial well-

being is financial experience, which has been shown to compensate for cognitive decline due

to aging [75]. Another factor is financial literacy, which is known to predict financial well-

being and reduce financial errors [25, 38]. Measuring financial literacy separately may explain

financial decision-making and financial outcomes beyond the general measure of cognitive

ability used in this study. Thus, understanding the interplay between cognitive ability, financial

experience, and financial literacy is crucial in promoting sound financial decision-making

and, ultimately, achieving financial well-being.

Our findings on the relationship between cognitive ability and financial well-being have sig-

nificant policy implications. By identifying the functional form of these relationships, we gain

insights into which individuals may benefit the most from interventions aimed at improving

financial well-being. For instance, our results suggest that policies aimed at limiting overexpo-

sure to credit should focus on individuals with average cognitive abilities. These individuals

are more likely to have access to debt than those with the lowest cognitive abilities, and they

may have a greater need to access debt than those with the highest cognitive abilities. This

highlights the importance of targeting interventions to specific subgroups of the population

rather than applying a one-size-fits-all approach [76].

The positive effect of cognitive ability on financial outcomes highlights the need for inter-

ventions to address the financial literacy and decision-making skills of individuals with lower

cognitive abilities. Such interventions may include financial education programs as well as
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policies that increase access to financial products and opportunities for those with lower cogni-

tive ability. Additionally, our findings call for further research to better understand the non-

linear relationship between cognitive ability and financial well-being in order to inform the

design of more effective policies and interventions.

While our research does not investigate the specific mechanisms underlying the non-linear

relationship between cognitive ability and financial well-being, gaining such insight is essential

for informing interventions and applying our findings to improve financial outcomes. The

causal mechanisms through which cognitive ability impacts financial decision-making are

complex and multifaceted. Cognitive ability and the time preferences associated with cognitive

ability are closely linked to educational and occupational attainment [23], which in turn can

influence the accumulation of wealth [as reviewed by 77]. Furthermore, cognitive ability may

affect an individual’s access to financial products via multiple routes. First, through its effect

on income, cognitive ability may increase an individual’s eligibility for specific financial prod-

ucts, such as loans. Second, the cost of information acquisition is lower for individuals with

higher cognitive abilities, which lowers the cost of taking on novel financial products, such as

stocks. Individuals who have more access to financial products such as investments have a

stronger incentive to gain knowledge about these topics, which in turn may increase their

financial literacy [25]. While access to financial resources can be a positive factor, it may also

have negative consequences if it leads to overexposure to credit or exposure to detrimental

financial products [68]. Some authors [78] argue that individuals at lower levels of financial lit-

eracy may be aware of the insufficiency of their financial knowledge, and therefore attempt to

avoid financial mistakes. Through this process, cognitive ability can have a positive effect on

financial well-being, as it reduces the barriers for the take-up of wealth-building products,

while simultaneously, the lower barrier may simultaneously explain higher levels of debt

through an increased take-up of bad sources of debt at average levels of cognitive ability. Fur-

ther research that includes measures to isolate these individual components can help elucidate

these complex mechanisms.

Our research also highlights the importance of considering multiple indicators of financial

well-being when examining the relationship between cognitive ability and financial outcomes.

While traditional measures, such as debt accumulation, may suggest that individuals with

lower cognitive abilities have more favorable financial circumstances, our findings on indica-

tors such as savings and subjective financial well-being suggest otherwise. This highlights the

importance of considering both objective and subjective measures of financial well-being to

fully understand the complex relationship between cognitive ability and financial outcomes.

As subjective financial well-being is strongly associated with overall well-being [63, 79], the

role of subjective perceptions of financial well-being should not be underestimated. Addition-

ally, our findings suggest that different interventions may be necessary for individuals at differ-

ent levels of cognitive ability to improve financial well-being. Therefore, it is crucial for

policymakers to consider the functional form of the relationship between cognitive ability and

financial well-being when designing interventions to improve financial outcomes for all

individuals.

