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Abstract

This work analyzes the influence of mathematical skills on financial literacy among Mexican
high school students between 15 and 18 years of age. We use data from a survey constructed
explicitly for this purpose, based on measures suggested by Lusardi and Mitchell and the
Organisation for Economic Co-operation and Development (OECD). This is the first study of
its kind for Mexican youths. Our results confirm that financial literacy levels among Mexican
students are low. We offer evidence on the significant and positive impact of mathematical
skills on financial literacy levels. Using an Ordered Probit model, we find that for every
one unit increase in correct mathematical answers, the financial literacy level rises by 0.12
deviations. Intuitively, two additional correct mathematical answers translate into one-half
of a point in the general OECD score. Our results are robust to different specifications for
the explanatory variables and different estimation methods. Nevertheless, the study might
have an endogeneity due to omitted variables or measurement error, for which we propose a
method to correct it. The influence of mathematical skills remained significant and positive
despite it.

JEL Classification: D91, D1, 122.

Key Words: Financial Education, Financial Literacy, Mathematical Skills, High School
Students, Financial Knowledge.

Alfabetismo financiero y matematicas: un estudio

entre estudiantes mexicanos de preparatoria
Resumen

Este trabajo analiza la incidencia de las habilidades matemaéticas en el alfabetismo financiero
en jévenes mexicanos entre 15 y 18 afios de edad asistiendo a la escuela preparatoria.
Utilizamos informacién de una encuesta construida explicitamente para este objetivo y basada
en medidas sugeridas por Lusardi y Mitchell y por la Organizacién para la Cooperacién
Econémica y el Desarrollo (OECD). Este es el primer estudio de su tipo para jévenes
mexicanos. Nuestros resultados confirman que los niveles de alfabetismo financiero entre
estudiantes mexicanos son bajos. Ofrecemos evidencia del impacto significativo y positivo de
las habilidades matematicas en los niveles de alfabetismo financiero. Mediante el uso de un
modelo Probit Ordenado encontramos que por cada aumento en una unidad en las respuestas
correctas de matematicas, el nivel de alfabetismo financiero aumenta en 0.12 desviaciones.
Intuitivamente, dos respuestas correctas adicionales en mateméticas se traducen en medio
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punto en el puntaje general de la OECD. Nuestros resultados son robustos a diferentes
especificaciones de las variables explicativas y distintas estimaciones. Sin embargo, el anélisis
puede presentar problemas de endogeneidad debido a la omisién de variables o errores de
medicién, para lo cual proponemos un método para corregir el problema. El efecto de las
habilidades matematicas se mantiene.

Clasificacién JEL: D91, D1, 122.
Palabras clave: Educacién financiera, alfabetismo financiero, habilidades matematicas,
estudiantes de preparatoria, conocimiento financiero.

1. Introduccién

The standard model of intertemporal choice states that a rational,
forward-looking individual seeks to match the marginal utility of his or her
money in one period with respect to the following, and between the present
and a distant future. This leads the individual to smooth out his consumption
and this is what gives rationality to his savings decisions, for the short and long
term. However, existing literature shows that individuals do not act in such a
manner and frequently make incorrect decisions. This literature suggests that a
key reason for this is low level of financial literacy (Lusardi and Mitchell, 2011a,
2011b; Berhman, Mitchell, Soo and Bravo, 2010). The central idea is that
the financial world has grown increasingly complex and in general, individuals
have a smaller ability to face these changes and make optimal decisions due
to the lack of knowledge of basic financial concepts, leading them to incorrect
decisions. Financial literacy is related to the understanding of basic economic
and financial concepts and their proper application.

One of the results emphasized by the empirical literature is that the lack
of financial literacy is more profound in young populations and in the elderly.
This has suggested the need to provide financial education to the young since
high school. Moreover, in several developed countries, this material has been
introduced in their programs. It is interesting to point out that since 2012
the Organisation for Economic Co-operation and Development (OECD) has
decided to include a fourth module testing financial literacy in the standard
international PISA examination. An interesting finding in this research agenda
is the relationship between the level of mathematical skills and financial literacy.
The literature argues that these abilities stimulate logical thinking and the
capacity to solve problems, positively affecting long term planning. In general,
a positive correlation between mathematical skills and financial literacy has
been found.

