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Abstract

Objective numeracy, the ability to understand and use mathematical concepts, has been

related to superior decisions and life outcomes. Unknown is whether it relates to greater sat-

isfaction in life. We investigated numeracy’s relations with income satisfaction and overall

life satisfaction in a diverse sample of 5,525 American adults. First, more numerate individu-

als had higher incomes; for every one point higher on the eight-item numeracy test, individu-

als reported $4,062 more in annual income, controlling for education and verbal intelligence.

Combined, numeracy, education, and verbal intelligence explained 25% of the variance in

income while Big-5 personality traits explained less than 4%. Further, the higher incomes

associated with greater numeracy were related to more positive life evaluations (income

and life satisfaction). Second, extant research also has indicated that the highly numerate

compare numbers more than the less numerate. Consistent with numeracy-related income

comparisons, numeracy moderated the relation between income and life evaluations, mean-

ing that the same income was valued differently by those better and worse at math. Specifi-

cally, among those with lower incomes, the highly numerate were less satisfied than the less

numerate; this effect reversed among those with higher incomes as if the highly numerate

were aware of and made comparisons to others’ incomes. Further, no clear income satiation

point was seen among those highest in numeracy, and satiation among the least numerate

appeared to occur at a point below $50,000. Third, both education and verbal intelligence

related to income evaluations in similar ways, and numeracy’s relations held when control-

ling for these other relations. Although causal claims cannot be made from cross-sectional

data, these novel results indicate that numeracy may be an important factor underlying life

evaluations and especially for evaluations concerning numbers such as incomes. Finally,

this study adds to our understanding of education and intelligence effects in life satisfaction

and happiness.
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“Contentment makes poor men rich; discontent makes rich men poor.”

Benjamin Franklin

Introduction

People value and pursue greater life satisfaction for themselves and others. As a result, under-

standing its antecedents is important because it may help individuals and organizations focus

on actions more likely to lead to long-term increases in life satisfaction [1]. Although educa-

tion has been linked with higher life satisfaction [2], reasons for its connection remain unclear.

Classic economic theory suggests that intelligence (“reason”) produces better decisions,

more wealth, and higher levels of “joy” and life satisfaction [3]. Conventional wisdom informs

us that the opposite can be true–“ignorance is bliss.” That is, being smart comes with a price,

and that price is reduced life satisfaction (think about the tortured genius and socially excluded

nerd). Some theories support this conventional wisdom, including those positing that individ-

uals with high cognitive ability react with over-excitable emotional and behavioral responses

to their environment. Mood disorders, for example, are more than three times as frequent

among those with an IQ of 130 or above, compared to the general population [4].

Further, formal education arguably can increase intelligence [5,6]. However, intelligence is

a multifaceted construct of cognitive abilities, meaning that people can be intelligent in differ-

ent ways [7]. And it is unclear what kinds of intelligence might relate to life satisfaction specifi-

cally. For example, research has pointed towards education’s positive effects on some life

outcomes as being due to numeric intelligence [8,9] (aka, objective numeracy, defined as the

ability to understand and use probabilistic and other mathematical concepts). In the present

paper, we focus on numeric intelligence, controlling for education and verbal intelligence [10].

Numeric intelligence is potentially important because numbers instruct, inform, and give

meaning to information intended to improve everyday judgments and choices, and those with

greater numeracy generally understand more numeric information and make superior judg-

ments and choices when numbers are involved [11–13].

Consistent with making better decisions, the more objectively numerate report more posi-

tive financial outcomes. For example, more numerate individuals have higher incomes and are

less likely to be unemployed long-term (independent of education and literacy [14,15]). In an

English sample of individuals over 50 years, highly numerate people had more wealth com-

pared to the less numerate, controlling for education and cognitive abilities such as literacy

and executive function [16]. Together, these findings suggest that objective numeracy is

important for financial outcomes.

Additionally, income is often studied as a major driver of overall life satisfaction [17]. Peo-

ple in high income nations are happier, on average, than those in very poor nations, just as

people with higher incomes within a nation tend to be happier than those with smaller

incomes [18]. Income’s relation with life satisfaction also appears causal; a medium-sized lot-

tery win produced increased life satisfaction two years later [19]. We hypothesized:

Hypothesis 1 (H1): Greater objective numeracy would be associated with greater income satis-

faction and greater life satisfaction through its relation with higher income (controlling for

education, verbal intelligence, and personality).

Inconsistent with this hypothesis, however, average happiness has remained constant over

the last decades while income has grown exponentially [20]. This inconsistency may be due to
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greater income leading to higher expectations [21] and/or aspirations [22]; these higher expec-

tations and aspirations, in turn, may dampen satisfaction if they go unmet. Another common

explanation for this paradox is that people do not judge happiness based on their absolute

income. Instead, they evaluate it based on their income relative to others’ income [23]. If true,

the more educated should experience greater life satisfaction (and they do [24]) if for no other

reason than they have higher average incomes. However, those with high education and lower

incomes (compared to other highly educated people) are less satisfied with their lives than

those with lower education and the same income [24]. Although the mechanisms are unknown

for this link between higher education, lower income, and less satisfaction, it has been hypoth-

esized to involve numeric computations and comparisons [25].

However, people differ in their tendencies to perform and rely on numeric comparisons. In

particular, more numerate individuals are more inclined than the less numerate to compare

numbers, presumably due to more accessible number operations [10,26,27]. Even when the

less numerate are capable of similar comparisons, they appear to need more direction or moti-

vation to do so [28,29]. Hence, we reasoned that the highly numerate would be more likely

than the less numerate to compare incomes so that they were more income-sensitive in their

satisfaction ratings, even after controlling for other factors.

Hypothesis 2 (H2): Numeracy would moderate the relation between income and satisfaction

such that the highly numerate would be more satisfied than the less numerate at higher

income levels but less satisfied at lower incomes (controlling for education, verbal intelli-

gence, and personality).

The present study explores these hypotheses concerning the role of numeracy in income

satisfaction and life satisfaction using a diverse American sample. The study breaks new

ground in that it is the first study of which we are aware to connect a specific cognitive ability

(numeracy, controlling for education and a non-numeric intelligence) to more general ratings

of one’s life (i.e., income satisfaction and life satisfaction). The study examines numeracy as a

potentially important cognitive factor underlying how people evaluate their lives, with a partic-

ular focus on a number-comparison inclination for the highly numerate that has been found

in prior well-controlled lab studies.