In practice, it may not be feasible to individually assess the cognitive ability of all members

of society to determine which individuals would benefit most from a policy intervention. How-

ever, this challenge can be addressed by utilizing proxies for cognitive ability, such as educa-

tion level [80], or by utilizing digital footprints, such as online behavior or transaction

histories, to predict cognitive ability at scale [81–83].
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Limitations and future research

Some limitations should be kept in mind when interpreting the current findings. Due to the

nature of the dataset, we only have information on the cognitive ability of one individual in the

household. Whereas we find positive associations between cognitive ability and individual

financial outcomes, such as whether an individual is a member of a pension plan, some of the

financial well-being measures, such as income, wealth and debt, are measured at the household

level. However, we do not believe this invalidates our results, as there is generally a strong cor-

relation between the cognitive ability of partners [84].

To gain a more complete understanding of the factors contributing to the inverted U-

shaped relationship between cognitive ability and debt, it is important for future research to

utilize a more nuanced approach to measuring debt. While our study focused on revolving

debts and excluded mortgage debts, with the aim of identifying the debt associated with subop-

timal financial decision-making, debt may not always signify poor financial decision-making.

In Web Appendix C in S1 File, we report additional analyses that demonstrate that in our

study, debt is associated with financial stress and that the inverse U-shape relationship between

cognitive ability is robust when excluding student debt, which can be seen as a positive use of

debt. Therefore, it is essential to consider the type and purpose of debt, as well as an individu-

al’s overall financial resources. Although our study considered the debt-to-income ratio, more

detailed measures of debt, such as those used in the Household, Income, and Labor Dynamics

in Australia (HILDA) survey [85], which includes information about credit card repayment

frequency, could offer more insight into the relationship between debt and financial well-

being. Such an analysis would provide a more nuanced understanding of how the purpose and

frequency of debt repayment can affect an individual’s financial well-being.

In interpreting our findings, it is also important to consider the limitations of our measure-

ments. The continuous indicators of financial well-being that we measured, such as debt, debt-

to-income ratio, savings, and asset-to-income ratio, have a non-Gaussian distribution, which

can lead to outliers that may bias our analyses. To address this issue, we used a winsorizing

approach that reduces the impact of outliers (i.e., the top 1%) on the results while preserving

the distribution of the data. However, this approach assumes that extreme values are indeed

outliers, which is a matter of contention [86]. Future research using registration data instead

of self-reported financial data could provide a more accurate measure of financial outcomes

and shed light on whether the functional forms of the relationship between cognitive ability

and financial outcomes hold when measurement error is minimized.

A further limitation is that the extent to which our findings are generalizable to populations

beyond the British sample studied is unclear. In particular, cross-country variations in the

level of state intervention in the financial lives of citizens, such as through the generosity of

welfare systems and the degree of regulation of the financial system, are likely to impact the

patterns of associations found between cognitive abilities and financial well-being. For exam-

ple, in the United States, welfare is less generous and conditional on employment to a greater

extent than in Europe [87]. We study the association between cognitive abilities and financial

well-being in the United Kingdom, a European-style welfare system. A high level of state inter-

vention may reduce the strength of the relationship, as policies such as mandatory auto-enrol-

ment in retirement plans (e.g., the 2008 Pensions Act) may reduce inequalities across groups.

Thus, the strength and direction of the association between cognitive ability and financial

well-being may be contingent on the welfare system of a given country.

The present study does not explore the impact of personality on financial outcomes, despite

a broad literature demonstrating the important role of personality in shaping both consump-

tion [88–94] and personal finance behaviors [76, 95–99]. Practically, limitations in the
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available data limited our ability to include measures of personality in the analyses. Personality

has been measured in childhood but just as a proxy from other measures. Theoretically, our

study was driven by the belief that cognitive ability plays a more proximal role in financial

decision-making and outcomes, and it is challenging to identify which specific personality

traits to measure and how to interpret the data meaningfully. However, research has shown

that personality traits have unique explanatory power beyond the role of intelligence. For

example, in a high-IQ sample, conscientiousness and extraversion positively predict men’s life-

time earnings, whereas agreeableness and earnings are negatively related [100]. Trait conscien-

tiousness is also a determinant of wealth [19, 21], controlling for differences in cognitive

ability. Although there is academic debate about the relative importance of cognitive ability

and personality in predicting life outcomes [see 101, 102], little is known about how cognitive

and non-cognitive factors interact to achieve financial well-being. Future research could

explore how specific personality traits, such as conscientiousness, extraversion, and agreeable-

ness, enhance or attenuate the positive effect of cognitive ability on financial well-being.

