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Abstract

Numeracy refers to the ability to use numbers, including converting percentages (e.g., 10%)
into absolute frequencies (e.g., 1in 10). Studies have suggested that numeracy is correlated
to financial outcomes, suggesting its relevance to financial decisions. However, almost all
research on numeracy has been conducted in high-income countries in Europe and North
America. Our analyses suggest that low numeracy is much more common in low-income
countries, thus potentially threatening the financial well-being of the world’s poorest. We
analyzed data from the Lloyd’s Register Foundation World Risk Poll, which assessed basic
numeracy in 141 countries, including 21 low-income, 34 lower middle income, 43 upper mid-
dle income, and 43 high-income countries. Numeracy was associated with being among the
poorest 20% of one’s country, and with difficulty living on one’s income, even after account-
ing for income, education, and demographics. These findings underscore the importance of
worldwide numeracy education.

Introduction

Numeracy refers to the ability to understand and use numbers [1]. Basic numeracy involves
understanding how to convert simple percentages into frequencies, or recognizing that 10% is
the same as 1 in 10 [2]. People are said to have “low numeracy” when they give an incorrect or
no answer to such basic numerical problems. One study found that more than 30% of partici-
pants in the United States and Germany were unable to provide a correct answer to numeracy
questions, though Germans did slightly better [3].

The Organisation for Economic Coordination and Development (OECD) [2] posits that
numeracy is needed “to engage in and manage the mathematical demands of a range of situa-
tions in adult life.” Low numeracy can undermine people’s ability, confidence, and motivation
to engage with numerical tasks [4-7]. Even after accounting for intelligence, low numeracy has
been related to performing worse on decisions that involve numerical risks [8], even after
accounting for intelligence [9]. Perhaps as a result, a Romanian study found that bankers with
low numeracy have worse job performance [10].

There is ample evidence that low numeracy is associated with low income. Adults with low
numeracy often have fewer employment opportunities and end up in lower paying jobs,
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according to national data from the United Kingdom [11]. A study in Australia suggested that
lower education is associated with less numeracy and literacy, which in turn is associated with
unemployment [12]. High-school graduates in Denmark who have not taken a math class
report making less as compared to their peers who did take a math class [13]. In the United
States, the Netherlands, and United Kingdom, people with low numeracy tend to report lower
income and less wealth accumulation, even after accounting for education [6, 11, 14-16]. A
Peruvian study also found that lower numeracy was associated with less wealth, assessed in
terms of asset ownership (e.g., owning a fridge) and housing characteristics (e.g., toilet facili-
ties.) [17].

Several studies from the United States also suggest that low numeracy may contribute to
financial difficulties, independent of one’s income. Low-numerate adults are more likely to
make actual financial mistakes, according to an analysis of consumer data that controlled for
income [18]. Low numeracy has also been associated with taking on high-interest loans, failing
to pay credit cards in full, and defaulting on mortgages, independent of income [19, 20].
Another study from the United States found that only 35% of participants had sufficient
numeracy to correctly identify when a debt could never be paid off, after being told the amount
owed on a credit card, the annual percentage rate, and monthly payments [21]. Additionally,
community-dwelling older Americans with low numeracy may also be at greater risk of finan-
cial elder exploitation than their peers with high numeracy [22].

One main limitation of research on numeracy is that almost all studies have been conducted
in countries in Europe and North America, which the World Bank has classified as high-
income countries [23]. In high-income countries, lower educational attainment has been asso-
ciated with low numeracy [2]. This raises a concern about the numeracy skills of people in
low-income countries, who tend to go to school about half as many years as people in high-
income countries [24]. Yet, numeracy may be more important to people in low-income coun-
tries, because they have to get by on a lot less money than in high-income countries. According
to the World Bank’s classification, low-income countries are nations that have a per capita
Gross National Income (GNI) of less than $1,026 [23]. By comparison, high-income countries
have a GNI of more than $12,375 [23]. The middle income countries fall in between, with
upper middle income countries having a GNI of $3,996-$12,375 and lower middle income
countries having a GNI of $1,026-$3,995 [23].