Method

The project described in this paper relies on data from surveys administered by the Under-

standing America Study (UAS), which is maintained by the Center for Economic and Social

Research at the University of Southern California (USC). Detailed methodology information is

available at uasdata.usc.edu. All procedures, including the informed consent process, were

conducted in accordance with the ethical standards of the responsible committee on human

experimentation (institutional and national) and with the Helsinki Declaration of 1975, as

revised in 2000. UAS panel procedures have been approved by the USC Institutional Review

Board (IRB). Both data and syntax are available for interested researchers who want to explore

them in more detail. Data are openly available at https://uasdata.usc.edu/ and syntax for the

present analyses is available from https://osf.io/uwq7v/; all variables are part of the UAS Com-

prehensive File that can be accessed after registration at https://uasdata.usc.edu/page/UAS

+Comprehensive+File. The authors had no special access privileges to the data.

Participants

Participants were internet panel members from the UAS. All participants were recruited using

an address-based sampling method. USC provided Internet access to participants who did not
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have it. Panel members completed surveys and were paid for each completed questionnaire

(e.g., $5 for a 5-minute survey). The UAS, which began in 2014, represents one of the richest

sources of panel data available in the United States (see Alattar, Messel, & Rogofsky [30] for an

overview). For this study, we compiled data across three survey modules (Modules 1, 2, and

44). Participants who had completed all three modules by April 26th, 2018 were included in

our study (N = 5,748). Only participants answering all relevant measures were included in

analyses, leaving a final N = 5,525. Based on 2010 U.S. Census records, our sample was more

educated (Bachelor’s degree or more = 35.9% vs. 27.2%), older (median age = 48 years vs. 37

years) and included more women (57.1% vs. 50.9%) relative to the U.S. population.

Measures

Age was treated as a continuous variable using the participant’s age in whole years, in addition

we included an age2 term to account for nonlinear relations between age and the outcomes

(age was divided by 10 and age2 was divided by 100 to increase readability of betas and confi-

dence intervals in regressions models) [31,32]. Gender was recoded (0 = female; 1 = male).

Education was measured on a 16-point scale from 1 = 1st grade through 16 = Doctorate

degree. However, to establish a normal distribution, and for consistency with similar studies

exploring education effects [33], responses were categorized: 1 = Less than High School

diploma, 2 = High school diploma, 3 = Some college or Associates degree, 4 = Bachelor’s

degree, and 5 = Master’s degree or more. Participants answered their household income range

on a 16-point scale from 1 = $0-$5,000 through 16 = $150,000 or more. This scale was con-

verted into dollars by using the midpoint of the range. Further, to account for diminishing

marginal utilities of income in line with Kahneman and Deaton [17], the logarithm of income

(log10 income) was used in the main regressions (unless otherwise mentioned).

To assess objective numeracy, participants completed a traditional eight-item numeracy

scale [34] (e.g., “If the chance of getting a disease is 10%, how many people would be expected

to get the disease out of 1,000?”). Each item was scored as correct or incorrect, and correct

items were summed (possible range 0 to 8). Missing responses were coded as incorrect.

Covariates were assessed. For non-numeric intelligence, participants completed 15 verbal

intelligence problems (verbal logic: e.g., “Mother is to Daughter as Father is to ____”). Each

item was scored as correct or incorrect, and correct items were summed (possible range 0 to

15). Missing responses were coded as incorrect. Such verbal analogies have long been viewed

as a general-intelligence measure [35]. Further, because personality also relates to both life out-

comes and life satisfaction [36], we controlled for Big-Five personality factors [26] in all analy-

ses. Participants responded to 44 questions measuring Extraversion (8 items), Agreeableness

(9 items), Conscientiousness (9 items), Neuroticism (8 items), and Openness (10 items) on a

scale from 1 = Disagree Strongly to 5 = Agree strongly.

Income and life satisfaction were measured with one-item questions on scales from 0 = not

at all to 10 = completely (“Overall, how satisfied are you with your income?” and “Overall, how

satisfied are you with your life?”).

Analysis approach

To test our two hypotheses, we used separate regression analyses for income satisfaction and

life satisfaction. We regressed each satisfaction variable onto objective numeracy, verbal intelli-

gence, Big-Five personality factors, and demographics (age, age2, gender, education, and

income). We note that our analytical approach treats education as a covariate even though

education likely has bidirectional causality with both objective numeracy and verbal intelli-

gence. Relations between these variables, thus, are simplified in the present paper.
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All regression models were performed in R-statistics (version 4.0.4). Continuous predictors

were mean centered, so that models were centered at the average level of these predictors.

Standardized estimates (betas) were calculated for continuous variables. For gender, a partially

standardized estimate was calculated that represented the difference in standard deviations in

the dependent variable between men and women. We used the Lavaan package in R [37] to

estimate indirect effects. Hence, and as depicted in Fig 1, we estimated (a) the direct effect of

objective numeracy on income and (c’) the residual direct effect of objective numeracy on

income satisfaction and life satisfaction, while controlling for all covariates including income.

We also estimated (b) the direct effect of income on both satisfaction variables and (a�b) the

indirect effect of objective numeracy on both satisfaction variables through income, while con-

trolling for (m) the moderating effect of objective numeracy on the paths between income and

both income satisfaction and life satisfaction.

Lavaan allow for indirect effects to be estimated through bootstrapped confidence intervals,

following recommendations from Preacher and Hayes [38]. Further and in accordance with

Kenny and Judd [39], we will avoid making claims about full or partial mediation as the power

to detect the residual direct effect is much lower than the power to detect the indirect effect.

Thus, our results are focused on the indirect effect (H1) as well as the moderating effect (H2)

of objective numeracy on income and life satisfaction. Lastly, we will focus on results related to

our hypotheses. Thus, results related to covariates will not be discussed in detail although they

can be seen in Tables 1–3 and supporting information S1–S6 Tables. All this said, this study

Fig 1. Hypothesized suggesting that objective numeracy has both a moderating effect and an indirect effect on

satisfaction through the relation between income and satisfaction. a represents the path between objective numeracy

and income. c’ represents the residual direct effect of objective numeracy on satisfaction, while controlling for all covariates

including income. b represents the direct effect of income on satisfaction, while controlling for the moderating effect of

objective numeracy on b. m represents the moderating effect of objective numeracy on the relation between income and

both income and life satisfaction.

https://doi.org/10.1371/journal.pone.0259331.g001
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relies on cross sectional data from which causation cannot be proven. However, the models in

this study are theory-based and test plausible correlational models. They therefore suggest

causal models worthy of further investigation.