In this paper we analyze the existing relation between cognitive abilities in
mathematics and the level of financial literacy in young Mexicans between the
ages of 15 and 18 that attend high school (target population for the PISA test),
using information from a survey applied to this population in Mexico City.
The structure of this paper is as follows: the second section presents a brief
literature review, while the third section presents a methodological framework
and the model to be estimated; the fourth section describes the survey and the
data used, as well as the financial literacy measurement; finally, the fifth section
presents the results while the last concludes.
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2. Literature Review

There has been growing interest in measuring financial literacy
and understanding its importance to financial decision making. According to
Lusardi and Mitchell (2013), financial literacy is the ability to process financial
or economic information in order to make informed decisions regarding
financial planning, wealth accumulation, pensions and debt. The Organization
for Economic Cooperation and Development (OECD) has defined financial
literacy as a combination of awareness, skills, attitudes and behavior necessary
to make sound financial decisions with the purpose of achieving individual
economic well-being (Atkinson and Messy, 2012). This research agenda has
gained ground and among its main findings is the fact that, generally,
low-income individuals, minorities, women and young people present, on
average, the lowest levels of financial literacy. These results are repeated around
the world, at least in developed countries where the problem has been studied
(Lusardi and Mitchell, 2007a, 2007b, 2011a, 2011b, and Atkinson and Messy,
2012).

In Mexico, the overview is not very different even when research in the topic
is scarce. Reddy et al. (2013) show that only 37% of the Mexican population is
able to compute a simple interest rate, less than 40% plan their spending and
savings on a daily basis and only 28% of the adult population plans its future
and pensions. Hastings and Tejada-Ashton (2008) conducted a survey about
financial education and knowledge of Afores to individuals in Mexico City.! The
authors find that only 32% of the surveyed population is able to make simple
calculations with an interest rate, 65% understand the concept of inflation and
23% have basic knowledge of return on investment. In their experiment they
prove that individuals with a greater financial education give more importance
to account management fees and have a higher probability of accumulating
wealth, while agents with less-than-average financial knowledge are more likely
to choose Afores with higher fees. Another study shows that individuals with
lower levels of financial literacy tend to be more easily persuaded by marketing
factors, yielding sub-optimal consumption and savings decisions (Duarte and
Hastings, 2009).

Existing empirical evidence suggests that the majority of young people in
different countries present low levels of financial literacy (Lusardi and Mitchell,
2013). This is troubling since individuals tend to make important financial
decisions at an even younger age. In the United States, recent undergradu-
ates have considerable debt and the probability of default at a young age
has increased (Institute for College Access and Success, 2011, Bartley, 2011).
This suggests that there are several advantages of starting the literacy process
at earlier stages allows individuals to take advantage of a moment in which
absorbing new knowledge is easier (Lusardi and Mitchell, 2013). Also,
administrative costs are minimized and the logistics to acquire financial
education are simpler for students than people already working. It has been
noted that courses given during working hours lack effectiveness, since there is

L Afores are private financial institutions that manage retirement assets of workers
affiliated to public mandatory defined contributions pensions programs, as well as of individual
accounts.
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little interest of participants and attendees tend to be unmotivated (Mandell,
2009). In 2008, at least 20 states in the US have modified the curricula of high
schools to include a personal finance course (Jump$tart Coalition, 2008).

Nevertheless, additional studies suggest that this type of classes only
provide a marginal impact (Bernheim, Garret and Maki, 1997; Mandell, 2009).
Therefore a new line of research analyzes the transmission channels that
facilitate the acquisition of financial knowledge in the young population. A
proposal suggests that mathematical ability is highly correlated with financial
literacy since a higher exposure to mathematical education enhances
learning and cognitive abilities (Alexander and Pallas, 1984). Christelis,
Jappelli and Padula (2010) claim that low cognitive levels, measured as
math and verbal fluency levels, are a barrier to information processing and
prevent adequate preference formation, in particular regarding risk aversion.
The OECD (2013) states that the ability to perform basic arithmetic
calculations and solve mathematical problems are skills that are common to
financial and mathematical literacy. If it is possible to improve these numerical
abilities, then financial literacy could increase and, hence, students could change
their behavior.

Christelis et al. (2010) argue that as mathematical knowledge is higher,
the propensity to buy financial assets also increases. They find that if the
math score of one individual increases, then the probability of participating in
the stock market increases in two percentage points. Furthermore, McArdle
et al. (2009) explore the connection betweeen cognitive levels, wealth and its
composition in pre and post-retirement individuals. They find that the higher
the score in a math test, the higher a persons wealth. Banks and Oldfield (2007)
report a similar result for the United Kingdom.

Brown et al. (2013) show that a higher mathematical education increases
credit credibility, reduces the probability of default and the amount of
undertaken debt. Moreover, Agarwal and Mazunder (2013) find that lower
mathematical abilities increase the probability of costly financial mistakes, while
Stango and Zinman (2009) show that individuals with smaller cognitive levels
tend to take bigger loans at higher interest rates. Cole et al. (2013) found
that an additional year of mathematical education increases the propension
of young adults to accumulate financial assets and reduces the probability of
default, while De Bassa Scheresberg (2013) showed that the individuals that
feel they are skillful in mathematics on average have a better financial behavior
and education. In general, these studies conclude that the ability to set up
and solve mathematical problems is what allows a greater probability of higher
financial literacy.