Conclusion

In conclusion, our study provides new insights into the relationship between childhood cogni-

tive ability, financial resources, and financial outcomes in adulthood. Our findings suggest that

childhood cognitive ability is a significant predictor of financial outcomes in adulthood, and

that this relationship is not solely driven by differences in income. We further find that these

relationships are not consistently characterized by linearity, with debt characterized by an

inverse U-shape. The functional form of the relationship between cognitive ability and finan-

cial well-being depends on the type of outcome studied. These results have important implica-

tions for policymakers and financial advisors who seek to improve financial well-being and

reduce financial inequality. By understanding the complex interplay between cognitive ability,

financial resources and financial outcomes, targeted interventions can be developed to help

those who are at the greatest risk of experiencing financial hardship. Our study also highlights

the need for further research in this area, including exploring the underlying mechanisms that

explain the relationship between cognitive ability and financial outcomes and examining the

role of other factors such as financial literacy and risk attitudes. By doing so, we can obtain a

more complete understanding of the links between these variables and advance our under-

standing of how to enhance financial well-being across the lifespan.
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88. Ebert T., Götz F. M., Gladstone J. J., Müller S. R., & Matz S. C. (2021). Spending reflects not only who

we are but also who we are around: The joint effects of individual and geographic personality on

PLOS ONE Cognitive ability and financial well-being

PLOS ONE | https://doi.org/10.1371/journal.pone.0285199 June 7, 2023 33 / 34

https://doi.org/10.1177/2515245918805755
https://doi.org/10.1097/PSY.0000000000000276
http://www.ncbi.nlm.nih.gov/pubmed/26569541
https://doi.org/10.1111/ecoj.12535
https://doi.org/10.1111/ecoj.12535
https://doi.org/10.1007/s10834-020-09736-2
http://www.ncbi.nlm.nih.gov/pubmed/33192037
https://doi.org/10.1111/j.2517-6161.1996.tb02080.x
https://doi.org/10.1073/pnas.1413570112
http://www.ncbi.nlm.nih.gov/pubmed/25535381
https://doi.org/10.1016/j.jebo.2018.02.013
https://doi.org/10.1016/j.neubiorev.2020.01.016
https://doi.org/10.1016/j.neubiorev.2020.01.016
http://www.ncbi.nlm.nih.gov/pubmed/31968216
https://doi.org/10.1086/524204
https://doi.org/10.1086/524204
https://doi.org/10.1037/emo0000184
https://doi.org/10.1037/emo0000184
http://www.ncbi.nlm.nih.gov/pubmed/27064287
https://doi.org/10.1177/0956797619849435
https://doi.org/10.1177/0956797619849435
http://www.ncbi.nlm.nih.gov/pubmed/31166847
https://doi.org/10.1073/pnas.1218772110
http://www.ncbi.nlm.nih.gov/pubmed/23479631
https://doi.org/10.1140/epjds/s13688-021-00281-y
https://doi.org/10.1016/j.intell.2019.01.004
https://doi.org/10.1177/0958928709358791
https://doi.org/10.1371/journal.pone.0285199


consumption. Journal of Personality and Social Psychology, 121(2), 378–393. https://doi.org/10.

1037/pspp0000344 PMID: 32597669

89. Garbinsky E. N., Gladstone J. J., Nikolova H., & Olson J. G. (2020). Love, lies, and money: Financial

infidelity in romantic relationships. Journal of Consumer Research, 47(1), 1–24. https://doi.org/10.

1093/jcr/ucz052

90. Gladstone J. J., Garbinsky E. N., & Matz S. C. (2022). When does psychological fit matter? The mod-

erating role of price on self-brand congruity. Social Psychological and Personality Science, 13(2),

595–607. https://doi.org/10.1177/19485506211028390

91. Kappes H. B., Gladstone J. J., & Hershfield H. E. (2021). Beliefs about whether spending implies

wealth. Journal of Consumer Research, 48(1), 1–21. https://doi.org/10.1093/jcr/ucaa060

92. Landis B., & Gladstone J. J. (2017). Personality, income, and compensatory consumption: Low-

income extraverts spend more on status. Psychological Science, 28(10), 1518–1520. https://doi.org/