Results

Sample characteristics, reliability, and simple correlations

Descriptive statistics are presented in Table 1. As expected, more numerate individuals had

higher income (r = .39, p < .001), more education (r = .42, p < .001), and greater verbal

Table 1. Means, standard deviations, and ranges for continuous measures and Cronbach’s alpha for multi-item indexes.

Mean SD Min Max α

Independent measures

Objective numeracy 3.6 1.9 0 8 .72

Age (years) 47.6 15.5 17 106 -

Income (thousands $) 62.4 43.2 2.5 150 -

Education 3.2 1.1 1 5 -

Verbal Intelligence 12.1 2.6 0 15 .78

Extraversion 3.3 .8 1 5 .81

Agreeableness 4.0 .6 1 5 .75

Conscientiousness 4.1 .6 1 5 .77

Neuroticism 2.7 .8 1 5 .82

Openness 3.6 .8 1 5 .77

Dependent measures

Income Satisfaction 5.6 2.7 0 10 -

Life Satisfaction 7.3 1.9 0 10 -

https://doi.org/10.1371/journal.pone.0259331.t001

Table 2. Linear regression analysis results of income predicted from objective numeracy, verbal intelligence, education, gender, age, age2, and Big-Five personality

factors.

Income

beta b 95% CI [LL, UL] p
Intercept 3.81 [3.77, 3.84] < .001

Objective Numeracy .18 0.09 [0.08, 0.11] < .001

Covariates

Verbal intelligence 0.15 0.06 [0.05, 0.07] < .001

Education 0.29 0.27 [0.25, 0.29] < .001

Gender 0.15 0.15 [0.11, 0.20] < .001

Age 0.09 0.06 [0.05, 0.08] < .001

Age2 -0.11 -0.04 [-0.05, -0.03] < .001

Extraversion 0.08 0.10 [0.07, 0.13] < .001

Agreeableness -0.03 -0.05 [-0.09, -0.01] .021

Conscientiousness 0.07 0.11 [0.07, 0.15] < .001

Neuroticism -0.04 -0.05 [-0.08, -0.02] .003

Openness -0.10 -0.17 [-0.20, -0.13] < .001

Note. Beta indicates the standardized regression coefficient (partially standardized for Gender; 0 = female; 1 = male). b represents unstandardized regression weights. LL
and UL, respectively, indicate the lower and upper limits of a confidence interval around the b. Model R2 = .31, F(11,5513) = 223.5, p < .001, adjusted R2 = .31,

AIC = 13404, BIC = 13490.

https://doi.org/10.1371/journal.pone.0259331.t002
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intelligence (r = .50, p < .001). In addition, men (43% men, 57% women) were more numerate

than women (respective means = 4.14 and 3.15, t(5135.7) = 19.99, p < .001). Numeracy was

also related to greater income satisfaction (r = .18, p < .001) and, to a much lesser degree,

greater life satisfaction (r = .03, p = .011; see supporting information S1 Table for correlations

among all variables).

Testing H1 and H2. First, we confirmed that numeracy indeed was related to higher

income (a-path in Fig 1) in this large, diverse U.S. sample, controlling for verbal intelligence,

education, gender, age, age2, and Big-Five personality factors (see Table 2). The best predictors

of income were education (beta = .29), objective numeracy (beta = .18), and verbal intelligence

(beta = .15). Together, these three predictors explained 25% of the variance in income whereas

the Big-Five personality factors together explained only 3.4%. These income effects were not

small. For every one point higher on the eight-item numeracy test, annual income was higher

by $4,062 (see supporting information S2 Table for full regression results using non-logged

income). The average annual income difference between participants scoring the lowest vs.

highest on the numeracy scale was about $36,000, controlling for education, verbal intelli-

gence, age, gender, and personality.

Next, to test our two hypotheses, we conducted separate linear regressions of income satis-

faction (R2 = .25, F(13,5511) = 140.4, p < .001) and life satisfaction (R2 = .19, F(13,5511) =

100.8, p < .001) using predictors of income, objective numeracy, and their interaction, con-

trolling for verbal intelligence, education, gender, age, age2, and Big-Five personality factors.

See Table 3 for the full results.

To test H1 (that greater objective numeracy would be associated with greater income satis-

faction and greater life satisfaction through its relation with higher income), we estimated the

Table 3. Linear regression analysis results of income satisfaction and life satisfaction predicted from income, objective numeracy, their interaction, verbal intelli-

gence, education, gender, age, age2, and Big-Five personality factors.

Income Satisfaction Life Satisfaction

beta b 95% CI [LL, UL] p — beta b 95% CI [LL, UL] p
Intercept 5.27 [5.17, 5.37] < .001 7.13 [7.06, 7.21] < .001

Income (log10) .42 2.67 [2.49, 2.85] < .001 0.26 1.13 [0.99, 1.26] < .001

Objective Numeracy .02 0.02 [-0.02, 0.06] .260 -0.03 -0.03 [-0.06, 0.00] .064

Income (log10) x Objective numeracy .10 0.33 [0.26, 0.41] < .001 0.08 0.19 [0.13, 0.25] < .001

Covariates

Verbal intelligence -.01 -0.01 [-0.04, 0.02] .369 -0.03 -0.02 [-0.04, 0.00] .068

Education .03 0.06 [-0.00, 0.13] .059 -0.02 -0.03 [-0.08, 0.02] .205

Gender -.01 -0.02 [-0.15, 0.12] .805 -0.06 -0.10 [-0.20, -0.00] .040

Age .07 0.13 [0.09, 0.17] < .001 0.02 0.02 [-0.01, 0.05] .011

Age2 .08 0.08 [0.06, 0.10] < .001 0.09 0.06 [0.05, 0.08] < .001

Extraversion .04 0.12 [0.03, 0.20] .006 0.09 0.22 [0.15, 0.28] < .001

Agreeableness -.00 -0.02 [-0.14, 0.10] .732 0.03 0.08 [-0.00, 0.17] .055

Conscientiousness .04 0.19 [0.08, 0.31] .001 0.06 0.20 [0.11, 0.28] < .001

Neuroticism -.16 -0.51 [-0.60, -0.42] < .001 -0.27 -0.63 [-0.69, -0.56] < .001

Openness -.10 -0.42 [-0.53, -0.32] < .001 -0.08 -0.25 [-0.33, -0.17] < .001

Model Fit

Adjusted R2 .25 .19

AIC 24929 21507

BIC 25029 21606

Note. beta indicates the standardized regression coefficient (partially standardized for Gender; 0 = female; 1 = male). b represents unstandardized regression coefficient.