With regards to results for the youth population, Lusradi et al. (2009)
analyze, using the Armed Services Vocational Aptitude Battery (ASVAB) test
that is made up of 12 different sections from which one measures
mathematical ability while another arithmetic competence and controlling by
cognitive level, the propension to correctly answer questions on risk
diversification, simple compound interest rate calculations, and inflation. The
main finding is that, on average, an additional point in ASVAB increases around
20% the probability of answering correctly any of the test questions. Japelli and
Padula (2013) conclude that there is a direct relation between mathematics and
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financial literacy. In particular, an increase of one point in numerical ability as
measured by PISA tests will increase 0.116 points (on a scale of 0 to 10) in the
financial literacy levels of a country.

3. Data and Financial Literacy Measurement

The data used in this paper was obtained from the “Survey about Financial
Literacy among High School Students in México City”? whose objective is to
measure financial literacy in young individuals (15-18 years old) who attend
school in Mexico. To measure financial literacy, the survey considers
the approach proposed by Lusardi and Mitchell (2013), “L&M”, as well as the
one proposed by the OECD (OECD-INFE, 2011, and Atkinson and Messy,
2012), “OECD”. This allows the results to be comparable with the ones
obtained in different countries which have used the same approaches.® The
three basic “L&M” questions deal with compound interest rates, inflation
and risk diversification. On the other hand, in the “OECD” approach, the
level of financial literacy is integrated by three factors: financial knowledge,
attitudes and behavior. In this manner, the level of financial literacy will be
given by a discrete number in a range between 0 and 3, where zero represents
the lowest level, three represents the highest and each number corresponds to
the number of factors each individual has in his financial capacities.
Regarding the financial literacy components, financial knowledge reflects
whether an individual understands basic financial concepts such as inflation,
risk diversification, calculation of interest rates and the risk-return relation
of an investment. Financial behavior reports how an individual plans his
expenditure, which factors he considers before requesting a loan, and his credit
and investment behavior. Finally, financial attitude reflects the individuals
preferences towards the future.

The survey contains 45 questions, 21 collect the individuals basic
socioeconomic information, such as family income, gender, age and information
relative to their academic environment, like school average, type of school and
grade they attend. Fifteen questions deal with financial literacy: 7 to collect
information about financial knowledge (including the three “L&M” questions),
5 about behavior and 3 about financial attitude. It is important to point out
that the questions were taken from OECD INFE (2011) with the purpose of
obtaining information that is comparable to that of other countries.
The mathematics section includes six questions taken from the PISA 2012
Assessment and Analytical Framework, which seek to measure the individuals
abilities in this field: knowing how to set up math problems (linear equations
systems) and to solve problems that involve calculations such as addition,
subtraction, multiplication and division. Finally, some questions that measure
the intensity of the influence of parents or peers over the surveyed are included.

The questionnaire includes questions that offer objective information, such
as the mathematical questions, as well as subjective questions, such as the

2 Villagomez (2014).

3 Tt must be noted that these approaches are not alternative or different from each other.
In fact, the questions from the L&M approach are contained in the OECD approach. In this
paper the distinction is arbitrarily made in order to make comparisons with other studies
that have used any of these measurements.



6 Nueva Epoca REMEF (The Mexican Journal of Economics and Finance)

individuals perception of financial knowledge. In all the questions that are
graded in a binary form, 1 if it is correct or 0 if it is incorrect, the option “I
dont know” is included and it is specified explicitly that this option has no
penalty, with the purpose of reducing the probability that a correct answer
has been chosen randomly. Unlike Lusardi and Mitchell, the survey does not
include the option Refuse to answer. In the “OECD” approach it is proposed
that the financial literacy level is measured by a discrete number between 0 and
3, following Atkinson and Messy (2012). The individuals grade in each section
will be given by the total number of correct answers. If this grade exceeds
70% of the questions, the surveyed will receive a mark in the final grade. For
example, if a person has 70% in the knowledge and attitudes sections, but only
50% in the behavior section, this person will receive a financial literacy final
grade of 2. It is important to state that this grade only intends to rank the
level of financial education and not to assign a value, as this would mean that
a certain component of financial literacy weighs more than the others.

Table 1. Descriptive Statistics.