The few country-comparisons that have been conducted have also been limited to high-
income countries. The largest international comparison of numeracy ability was conducted
through the OECD’s Survey of Adult Skills [2], but it was still limited to 39 countries that were
mostly in the World Bank’s [23] high-income category. The study found that low numeracy
skills affected 20% of participants aged 16-65 across the 39 participating countries [2]. It was
as high as 50% in the few participating countries that were in the World Bank’s [23] upper
middle income category, including Ecuador, Mexico and Peru. It may be even higher in coun-
tries from the World Bank’s [23] low-income and lower middle income category, which were
missing from the OECD’s international comparison [2].

The current paper

The current paper presents secondary analyses of the 2019 Lloyd’s Register Foundation World
Risk Poll, which assessed the basic numeracy skills of more than 150,000 participants in 141
countries around the world, including 21 low-income countries, 34 lower-middle income
countries, 43 upper-middle income countries, and 43 high-income countries [25].

Participants were asked a basic numeracy question: “Do you think that 10% is bigger than 1
out of 10, smaller than 1 out of 10, or the same as 1 out of 10?” The data were analyzed to assess
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(1) whether the percent of people with low numeracy differs between low-income, lower mid-
dle income, higher middle income and high-income countries; (2) whether low numeracy is
associated with being among the poorest 20% of people in a country; (3) whether low numer-
acy is associated with difficulty making ends meet, even when accounting for income.

Materials and methods
Sample

The 2019 Lloyd’s Register Foundation World Risk Poll was conducted by Gallup and its local
vendors [25]. The ethics committee at Gallup approved the survey, which complied with all
ethical regulations. Numeracy was assessed among 153,165 participants in 141 countries and
territories. According to the World Bank’s country classification [23], this sample included 21
low-income countries with a per capita gross national income (GNI) of less than $1,026, 34
lower middle income with GNI of $1,026-$3,995, 43 upper middle income countries with GNI
of $3,996-$12,375, and 43 high-income countries with GNI of more than $12,375. Numeracy
assessments were missing for high-income country Kuwait.

A national probability-based sample of approximately 1,000 people aged 15 or older was
interviewed in each country or territory. Sample sizes were larger in China (N = 3709), India
(N =3,377), and Russia (N = 2,168) due to their large populations, and smaller in Jamaica
(N =501), due to its smaller population size. Participant characteristics appear in S1 Table.
The data are publicly available from the UK Data Service, including a detailed description of
the methodology (http://doi.org/10.5255/UKDA-SN-8739-1). Initial results were published in
areport by Lloyd’s Register Foundation and Gallup [25].

Gallup used face-to-face interviews in 108 of the 141 countries, including all of the low-
income countries, all of the lower-middle income countries, 40 of the 43 upper-middle income
countries, and 13 of the 43 high-income countries. In Central and Eastern Europe, much of
Latin America, former Soviet states, nearly all of Asia and the Middle East and Africa, Gallup
used an area frame design for face-to-face interviewing. The coverage area is the entire coun-
try, including rural areas, and the sampling frame represents the entire non-institutionalized
civilian population aged 15 and older. Sampling was stratified by population size and/or geog-
raphy. Exceptions were made for areas that posed threats to the safety of interviewing staff, or
scarcely populated islands that could only be reached by foot, animal or small boat.

Gallup conducted telephone surveys in 33 of the 141 countries and territories, where tele-
phone coverage represents at least 80% of the population or is the customary survey methodol-
ogy. This included 3 upper-middle income countries and 30 high-income countries. In those
countries, sampling was based on probabilities proportional to population size. If such popula-
tion statistics were unavailable, random sampling was used.

At least 30% of completed face-to-face interviews were validated using accompanied inter-
views, in-person re-contacts or telephone re-contacts. At least 15% of completed telephone
interviews were validated by either listening to interviews live or listening to recorded
interviews.

Questions

Survey questions were asked in participants’ local language. They were translated into the
major conversational languages of each country or territory, either through two independent
translations or translation-backtranslation.