LL and UL respectively indicate the lower and upper limits of a confidence interval around b.

https://doi.org/10.1371/journal.pone.0259331.t003
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indirect effects of numeracy through income on the satisfaction variables. The analysis con-

firmed that the relation of numeracy with income satisfaction was mediated through income

(indirect effect 0.11, 95% CI [0.09, 0.13], p < .001); similar results emerged for life satisfaction

(indirect effect 0.04, 95% CI [0.03, 0.05], p < .001). Thus, H1 was supported. Greater objective

numeracy was associated with having more income which, in turn, related to greater income

satisfaction and life satisfaction.

To test H2 (that numeracy would moderate the relation between income and satisfaction,

indicating that income had different effects for the more and less numerate), we examined the

interaction of objective numeracy and income in both analyses. As indicated in Table 3, the

interaction was significant for income satisfaction (interaction beta = .10, b = 0.33, p < .001;

see Fig 2A for plotted relation). Analyses of life satisfaction were similar (interaction beta =

.08, b = 0.19, p < .001; see Fig 2B for plotted relation). Thus, higher numeracy was associated

Fig 2. Estimated means of income satisfaction (panel A) and life satisfaction (panel B), plotted as a function of income (thousands of $) and objective numeracy

(percentile). The graph indicates that the relation between income and satisfaction is stronger in those with higher numeracy compared to those lower in numeracy, for

both income satisfaction and life satisfaction. Thus, numeracy seems to be an important factor when predicting the point of income satiation at the individual level.

https://doi.org/10.1371/journal.pone.0259331.g002
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with higher incomes (Table 2), and also those higher in numeracy evaluated their higher

incomes more positively (Table 3).

Simple slopes suggest that greater objective numeracy related to higher income satisfaction

at higher income levels (b+1 SDIncome = 0.16, 95% CI [0.10, 0.22], p < .001). However, at lower

income levels, being more numerate was related to lower income satisfaction (b-1 SDIncome =

-0.12, 95% CI [-0.18, -0.06], p < .001); see Fig 3A. Similar results emerged for life satisfaction

(b+1SD Income = 0.5, 95% CI [0.01, 0.09], p = .01; b-1SD Income = -0.11, 95% CI [-0.15, -0.07], p <

.001); see Fig 3B.

Furthermore, the data were a better fit to the two models that included the numeracy-

income interaction than those that did not include it (income satisfaction: ΔR2 = .8%, F

(1,5512) = 73.8, p < .001; life satisfaction: ΔR2 = .7%0, F(1,5512) = 44.9, p < .001). For full

regression results when the interaction was not included, see supporting information S4 Table.

Fig 3. Estimated means and 95% confidence intervals of income satisfaction (panel a) and life satisfaction (panel b), plotted as a function of objective numeracy

(0–8) and income (logged $). The graphs indicate that people higher in numeracy had higher satisfaction than those lower in numeracy if their income was higher (the

top line) and had lower satisfaction if their income was lower (the bottom line), for both income satisfaction and life satisfaction. Thus, those who scored highest on the

numeracy test had either the absolute highest or the absolute lowest average levels of income satisfaction and life satisfaction, depending on their income.

https://doi.org/10.1371/journal.pone.0259331.g003
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Further, to examine the robustness of the numeracy moderation, we fit the data to models

of each satisfaction variable in which education, verbal intelligence and numeracy all moder-

ated income’s effect on satisfaction. We also included household size in this robustness check

and restricted the sample to only working age adults (those in our sample 65 years or younger),

as income in retirement might be evaluated differently especially for those higher in numeracy.

This left us with a sample of N = 4,574 American adults age 65 years or younger. As hypothe-

sized, the moderating effect of numeracy remained significant, albeit descriptively smaller, in

this smaller sample. Further, the moderating effect of numeracy was comparable to the moder-

ating effects of both education and verbal intelligence in models of both income satisfaction

(numeracy�income beta = .06, p < .001, education�income beta = .07, p < .001, and verbal

intelligence�income beta = .03, p = .017) and life satisfaction (numeracy�income beta = .05, p
= .007, education�income beta = .04, p = .012, and verbal intelligence�income beta = .04, p =

.006). Hence, as suggested in previous studies, education appears to exert its own influence, in

interaction with income, on both income satisfaction and life satisfaction. However, numeracy

has an independent relation, that is also independent of possible effects of verbal intelligence;

see supporting information S5 Table for the full results of the model and see Figs 4 and 5 for

the plotted relationships. In a final analysis aimed at evaluating the robustness of our findings,

we examined these same models (as in the S5 Table), but treated education as a factor instead

of assuming linearity of its relations. Again, numeracy moderated the relation of income with

Fig 4. Estimated means of income satisfaction plotted as a function of income (thousands of $) and objective numeracy (panel A), Verbal Intelligence (panel B),

and Education (panel C). Each moderator added significant predictive power to the model, meaning that each one altered the predictive power of income on income

satisfaction, independent of the others.

https://doi.org/10.1371/journal.pone.0259331.g004
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both income satisfaction (numeracy�income b = .18, p < .001) and life satisfaction (numera-

cy�income b = .12, p = .002). For full results, see supporting information S6 Table.

To sum up, our data suggest that objective numeracy had an indirect effect on life evalua-

tions through income, and it moderated the relation of income for both satisfaction variables.

These data support our supposition that those higher and lower in objective numeracy used

income differently to evaluate their lives, irrespective of their level of education or verbal

intelligence.

Discussion

The modern world is full of numbers: cash, calories, and credit scores. Not surprisingly,

research has shown that those adept with numbers experience better financial outcomes

[40,41]. The present study supports these findings and further demonstrates that numeracy

related to life evaluations (i.e., income satisfaction and life satisfaction). First, objective numer-

acy had a significant and positive association with income; each additional correct answer on

the eight-question numeracy test was associated with $4,062 more in yearly income, control-

ling for other individual differences such as education, personality, and verbal intelligence.