10.1177/0956797617714811 PMID: 28832252

93. Matz S. C., Gladstone J. J., & Stillwell D. (2016). Money buys happiness when spending fits our per-

sonality. Psychological Science, 27(5), 715–725. https://doi.org/10.1177/0956797616635200 PMID:

27056977

94. Weston S. J., Gladstone J. J., Graham E. K., Mroczek D. K., & Condon D. M. (2019). Who are the

scrooges? Personality predictors of holiday spending. Social Psychological and Personality Science,

10(6), 775–782. https://doi.org/10.1177/1948550618792883 PMID: 31857830

95. Brown S., & Taylor K. (2014). Household finances and the ‘Big Five’ personality traits. Journal of Eco-

nomic Psychology, 45, 197–212. https://doi.org/10.1016/j.joep.2014.10.006

96. Gladstone J. J., Jachimowicz J. M., Greenberg A. E., & Galinsky A. D. (2021). Financial shame spirals:

How shame intensifies financial hardship. Organizational Behavior and Human Decision Processes,

167, 42–56. https://doi.org/10.1016/j.obhdp.2021.06.002

97. Matz S. C., & Gladstone J. J. (2020). Nice guys finish last: When and why agreeableness is associated

with economic hardship. Journal of Personality and Social Psychology, 118(3), 545–561. https://doi.

org/10.1037/pspp0000220 PMID: 30307276

98. Mosca I., & McCrory C. (2016). Personality and wealth accumulation among older couples: Do disposi-

tional characteristics pay dividends? Journal of Economic Psychology, 56, 1–19. https://doi.org/10.

1016/j.joep.2016.04.006

99. Nyhus E. K., & Webley P. (2001). The role of personality in household saving and borrowing behav-

iour. European Journal of Personality, 15(S1), 85–103. https://doi.org/10.1002/per.422

100. Gensowski M. (2018). Personality, IQ, and lifetime earnings. Labour Economics, 51, 170–183. https://

doi.org/10.1016/j.labeco.2017.12.004

101. Golsteyn B. H., Heckman J. J., & Humphries J. E. (2022). Comment on “The claim that personality is

more important than intelligence in predicting important life outcomes has been greatly exaggerated.”

Intelligence, 94, 101678. https://doi.org/10.1016/j.intell.2022.101678

102. Zisman C., & Ganzach Y. (2022). The claim that personality is more important than intelligence in pre-

dicting important life outcomes has been greatly exaggerated. Intelligence, 92, 101631. https://doi.

org/10.1016/j.intell.2022.10163

PLOS ONE Cognitive ability and financial well-being

PLOS ONE | https://doi.org/10.1371/journal.pone.0285199 June 7, 2023 34 / 34

https://doi.org/10.1037/pspp0000344
https://doi.org/10.1037/pspp0000344
http://www.ncbi.nlm.nih.gov/pubmed/32597669
https://doi.org/10.1093/jcr/ucz052
https://doi.org/10.1093/jcr/ucz052
https://doi.org/10.1177/19485506211028390
https://doi.org/10.1093/jcr/ucaa060
https://doi.org/10.1177/0956797617714811
https://doi.org/10.1177/0956797617714811
http://www.ncbi.nlm.nih.gov/pubmed/28832252
https://doi.org/10.1177/0956797616635200
http://www.ncbi.nlm.nih.gov/pubmed/27056977
https://doi.org/10.1177/1948550618792883
http://www.ncbi.nlm.nih.gov/pubmed/31857830
https://doi.org/10.1016/j.joep.2014.10.006
https://doi.org/10.1016/j.obhdp.2021.06.002
https://doi.org/10.1037/pspp0000220
https://doi.org/10.1037/pspp0000220
http://www.ncbi.nlm.nih.gov/pubmed/30307276
https://doi.org/10.1016/j.joep.2016.04.006
https://doi.org/10.1016/j.joep.2016.04.006
https://doi.org/10.1002/per.422
https://doi.org/10.1016/j.labeco.2017.12.004
https://doi.org/10.1016/j.labeco.2017.12.004
https://doi.org/10.1016/j.intell.2022.101678
https://doi.org/10.1016/j.intell.2022.10163
https://doi.org/10.1016/j.intell.2022.10163
https://doi.org/10.1371/journal.pone.0285199