Numeracy. Participants were asked a basic numeracy question, performance on which is
correlated with widely used multi-item numeracy measures [9]: “Do you think that 10% is big-
ger than 1 out of 10, smaller than 1 out of 10, or the same as 1 out of 10?” They were explicitly
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told that they could choose to skip the question: “If you do not know, please say so.” Respond-
ing that 10% is the same as 1 out of 10 was the correct answer. Low numeracy was defined as
failing to provide that correct answer, either by stating that 10% is bigger or smaller than 1 out
of 10, or giving no answer. Indeed, skipping the question has previously been counted as an
incorrect response [4, 6].

Financial well-being. Interviewers asked participants about their monthly income before
taxes in the currency of participants’ country of residence. To make the income variable com-
parable between countries and useful for global analyses, Gallup computed five similarly sized
income categories for each country. These so-called “income quintiles” reflected whether each
participant was among the 20% poorest people in their country, the 20% richest people in their
country, or three income categories in between. A detailed description of this computation is
publicly available (http://doi.org/10.5255/UKDA-SN-8739-1). Interviewers also asked partici-
pants “Which one of these phrases comes closest to your own feelings about your household’s
income these days?”. Responses included whether “living comfortably on present income,”
“getting by on present income,” “finding it difficult on present income” and “finding it very
difficult on present income.”

Demographic variables. Demographic and control variables included participants’” edu-
cation, age, and gender, because low numeracy has previously been associated with lower levels
of education, female gender, and older age [4, 26]. The question about educational attainment
referred to educational categories in each country, which reflected equivalency to having com-
pleted college, high school, or up to elementary school.

Analyses

Analyses were conducted in SPSS version 26. Each research question was answered by con-
ducting two analyses on the World Risk Poll dataset. The first analysis treated numeracy as a
binary variable, with all participants who failed to give a correct answer being treated as having
low numeracy, independent of whether they gave either of the two incorrect answers or no
answer at all. The second analysis separately considered whether the participants who failed to
provide the correct answer instead gave one of the two incorrect answers, or no answer at all.
These analyses were multilevel models that treated participants as nested within countries,
using random intercepts for each country. They controlled for education (with dummies for
whether or not participants had completed up to elementary school and high school), gender,
and age. Age was divided by 10, thus reflecting decades rather than years, so that the associated
odds ratios would be large enough to interpret. Interview mode was not included as a control
variable, because it only varied in upper-middle income countries and high-income countries,
and was therefore confounded with country income category (S1 Table). We did include inter-
view mode in separate analyses for upper-middle income countries and high-income coun-
tries, but doing so did not affect overall conclusions (52-S5 Tables). P-values below 0.05 were
treated as significant. Exact p-values were provided for all values greater than or equal to 0.01.
P-values less than 0.01 were referred to as p < .01 or p < 0.001 depending on which applied.
Our first research question asked whether the percent of people with low numeracy differed
by World Bank country income category. To answer this research question, we conducted a
multilevel binary logistic regression (Table 1; Model 1A) predicting low numeracy or failing to
provide a correct answer to the basic numeracy question (vs. not). We also conducted a multi-
level multinomial regression (Table 1; Model 1B) which separately considered whether partici-
pants who failed to provide a correct answer gave either of the two incorrect answers or no
answer at all (vs. not). Predictor variables were dummy variables that reflected whether or not
participants were recruited from a low income country, lower middle income country, or
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Table 1. Odds ratios (95% confidence interval) from multilevel models predicting low numeracy.