Thus, although numeracy was related to these variables, it nonetheless was uniquely associated

with income [5,6]. Further, objective numeracy was among the three best predictors of income

(together with education and verbal intelligence). Hence, being intelligent, including

Fig 5. Estimated means of life satisfaction plotted as a function of income (thousands of $) and objective numeracy (panel A) Verbal Intelligence (panel B) and

Education (panel C). Each of the moderators remained significant in the model, meaning that each moderator altered the association of income with income

satisfaction.

https://doi.org/10.1371/journal.pone.0259331.g005
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numerically intelligent, appears to have positive financial consequences for individuals in the

form of higher incomes [42].

We further demonstrated for the first time that numeracy had a significant indirect effect,

through increased income, on both income satisfaction and life satisfaction. Hence, being

good at math appeared to support the ability to make money, and, through this income, it pre-

dicted greater satisfaction with both income and life [17]. Although similar results have been

shown for education [43], our results held while controlling for education and verbal intelli-

gence. These results thus provide support for numeracy as a potential key cognitive factor for

wellbeing. It further suggests that the cognitive skills learned through schooling, numeric skills

and verbal skills, may exert separate influences on wellbeing [23–25].

In addition, we tested the novel hypothesis that the relative-income effect on life evaluations

[25] would be moderated by numeracy. We know that more numerate people are more

inclined naturally to do number comparisons than the less numerate [28]. We reasoned that

this comparison habit should extend to income comparisons. In fact, numeracy moderated the

effect of income on life evaluations. In a robustness check, this hypothesis was supported even

after controlling for education, verbal intelligence, their respective interactions with income,

and household size and after restricting the sample to working age adults and adding a qua-

dratic age term to allow satisfaction to vary nonlinearly with age.

Overall, simple slopes designed to test our hypothesis indicated that income had little effect

on satisfaction among the less numerate; they showed very little of the standard relative

income effect [23]. However, income had strong relations with income satisfaction and life sat-

isfaction among the highly numerate. In fact, at higher incomes, the highly numerate were

more satisfied than the less numerate. This relation reversed at lower income levels. Ignorance

can be bliss, and, as Benjamin Franklin opined, it may “make poor men rich.” These results

and reasoning further imply that the ~$70,000 satiation point found in some past research will

depend on individual differences, such as objective numeracy. In our data, no clear satiation

point existed among those highest in numeracy, and satiation among the least numerate

appeared to occur at a point below $50,000 (see Fig 2).

Thus, numeric ability may help in two ways. First, it appears to support the ability to attain

a higher income [14,15]. Second, once the person earns more income, being more numerate

supports the interpretation that all is good with the world. However, being more numerate is a

double-edged sword as those highly numerate individuals with lower incomes were particu-

larly dissatisfied. These relations held after controlling for education, verbal intelligence, age,

gender, and Big-Five personality factors. Further, our data support earlier findings that the

more educated are more satisfied when they have higher income rather than lower [24]. None-

theless, numeracy had a separable and independent effect over and above education. Because

numeracy and education are related, it is possible that previous studies may have conflated the

effect of numeracy as being due to education. Parsing out these differences can help to inform

about education’s relations with outcomes and also why those relations occur (e.g., through

numeric ability) [23–25]. These numeracy findings point towards a specific potential role for

numeric comparisons in how we judge our life situation that will vary by individual

differences.

Of great interest to us, in a model where numeracy, education, and verbal intelligence all

were allowed to moderate income’s influence, they all did so significantly. These findings can

be interpreted either as all three effects being due to a confounding variable, perhaps socioeco-

nomic status or general intelligence [5,7]. Alternatively, these effects may be explained by

numeracy, education, and verbal intelligence all having separate psychological or other influ-

ences. For example, greater numeracy may relate to people making more income comparisons

[25], whereas verbal intelligence and/or education may help people see new possibilities that
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lead to greater life expectations and therefore persistence [21]. Further studies are needed to

pinpoint these processes.

Implications exist, too, for the numeracy literature. Although the highly numerate are more

likely than the less numerate to compare numbers [10], the less numerate are capable of com-

paring numbers and can be motivated to do so [28]. Hence, the highly numerate appear to

have number-processing habits (perhaps due to chronically greater access to numeracy knowl-

edge structures [44]) that the less numerate do not share. These habits, in turn, appear to influ-

ence how they judge and decide. Although we cannot pinpoint how the process of income

comparison differs between those with higher and lower numeracy at this time, several possi-

ble mechanisms exist. For example, the highly numerate may develop stronger feelings about

their personal income by comparing it to those of others and then use this affect to guide eval-

uations [26]. Alternatively, the highly numerate may attend to, search for, or recall other

incomes better [45]. It is also possible that the less numerate did compare their incomes, but to

more proximal and familiar incomes among their family and friends whereas the highly

numerate made comparisons to a broader income set. Such thinking is consistent with the

highly numerate processing numeric problems more abstractly than the less numerate [46].

The lack of a relative income effect among the less numerate, however, suggests that they may

derive satisfaction using mechanisms other than income comparisons. Being able to recognize

and use such a process would be helpful, perhaps particularly for the highly numerate with

lower incomes. Further research is needed.

One important theoretical point is that improving a person’s numeracy likely will increase

satisfaction only if it is accompanied with an above-average income; if accompanied with

lower salaries, improved numeracy instead might lead to dissatisfaction [23]. Alternatively,

one could argue that it would be better if people only compared incomes when it was beneficial

to them; however, for the highly numerate, doing number comparisons seems almost auto-

mated [28]. If true, this speculation leaves open the possibility that increasing numeracy will

pose a particular problem for groups who have historically suffered from income inequality,

for example, women and minorities [47]. Thus, further exploration of the role of numeracy in

income (and income-satisfaction) inequality is warranted.

The predictive power of objective numeracy is particularly interesting relative to personality

factors, because numeracy can be improved in children and (with more effort) in adults

[48,49]. Formal education is thought to increase numeracy and, through it, to improve deci-

sion abilities and life outcomes [50]. Recent research also has demonstrated that state-man-

dated high school mathematics courses (but not personal finance courses) led to greater

investment income, better credit management, and fewer foreclosures [51]. Further, causal

effects exist. A 9-week longitudinal study among college students enhanced objective numer-

acy and financial literacy, in turn [48]. Thus, the present results suggest that taking steps to

improve objective numeracy may improve one’s life circumstances and satisfaction. In con-

trast, personality also has an association with both income and life satisfaction [52]. However,

personality is generally thought to be a stable trait, and, hence, changing it has less potential

for improving people’s lives.