Model 1A: Incorrect or no answer (vs. | Model 1B: 10% is bigger than 1in 10 (vs. | Model 1B: | Model 1B: No answer (vs.
correct answer)? correct answer) 10% is correct answer)
smaller
than 1 in
10 (vs.
correct
answer)
World Bank country income categories
Low-income (vs. high-income) | 5.47*** 7.69%** 3.22%%* 5.61%**
(3.98,7.50) (5.22,11.32) (2.36, (3.83,8.21)
4.40)
p<0.001 p<0.001 p<0.001 p<0.001
Lower middle income (vs. 3.54%%* 3.98%** 2.44*%* 3.78%**
high-income) (2.57,4.88) (2.89,5.47) (1.87, (2.54,5.63)
3.17)
p<0.001 p<0.001 p<0.001 p<0.001
Upper middle income (vs. 2.34"** 2.51"** 1.77%** 2.46°**
high-income) (1.70,3.22) (1.79,3.53) (1.39, (1.65, 3.67)
2.24)
p<0.001 p<0.001 p<0.001 p<0.001
Demographic variables
Up to elementary school (vs 4.30"** 227 2.09°** 6.47°**
college) (3.58,5.17) (1.80,2.85) (1.54, (5.07, 8.26)
2.83)
p<0.001 p<0.001 p<0.001 $<0.001
High school (vs. college) 2.11%%* 1.61°** 1.27* 2.78***
(1.73, 2.56) (1.28, 2.03) (1.01, (2.24, 3.44)
1.60)
p<0.001 p<0.001 p =004 p<0.001
Female (vs. male) 1.31%** 1.03 1.20 1.44***
(1.16, 1.48) (.88, 1.19) (.99, 1.47) (1.27, 1.63)
p<0.001 p=075 p=007 p<0.001
Age (divided by 10) 1.16"** 1.10"** 1.09*** 1.19**
(1.07, 1.26) (1.05, 1.16) (1.05, (1.07. 1.32)
1.13)
p<0.001 p<0.001 p<0.001 p=0.002
N 151,712 151,712
Fixed effects ANOVA F(7,151704) = 122.47*** F(21, 151688) = 118.34***
AIC 5,350,468,634 15,998,386,296
BIC 5,350,468,644 15,998,386,326

*Low numeracy was defined as failing to provide a correct answer to the basic numeracy question, and giving one of the incorrect answers or no answer instead. P-

values significant at ***p<0.001, **p<0.001, and *p<0.05. Model 1A represents multilevel logistic regression, Model 1B represents multilevel multinomial regression.

Model fit was better for Model 1A than for Model 1B, seen in lower values of AIC = Akaike Information Criterion, corrected and BIC = Bayesian Information Criterion.

According to the World Bank’s classification, low-income countries have a per capita gross national income of less than $1,026, lower middle income countries of
$1,026-$3,995, upper middle income countries of $3,996-$12,375, and high-income countries of more than $12,375 [23].

https://doi.org/10.1371/journal.pone.0260378.t001

upper middle income country (vs. not), thus using high-income country as the comparison

category.

Our second research question asked whether participants with low numeracy were more
likely to be among the poorest 20% of people in a country. To answer this research question,
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we conducted two multilevel logistic regressions predicting whether or not participants were
among the poorest 20% in their country of residence. Model 2A (Table 2) predicted this
dependent variable from low numeracy or failing to provide a correct answer to the basic
numeracy question (vs. not), and Model 2B (Table 2) predicted this dependent variable from
whether or not participants gave either of the two incorrect answers or no answer to the basic
numeracy question (vs. not).

Our third research question asked whether low numeracy was associated with difficulty
making ends meet, even when accounting for income. To answer this research question, we
conducted two multi-level logistic regressions predicting whether or not participants had
reported having difficulty living on their income. Model 3A (Table 2) predicted this dependent
variable from low numeracy or failing to provide a correct answer to the basic numeracy ques-
tion (vs. not), and Model 3B (Table 2) predicted this dependent variable from whether or not
participants gave either of the two incorrect answers or no answer at all (vs. not). In addition
to demographic variables, models 3A and 3B controlled for whether participants were among
the poorest 20% (vs. richest 20%) in their country of residence, or whether they were in higher
income quintiles (vs. richest 20%).

For all research questions, the Supplemental Materials show the results of the first model
(Model 1A, 2A, and 3A), separately for each country income category (S2-S5 Tables). For the
second and third research questions, the Supplemental Materials show analogous linear regres-
sion models that instead treated each dependent variable as a continuous variable, which did
not affect the overall conclusions (Models 2C-D, Model 3C-D, S5 Table).

Results

Numeracy by country income category and demographic variables

Low numeracy, or failing to provide a correct answer to the basic numeracy question, varied
from 76% in low-income countries and 73% in lower-middle income countries to 58% in
upper-middle income countries and 32% in high-income countries (Fig 1). The percentage of
low-numerate participants for each country is presented in S6 Table.

The percent of participants reporting a university degree varied by country income cate-
gory, being 2% in low-income countries, 6% in lower middle income countries, 13% in upper
middle income countries, and 28% in high-income countries (S1 Table). Yet, a multilevel
logistic regression showed that differences in low numeracy by country income category held
even after accounting for participants’ educational attainment and demographic characteris-
tics (Table 1, Model 1A). Compared to participants from high-income countries, participants
from low-income countries had about five times the odds of low numeracy, as seen in failing
to provide the correct answer (vs. not) in response to the basic numeracy question (Table 1,
Model 1).

Numeracy also tended to be lower among participants who reported lower levels of educa-
tion, female gender, and older age, in models focused on 141 countries from across the world
(Table 1) and on each country income category (S2 Table). Yet, living in a low-income country
had the strongest association with low numeracy, as compared to lower education, older age,
and female gender (Table 1, Model 1A). An examination of descriptive statistics further under-
scores the strong relationship between county income category and numeracy. For example,
participants in high-income countries who had at most an elementary school education out-
performed high-school graduates in countries in lower income categories, and performed on
average about as well as university graduates in low-income countries (Fig 2A). As a second
example, people aged 70+ from high-income countries on average outperformed participants
of all ages from countries in lower income categories (Fig 2B). As a third example, women in
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Table 2. Odds ratios (95% confidence interval) from multilevel models predicting being among poorest 20% in country and reporting difficulty living on income.

Being among poorest 20%

Difficulty living on income

Model 2A Model 2B Model 3A Model 3B
Low numeracy
Incorrect or no answer (vs correct answer) 1.70%** - 1.19%** -
(1.33,2.16) (1.07,1.32)
p<0.001 p<0.001
10% is bigger than 1 in 10 (vs. correct answer) - 1.45*** - 1.03
(1.20, 1.76) (0.91, 1.29)
p<0.001 =069
10% is smaller than 1 in 10 (vs correct answer) - 1.43%** - 1.09
(1.25,1.63) (091, 1.29)
p<0.001 p=036
No answer (vs. correct answer) - 1.83*** - 1.26%**
(1.39, 2.41) (1.11, 1.42)
p<0.001 p<0.001
Demographic and control variables
Poorest 20% (vs. richest 20%) - - 6.59%** 6.53""*
(4.85, 8.95) (4.79, 8.89)
p<0.001 p<0.001
Second income quintile (vs. richest 20%) - - 437 4,35
(3.72,5.13) (3.71, 5.09)
p<0.001 p<0.001
Third income quintile (vs. richest 20%) - - 2.73%%* 2.727%*
(2.22,3.37) (2.22,3.33)
p<0.001 p<0.001
Fourth income quintile (vs. richest 20%) - - 1.85%** 1.84%**
(1.60, 2.14) (1.60, 2.11)
p<0.001 p<0.001
Up to elementary school (vs. college) 5.54*** 5.41%%* 2.32%** 2.28%**
(4.35, 7.06) (4.29, 6.83) (1.98,2.71) (1.97, 2.64)
p<0.001 p<0.001 p<0.001 p<0.001
High school (vs. college) 2217 2.19%** 1.54*** 1.53***
(1.77,2.76) (1.76,2.72) (1.39,1.71) (1.39, 1.69)
<0.001 p<0.001 p<0.001 p<0.001
Female (vs. male) 1.17* 1.16 0.96 0.95
(1.01, 1.36) (.99, 1.35) (0.90, 1.02) (0.89, 1.01)
p=0.04 p=0.06 p=0.17 p=0.13
Age (divided by 10) 0.96 0.96 1.04 1.04
(0.87, 1.06) (0.87, 1.05) (0.99, 1.10) (0.99, 1.10)
p=0.40 p=035 p=013 p=0.16
World Bank country income categories
Low-income (vs. high-income) 0.38*** 0.38*** 7.08%** 7.11%%*
(0.33, 0.45) (0.33,0.45) (4.83,10.38) (4.85,10.42)
p<0.001 p<0.001 p<0.001 p<0.001
Lower middle income (vs. high-income) 0.52%** 0.52%** 3.97*** 3.96"**
(0.45, 0.60) (0.44, 0.60) (2.78, 5.68) (2.77,5.68)
<0.001 p<0.001 p<0.001 p<0.001
(Continued)
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Table 2. (Continued)