The aim of this study was to investigate relations between income, objective numeracy, and

satisfaction in a large, diverse sample of Americans [30]. The relations in these data fit our the-

ory, and both hypotheses were supported. Nonetheless, we cannot make causal claims. Follow-

up studies are needed using experimental manipulations of numeracy and/or a longitudinal

design with multiple assessments of life satisfaction and objective numeracy. This latter study,

while worthwhile, would take years and possibly decades to complete. A related possibility

would be to engage with ongoing or past math-intervention studies and examine whether they

improved numeric ability and later financial outcomes and life satisfaction.
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We believe that being better at math is related to thinking about, interacting with, and view-

ing the world in new ways. Theoretical models of intelligence suggest that rational thinking

emerges from two or even three subsystems [53]. Based on these models and our data, it is

likely that objective numeracy captures several different psychological processes—some related

to earning higher incomes (e.g., skills that lead to better paying jobs), others related to viewing

one’s income differently (e.g., number comparisons) [54,55]. For instance the strong relative-

income effect among the highly numerate may reflect what has been called “serial associative

cognition” [53], a form of deliberative processing that is incomplete and fixated on a subset of

information. Future studies should try to identify and separate these psychological processes.

Hence, in-depth exploration is needed of why and when different cognitive abilities are impor-

tant to improved outcomes and satisfaction [2]. The present research points to objective

numeracy being especially important for life outcomes. However, further exploration also is

warranted of other cognitive and motivational factors related to number use (e.g., numeric

confidence and numeric magnitude mappings) and non-number use [10].

Moreover, we likely did not capture the upper or lower bounds of the numeracy-income

relation [10]. We used a relatively brief eight-item numeracy scale, and each level was associ-

ated with large income gains. A more detailed investigation of boundary conditions (where the

influence of numeracy tapers off) would make it possible to create a scale that better captures

both upper and lower levels of “functional” numeracy (i.e., the upper and lower boundaries of

numeracy within which being more or less numerate makes a difference) [34,45]. Finally,

objective numeracy has been linked to life outcomes other than income [26,40,50]. Future

studies should focus on health, wealth, and other resources that differ across individuals and

across the lifespan. For example, wealth (and therefore perhaps numeracy) can buffer against

declines in life satisfaction during stressful life events [56].

Conclusion

In closing, these findings are consistent with the importance of numeric intelligence to

income, income satisfaction, and life satisfaction [26]. The personal utility derived from

income for income satisfaction and life satisfaction appears highly dependent on numeric

intelligence, supporting the potential importance of numeric comparisons and the number-

comparison inclinations of the highly numerate [28]. Lastly, the results point towards novel

means by which people might improve their lives. In particular, because objective numeracy is

an acquired skill, education (especially in math) may create objective and subjective benefits

across the lifespan [48], however, the subjective benefits may accrue only to highly numerate

people with higher incomes.
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13. Del Missier F, Mäntylä T, Bruine de Bruin W. Decision-making Competence, Executive Functioning,

and General Cognitive Abilities. J Behav Decis Mak. 2012; 25: 331–351. https://doi.org/10.1002/bdm.

731

14. Charette MF, Meng R. The Determinants of Literacy and Numeracy, and the Effect of Literacy and

Numeracy on Labour Market Outcomes. Can J Econ Rev Can Econ. 1998; 31: 495–517. https://doi.org/

10.2307/136200

15. Kelly E, McGuinness S, O’Connell PJ, others. Literacy, Numeracy and Activation among the Unem-

ployed. Economic and Social Research Institute; 2012.

16. Banks J, Oldfield Z. Understanding Pensions: Cognitive Function, Numerical Ability and Retirement

Saving*. Fisc Stud. 2007; 28: 143–170. https://doi.org/10.1111/j.1475-5890.2007.00052.x

17. Kahneman D, Deaton A. High income improves evaluation of life but not emotional well-being. Proc Natl

Acad Sci. 2010; 107: 16489–16493. https://doi.org/10.1073/pnas.1011492107 PMID: 20823223

18. Diener E, Biswas-Diener R. Will Money Increase Subjective Well-Being? Soc Indic Res. 2002; 57: 119–

169. https://doi.org/10.1023/A1014411319119

19. Gardner J, Oswald AJ. Money and mental wellbeing: A longitudinal study of medium-sized lottery wins.

J Health Econ. 2007; 26: 49–60. https://doi.org/10.1016/j.jhealeco.2006.08.004 PMID: 16949692

20. Easterlin RA. Does Economic Growth Improve the Human Lot? Some Empirical Evidence. In: David

PA, Reder MWeditors. Nations and Households in Economic Growth. Academic Press; 1974. pp. 89–

125. https://doi.org/10.2307/2060471 PMID: 21279746

21. Kristoffersen I. Great expectations: Education and subjective wellbeing. J Econ Psychol. 2018; 66: 64–

78. https://doi.org/10.1016/j.joep.2018.04.005

22. Clark AE, Kamesaka A, Tamura T. Rising aspirations dampen satisfaction. Educ Econ. 2015; 23: 515–

531. https://doi.org/10.1080/09645292.2015.1042960

PLOS ONE Numeracy and satisfaction

PLOS ONE | https://doi.org/10.1371/journal.pone.0259331 November 24, 2021 16 / 18

https://doi.org/10.1007/s11205-017-1552-1_12
http://www.ncbi.nlm.nih.gov/pubmed/32214607
https://doi.org/10.1016/j.intell.2017.09.001
https://doi.org/10.1016/j.intell.2017.09.001
https://doi.org/10.1177/0956797618774253
http://www.ncbi.nlm.nih.gov/pubmed/29911926
https://doi.org/10.1093/ije/dyw093
https://doi.org/10.1093/ije/dyw093
http://www.ncbi.nlm.nih.gov/pubmed/27255438
https://doi.org/10.1177/0963721419827275
https://doi.org/10.1177/0956797610381506
http://www.ncbi.nlm.nih.gov/pubmed/20739672
https://doi.org/10.1073/pnas.1903126116
http://www.ncbi.nlm.nih.gov/pubmed/31501338
https://doi.org/10.1037/pspp0000019
http://www.ncbi.nlm.nih.gov/pubmed/25285966
https://doi.org/10.1037/a0017327
http://www.ncbi.nlm.nih.gov/pubmed/19883143
https://doi.org/10.1002/bdm.731
https://doi.org/10.1002/bdm.731
https://doi.org/10.2307/136200
https://doi.org/10.2307/136200
https://doi.org/10.1111/j.1475-5890.2007.00052.x
https://doi.org/10.1073/pnas.1011492107
http://www.ncbi.nlm.nih.gov/pubmed/20823223
https://doi.org/10.1023/A1014411319119
https://doi.org/10.1016/j.jhealeco.2006.08.004
http://www.ncbi.nlm.nih.gov/pubmed/16949692
https://doi.org/10.2307/2060471
http://www.ncbi.nlm.nih.gov/pubmed/21279746
https://doi.org/10.1016/j.joep.2018.04.005
https://doi.org/10.1080/09645292.2015.1042960
https://doi.org/10.1371/journal.pone.0259331