Upper middle income (vs. high-income)

N

Fixed effects ANOVA

AIC
BIC

Being among poorest 20% Difficulty living on income

Model 2A Model 2B Model 3A Model 3B
0.64"+* 0.64*** 2.66"+* 2.65%+*

(0.57,0.72) (0.57,0.72) (1.96, 3.60) (1.96, 3.60)

p<0.001 p<0.001 p<0.001 p<0.001

150,634 150,634 147,544 147,544
F(8, F(10, F(12, F(14,
150625) = 63.05"** 150623) = 65.28"** 147531) = 162.38*** 147529) = 167.43***
5,273,073,545 5,269,643,121 5,109,159,082 5,107,120,796
5,273,073,555 5,269,643,131 5,109,159,092 5,107,120,806

P-values significant at ***p<0.001, **p<0.001, and *p<0.05. Models represents multilevel logistic regression. Model fit was better for Model 2B than for Model 2A and

for Model 3B than for Model 3A, seen in lower values of AIC = Akaike Information Criterion, corrected and BIC = Bayesian Information Criterion. According to the

World Bank classification, low-income countries have a per capita gross national income of less than $1,026, lower middle income countries of $1,026-$3,995, upper

middle income countries of $3,996-$12,375, and high-income countries of more than $12,375 [23]. Gallup computed income quintiles for each country, or five similarly

sized income categories, include the 20% poorest people in their country, the 20% richest people in their country, and three income categories in between.

https://doi.org/10.1371/journal.pone.0260378.t002

high-income countries on average outperformed men and women in countries from lower
income categories (Fig 2C).

Next, we further inspect the types of responses given by the 60% low-numerate participants
who failed to accurately indicate that 10% was the same as 1 in 10. A majority declined to give
an answer at all (42% of all participants), with the remainder stating that 10% was smaller than
1 in 10 (9% of all participants), or that 10% was bigger than 1 in 10 (9% of all participants). In
each country income category, the latter two types of incorrect answers were similarly com-
mon (Fig 1). More importantly, in low-income countries, each type of incorrect answer was at

80%

60%

40%

20%

0%
Low-income Lower-middle Upper-middle High-income
country income country income country country

B No answer OBigger 0OSmaller

Fig 1. Percent of low-numerate participants by country income category. Note: According to the World Bank’s
classification, low-income countries have a per capita gross national income of less than $1,026, lower middle income
countries of $1,026-$3,995, upper middle income countries of $3,996-$12,375, and high-income countries of more
than $12,375 [23].

https://doi.org/10.1371/journal.pone.0260378.g001
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Fig 2. Percent of low-numerate participants by country income category and (A) educational attainment; (B) age
and (C) gender. Note: According to the World Bank’s classification, low-income countries have a per capita gross
national income of less than $1,026, lower middle income countries of $1,026-$3,995, upper middle income countries
of $3,996-$12,375, and high-income countries of more than $12,375 [23].

https://doi.org/10.1371/journal.pone.0260378.9002

least about twice as common as compared to high-income countries (Fig 1). For example, stat-
ing that 10% was bigger than 1 in 10 was observed among 15% of participants in low-income
countries and 7% in high-income countries, stating that 10% was smaller than 1 in 10 was
observed among 11% of participants in low-come countries and 6% of participants in high-
income countries, and skipping the numeracy question was observed among 50% of
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participants in low-income countries and 19% of participants in high-income countries. A
multinomial regression showed that these differences held even after accounting for partici-
pants’ demographic characteristics (Table 1, Model 1B).

Relationship between low numeracy and low income

The second set of analyses suggested that participants with low numeracy were more likely to
be among the poorest 20% of people in their country of residence (Fig 3A). Around the world,
24% of participants with low numeracy reported income levels in the lowest quintile for their
country of residence, while this was the case for 14% of participants who did answer the basic

(A)
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20% ﬂ ﬂ

v A Hm Fle Fm
Low-income Lower-middle Upper-middle High-income

country income income country
country country
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(B)
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country income income country
country country

Percent of participants

B Low numeracy OBasic numeracy

Fig 3. Percent of participants with low numeracy (vs. not) who reported (A) being among the poorest 20% in their
country and (B) having difficulty living off their income. Note: According to the World Bank’s classification, low-
income countries have a per capita gross national income of less than $1,026, lower middle income countries of
$1,026-$3,995, upper middle income countries of $3,996-$12,375, and high-income countries of more than $12,375
[23].

https://doi.org/10.1371/journal.pone.0260378.g003
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numeracy question correctly. Compared to individuals who answered the basic numeracy
question correctly, those who did not give a correct answer had 70% greater odds of being
among the poorest 20% of their country (Table 2, Model 2A). Additional multilevel multino-
mial regression analyses revealed that globally this finding was similarly driven by participants
giving either of the two incorrect responses to the basic numeracy question and those who
failed to answer the basic numeracy question at all (Table 2, Model 2B). The relationship
between low numeracy and being among the poorest 20% in one’s country held in each World
Bank country income category, and was the strongest in upper middle income countries

(S3 Table).

The relationship between low numeracy and being among the poorest 20% in one’s country
held despite controlling for educational attainment, which was a stronger correlate of being
among the poorest 20% in one’s country (Table 2, Model 2A-B). Female gender and older age
added little to nothing to models that predicted being among the poorest 20% in one’s country
(Table 2, Model 2A-B).

Relationship between low numeracy and difficulty making ends meet

The third set of analyses suggested that participants with low numeracy were more likely to
indicate that they found it difficult to live on their income (Fig 3B). Around the world, 45% of
participants with low numeracy reported finding it difficult to live on their income, as com-
pared to 28% of participants with basic numeracy. The relationship between low numeracy
and finding it difficult to live on one’s income held after accounting for whether or not partici-
pants’ income fell among the lowest 20% for their country, as well as education and demo-
graphic characteristics (Table 2, Model 3A). When considering whether low numerate
participants provided an incorrect answer or no answer to the basic numeracy question, only
the latter was significantly associated with difficulty living on one’s income (Table 2, Model
3B). Overall, low numeracy was associated with difficulty living on one’s income in all country
income categories, except for low-income countries (54 Table).

Closer inspection of control variables revealed that living in a low-income country and
reporting low income were by far the strongest predictors of difficulty living on one’s income
(Table 2, Model 3A-B). Participants who lived in low-income countries had about seven times
the odds of reporting difficulty living on their income than those who lived in high-income
countries, and participants who were among the poorest 20% in their country had about six
times the odds of reporting difficulty living on their income than those who were among the
richest 20% in their country (Table 2, Model 3A-B). Education also made a significant differ-
ence, such that participants with an elementary school education had twice the odds of report-
ing difficulty living on their income as compared to those who had a college education
(Table 2, Model 3A-B). Female gender and did not additionally contribute to models predict-
ing being among the poorest 20% in one’s country (Table 2, Model 3A-B).

Discussion

Overall, the present findings suggest that low numeracy occurs around the world, but is much
more common in low-income countries (76%) than in high-income countries (32%). Previous
studies in high-income countries have suggested that low numeracy is most common among
individuals who report lower levels of education, female gender, and older age [4, 26]. While
our findings suggest these individual differences hold across the world, they also underscore
that living in a low-income country is more strongly correlated with low numeracy.

People who were unable to make the simple numerical conversion between 10% and 1 in 10
tended to be among the poorest in their country, and had more difficulties living on their
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reported income. Thus, worldwide findings replicate conclusions that numeracy is associated
with income and financial well-being, which were previously drawn on the basis of research in
high-income countries [11-22]. All findings held in each World Bank country income cate-
gory, with one exception. In low-income countries, reported difficulties living on one’s income
were unrelated to low numeracy. Possibly, having basic numeracy skills may not help to over-
come the greater financial struggles people face in low-income countries. Even people who are
good with numbers will likely find it difficult to live comfortably on their income when there
is simply not enough money. As noted, low-income countries have a per capita Gross National
Income (GNI) of less than $1,026, while high-income countries have a GNI of more than
$12,375 [23].