23. Clark AE, Oswald AJ. Satisfaction and comparison income. J Public Econ. 1996; 61: 359–381. https://

doi.org/10.1016/0047-2727(95)01564-7

24. Clark AE, Frijters P, Shields MA. Relative Income, Happiness, and Utility: An Explanation for the Easter-

lin Paradox and Other Puzzles. J Econ Lit. 2008; 46: 95–144. https://doi.org/10.1257/jel.46.1.95

25. Boyce CJ, Brown GDA, Moore SC. Money and Happiness: Rank of Income, Not Income, Affects Life

Satisfaction. Psychol Sci. 2010; 21: 471–475. https://doi.org/10.1177/0956797610362671 PMID:

20424085

26. Peters E, Västfjäll D, Slovic P, Mertz CK, Mazzocco K, Dickert S. Numeracy and Decision Making. Psy-

chol Sci. 2006; 17: 407–413. https://doi.org/10.1111/j.1467-9280.2006.01720.x PMID: 16683928

27. Petrova DG, Pligt J van der, Garcia-Retamero R. Feeling the Numbers: On the Interplay Between Risk,

Affect, and Numeracy. J Behav Decis Mak. 2014; 27: 191–199. https://doi.org/10.1002/bdm.1803

28. Peters E, Fennema MG, Tiede KE. The loss-bet paradox: Actuaries, accountants, and other numerate

people rate numerically inferior gambles as superior. J Behav Decis Mak. 2019; 32: 15–29. https://doi.

org/10.1002/bdm.2085 PMID: 32313368

29. Fagerlin A, Zikmund-Fisher BJ, Ubel PA. How making a risk estimate can change the feel of that risk:

shifting attitudes toward breast cancer risk in a general public survey. Patient Educ Couns. 2005; 57:

294–299. https://doi.org/10.1016/j.pec.2004.08.007 PMID: 15893211

30. Alattar L, Messel M, Rogofsky D. An Introduction to the Understanding America Study Internet Panel.

Soc Secur Adm Res Stat Policy Anal. 2018; 78: 13–28.

31. George LK. Economic status and subjective well-being: A review of the literature and an agenda for

future research. In: Cutler NE, Gregg DW, Lawton MP, editors. Aging, money, and life satisfaction:

Aspects of financial gerontology. New York, NY, US: Springer Publishing Company; 1992. pp. 69–99.

32. Frijters P, Beatton T. The mystery of the U-shaped relationship between happiness and age. J Econ

Behav Organ. 2012; 82: 525–542. https://doi.org/10.1016/j.jebo.2012.03.008

33. Mõttus R, Realo A, Vainik U, Allik J, Esko T. Educational Attainment and Personality Are Genetically

Intertwined. Psychol Sci. 2017; 28: 1631–1639. https://doi.org/10.1177/0956797617719083 PMID:

28910230

34. Weller JA, Dieckmann NF, Tusler M, Mertz CK, Burns WJ, Peters E. Development and Testing of an

Abbreviated Numeracy Scale: A Rasch Analysis Approach. J Behav Decis Mak. 2013; 26: 198–212.

https://doi.org/10.1002/bdm.1751 PMID: 32313367

35. Horn JL. Organization of abilities and the development of intelligence. Psychol Rev. 1968; 75: 242–259.

https://doi.org/10.1037/h0025662 PMID: 4875815

36. Diener E, Oishi S, Lucas RE. Personality, Culture, and Subjective Well-Being: Emotional and Cognitive

Evaluations of Life. Annu Rev Psychol. 2003; 54: 403–425. https://doi.org/10.1146/annurev.psych.54.

101601.145056 PMID: 12172000

37. Rosseel Y. lavaan: An R Package for Structural Equation Modeling. J Stat Softw. 2012; 48: 1–36.

https://doi.org/10.18637/jss.v048.i02

38. Preacher KJ, Hayes AF. Asymptotic and resampling strategies for assessing and comparing indirect

effects in multiple mediator models. Behav Res Methods. 2008; 40: 879–891. https://doi.org/10.3758/

brm.40.3.879 PMID: 18697684

39. Kenny DA, Judd CM. Power Anomalies in Testing Mediation. Psychol Sci. 2014; 25: 334–339. https://

doi.org/10.1177/0956797613502676 PMID: 24311476

40. Estrada-Mejia C, de Vries M, Zeelenberg M. Numeracy and wealth. J Econ Psychol. 2016; 54: 53–63.

https://doi.org/10.1016/j.joep.2016.02.011

41. Reder S, Bynner J. Tracking Adult Literacy and Numeracy Skills: Findings from Longitudinal Research.

Routledge; 2008.

42. Ali A, Ambler G, Strydom A, Rai D, Cooper C, McManus S, et al. The relationship between happiness

and intelligent quotient: the contribution of socio-economic and clinical factors. Psychol Med. 2013; 43:

1303–1312. https://doi.org/10.1017/S0033291712002139 PMID: 22998852

43. Powdthavee N, Lekfuangfu WN, Wooden M. What’s the good of education on our overall quality of life?

A simultaneous equation model of education and life satisfaction for Australia. J Behav Exp Econ. 2015;

54: 10–21. https://doi.org/10.1016/j.socec.2014.11.002 PMID: 28713668

44. Srull TK, Wyer RS. The role of category accessibility in the interpretation of information about persons:

Some determinants and implications. J Pers Soc Psychol. 1979; 37: 1660–1672. https://doi.org/10.

1037/0022-3514.37.10.1660

45. Peters E. Innumeracy in the Wild: Misunderstanding and Misusing Numbers. First Edition. Oxford,

New York: Oxford University Press; 2020.