In addition to low numeracy, low levels of education were independently associated with
participants’ reported income and difficulty living on one’s income. This is in line with
research from Australia suggesting that education improves numeracy, literacy, and other
skills that may contribute to employability [12]. However, it is important to note that low
income was much more strongly associated with difficulty living on one’s income, as com-
pared to numeracy and education. Specifically, participants in low-income countries were
more likely to report difficulty living on their income than participants in high-income coun-
tries, and participants who were among the poorest 20% in their country were more likely to
report difficulty living on their income than participants who were among the richest 20% in
their country. These results suggest that policies that aim to promote financial well-being by
improving numeracy and education will only go so far, and may need to be combined with
economic support.

In this study, low numeracy referred to the inability to recognize that 10% is the same as 1
in 10. Low-numeracy was defined as answering that 10% is bigger than 1 in 10, 10% is smaller
than 1 in 10, or declining to answer. A majority declined to give an answer at all (42% of all
participants), with the remainder being equally likely to state that 10% was bigger or smaller
than 1 in 10 (9% of all participants in each case). Previous studies in high-income countries
have suggested that 1 in 10 might be viewed as larger than 10%, when receiving these numbers
in vivid contexts [27-29]. For example, one study found that US participants felt that discharg-
ing a patient was perceived as more risky after reading that 1 in 10 (vs. 10%) of similar patients
commit an act of violence to others during the first several months after discharge, likely due
to the frequency format making it easier to imagine negative outcomes (e.g., “Some guy going
crazy and killing someone” [30]. By comparison, World Risk Poll participants were asked
about the similarity between 1 in 10 and 10% directly, without a specific context that could
have swayed their imagination.

Like any study, ours has limitations. One limitation is that the World Risk Poll did not
assess numeracy with the most commonly used multi-item numeracy measures [26, 31]. How-
ever, performance on the basic numeracy question in the World Risk Poll is known to be reli-
ably correlated with traditional multi-item numeracy measures [9]. Indeed, single-item
measures that correlate with multi-item measures can serve as valid predictors while reducing
the cost and respondent burden of conducting a large global survey [32]. Another limitation is
that no intelligence measures were included in the World Risk Poll. Due to the length of intelli-
gence measures, doing so would likely would have been cost-prohibitive. Several previous
studies have already demonstrated that intelligence and numeracy are correlated but separate
constructs, that are both relevant for obtaining good financial outcomes [14, 16, 17, 19]. A
third limitation is that the reported correlations do not necessarily imply causations. It is possi-
ble that people with higher incomes have jobs that help them hone their numerical skills, or
that people who manage to live off their low income develop numeracy skills in the process of
doing so.
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To examine whether having basic numeracy skills causes better financial outcomes, studies
are needed that randomly assign people to numeracy education and follow participants over
time to examine the effect on their numeracy skills as well as their income and ability to live on
it. One study in rural Ghana found that increasing access to education leads to better numeri-
cal skills, and, ultimately, better financial outcomes [33]. Another study in Colombia found
that providing digital financial education in poor rural communities improved financial
knowledge as well as financial well-being two years later, compared to controls [34]. Teaching
numerical ability involves providing students with hands-on practical experience in a collabo-
rative environment with regular assessments to monitor and repair understanding [35].
Numeracy education may need to improve both numerical ability and the confidence to apply
that numerical ability [6]. Among American school children who had shown deficits and dis-
interest in mathematics, setting proximal achievable goals improved self-efficacy and numer-
acy performance [36]. Among undergraduate students enrolled in a psychology statistics
course in the United States, numeracy could be improved through a values-affirmation inter-
vention that may have prevented a decline in numerical confidence [37]. Such approaches
show promise for tackling low numeracy across the world, which, when combined with much
needed financial help, brings the promise of improving financial well-being.
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