PLOS ONE Numeracy and satisfaction

PLOS ONE | https://doi.org/10.1371/journal.pone.0259331 November 24, 2021 17 / 18

https://doi.org/10.1016/0047-2727%2895%2901564-7
https://doi.org/10.1016/0047-2727%2895%2901564-7
https://doi.org/10.1257/jel.46.1.95
https://doi.org/10.1177/0956797610362671
http://www.ncbi.nlm.nih.gov/pubmed/20424085
https://doi.org/10.1111/j.1467-9280.2006.01720.x
http://www.ncbi.nlm.nih.gov/pubmed/16683928
https://doi.org/10.1002/bdm.1803
https://doi.org/10.1002/bdm.2085
https://doi.org/10.1002/bdm.2085
http://www.ncbi.nlm.nih.gov/pubmed/32313368
https://doi.org/10.1016/j.pec.2004.08.007
http://www.ncbi.nlm.nih.gov/pubmed/15893211
https://doi.org/10.1016/j.jebo.2012.03.008
https://doi.org/10.1177/0956797617719083
http://www.ncbi.nlm.nih.gov/pubmed/28910230
https://doi.org/10.1002/bdm.1751
http://www.ncbi.nlm.nih.gov/pubmed/32313367
https://doi.org/10.1037/h0025662
http://www.ncbi.nlm.nih.gov/pubmed/4875815
https://doi.org/10.1146/annurev.psych.54.101601.145056
https://doi.org/10.1146/annurev.psych.54.101601.145056
http://www.ncbi.nlm.nih.gov/pubmed/12172000
https://doi.org/10.18637/jss.v048.i02
https://doi.org/10.3758/brm.40.3.879
https://doi.org/10.3758/brm.40.3.879
http://www.ncbi.nlm.nih.gov/pubmed/18697684
https://doi.org/10.1177/0956797613502676
https://doi.org/10.1177/0956797613502676
http://www.ncbi.nlm.nih.gov/pubmed/24311476
https://doi.org/10.1016/j.joep.2016.02.011
https://doi.org/10.1017/S0033291712002139
http://www.ncbi.nlm.nih.gov/pubmed/22998852
https://doi.org/10.1016/j.socec.2014.11.002
http://www.ncbi.nlm.nih.gov/pubmed/28713668
https://doi.org/10.1037/0022-3514.37.10.1660
https://doi.org/10.1037/0022-3514.37.10.1660
https://doi.org/10.1371/journal.pone.0259331


46. Schley DR, Fujita K. Seeing the Math in the Story: On How Abstraction Promotes Performance on

Mathematical Word Problems. Soc Psychol Personal Sci. 2014; 5: 953–961. https://doi.org/10.1177/

1948550614539519

47. Oishi S, Kesebir S, Diener E. Income Inequality and Happiness. Psychol Sci. 2011; 22: 1095–1100.

https://doi.org/10.1177/0956797611417262 PMID: 21841151

48. Peters E, Shoots-Reinhard B, Tompkins MK, Schley D, Meilleur L, Sinayev A, et al. Improving numer-

acy through values affirmation enhances decision and STEM outcomes. PLOS ONE. 2017; 12:

e0180674. https://doi.org/10.1371/journal.pone.0180674 PMID: 28704410

49. Chesney D, Shoots-Reinhard B, Peters E. The causal impact of numeracy on normative judgments:

Improving numeracy via symbolic and non-symbolic arithmetic practice improves risky judgments. J

Numer Cogn JNC. in press.

50. Dieckmann N, Peters E, Leon J, Benavides M, P Baker D, Norris A. The role of objective numeracy and

fluid intelligence in sex-related protective behaviors. Curr HIV Res. 2015; 13: 337–346. https://doi.org/

10.2174/1570162x13666150511123841 PMID: 26149157

51. Brown M, Grigsby J, van der Klaauw W, Wen J, Zafar B. Financial Education and the Debt Behavior of

the Young. Rev Financ Stud. 2016; 29: 2490–2522. https://doi.org/10.1093/rfs/hhw006

52. Proto E, Rustichini A. Life satisfaction, income and personality. J Econ Psychol. 2015; 48: 17–32.

https://doi.org/10.1016/j.joep.2015.02.001

53. Stanovich KE. Distinguishing the reflective, algorithmic, and autonomous minds: Is it time for a tri-pro-

cess theory? In two minds: Dual processes and beyond. New York, NY, US: Oxford University Press;

2009. pp. 55–88. https://doi.org/10.1177/0022219409339063 PMID: 19525477

54. Jacoby J, Sassenberg K. It takes four to tango: Why a variable cannot be a mediator and a moderator at

the same time. Unpubl Manuscr. 2010.

55. Karazsia BT, Berlin KS. Can a Mediator Moderate? Considering the Role of Time and Change in the

Mediator-Moderator Distinction. Behav Ther. 2018; 49: 12–20. https://doi.org/10.1016/j.beth.2017.10.

001 PMID: 29405917

56. Smith DM, Langa KM, Kabeto MU, Ubel PA. Health, Wealth, and Happiness: Financial Resources

Buffer Subjective Well-Being After the Onset of a Disability. Psychol Sci. 2005; 16: 663–666. https://doi.

org/10.1111/j.1467-9280.2005.01592.x PMID: 16137249

PLOS ONE Numeracy and satisfaction

PLOS ONE | https://doi.org/10.1371/journal.pone.0259331 November 24, 2021 18 / 18

https://doi.org/10.1177/1948550614539519
https://doi.org/10.1177/1948550614539519
https://doi.org/10.1177/0956797611417262
http://www.ncbi.nlm.nih.gov/pubmed/21841151
https://doi.org/10.1371/journal.pone.0180674
http://www.ncbi.nlm.nih.gov/pubmed/28704410
https://doi.org/10.2174/1570162x13666150511123841
https://doi.org/10.2174/1570162x13666150511123841
http://www.ncbi.nlm.nih.gov/pubmed/26149157
https://doi.org/10.1093/rfs/hhw006
https://doi.org/10.1016/j.joep.2015.02.001
https://doi.org/10.1177/0022219409339063
http://www.ncbi.nlm.nih.gov/pubmed/19525477
https://doi.org/10.1016/j.beth.2017.10.001
https://doi.org/10.1016/j.beth.2017.10.001
http://www.ncbi.nlm.nih.gov/pubmed/29405917
https://doi.org/10.1111/j.1467-9280.2005.01592.x
https://doi.org/10.1111/j.1467-9280.2005.01592.x
http://www.ncbi.nlm.nih.gov/pubmed/16137249
https://doi.org/10.1371/journal.pone.0259331