Characteristics Total Percentage
Gender *
Male 436 49.0
I'emale 429 48.3
School 1'ype
Privatc 527 59.0
Public 362 41.0

School Sub-typc

High-end private 173 19.5
Low-end private 354 39.8
General Iligh School 214 24.1
I'echnical Iligh

School 148 16.6

Academic Year
Third Year: Middle

School 34 3.8
First Year: High

School 540 60.7
Second Year: 1ligh

School 75 8.4
Third Yecar: High

School 240 27.0

Age
14 10 1.1
15 297 33.4
16 243 27.3
17 219 24.6
18 69 7.8
19 17 1.9
20 5 0.6

Monthly Family

Income®
Less than $5,000 46 5.2
From $5,001 to

$15.000 144 16.2
From $15,001 to

$30,000 110 12.4
Trom $30,001 to

$45,000 77 8.7
I'rom $45,001 to

$60.,000 85 .6
More than $60,000 124 13.9
I don’t know 280 31.5

¢ 2.7% of the sample did not answer the gender question

b2.6% of the sample did not answer the question regarding family in-
come.

Source: Authors’ calculations
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The sample was randomized at the school level, considering a database
of all the high schools in Mexico City, constructed with information of the
Ministry of Public Education and the National University. Schools were divided
into public and private. The total of useful surveys was 865. Table 1 shows
the descriptive statistics of the survey and we briefly mention some of its main
results.

Related to the three “L&M” questions, the results show a low level of
financial literacy. Only around 6.5% of the participants answered all questions
correctly, compared to 27% reported in the United States. The mean of correct
answers was 1.27 out of 3, while the United States had a mean of 1.5 correct
answers, 0.23 points below United States. Some slight differences were found
in the rate of correct answers in the inflation and risk diversification questions,
in both countries. However, consistent with Lusardi and Mitchell (2013), it is
interesting to note that young Mexicans gave more adequate answers in the
inflation question. The reason is that countries that have experienced higher
episodes of inflation usually tend to be better instructed in the subject than
countries that have had a low and controlled inflation rate. In Mexico, the
least favorable result was found in the compound interest section, probably
due to low financial inclusion that does not allow exposure of the population
to this particular subject. It is worth mentioning that financial literacy was
lower in women with respect to men, and in public schools with respect to
private schools. These results are compatible with the findings all around the
world, including that in Mexico is more common to understand inflation due to
the experience of high inflation during 1990s. Unfortunately, there is no data
avaible to make comparisons with Latam or other countries that have similar
socio demographics characteristics as Mexico. Table 2 shows these results.



8 Nueva Epoca REMEF (The Mexican Journal of Economics and Finance)

Table 2. Comparison amoung Countries and Mexico.

Ve of Interest rate Inflation Risk Diversification Al 3 Sample
i In- I dont I- T dont I- T dont gomeet size
Correct correct know  Correct comrect know  Comect comect know

Authors Country

Lusardi and Mitchell (2011d) United States 2009 649 206 135 643 235 M1 318 M43 BT 302 1488
Alessie, VarRoog), and Lusardi

(2011) Netherlands 2010 848 63 89 769 96 135 519 149 332 M5 166
Bucher-Koenen and Lusardt

(2011) Germany 2009 84 66 10 784 46 170 618 39 313 532 1099
Sekita (2011) Japan 00 705 170 125 88 126 286 95 44 61 270 5268
Agnew, Bateman, and Thorp

(2013) Awstralia M2 B 105 64 63 177 B0 OHT 1T Ve 47 LM
Crossan, Feslier, and Hurnard

(2011) NZelnd 2009 860 100 40 810 40 50 270 70 20 M0 80
Brown and Grad (2013) Swizelnd 2011 93 179 18 4 174 42 TS B35 130 500 1500
Forrero and Monticone (2011) ~ ay M7 400 N8 W2 W3 W00 N7 52 Ml BT MUY 3
Almenberg  and  Sive-

Soderbergh (2011) Sweden M0 B2 092 156 W5 U0 165 684 132 184 A4 130
Amondel  Debbich,  and

Savigac (2013) France 01 480 405 15 612 175 A3 668 186 146 309 3616
Klapper and Panos (2011) Russtz 009 363 08 N9 08 B1 61 128 S8 B4 3T 1366
Beckmann (2013) Rontania M 413 M3 M4 %8 28 44 W7 OU§ &5 38 10w
Villagomez (2014) Mexico M4 02 612 167 601 U5 185 43 BSB89 70 8
Lusardt, Mitchell and Curto

(2009y Unted States 1997 795 148 57 40 309 151 468 159 313 00 7138
Mem 610 M3 M6 €1 180 B9 417 U6 0T Wy 21

1/ This survey was applied to people between 15 and 18 years old.
2/ This survey was applied to people between 23 and 25 years old.
Source: Authors’ calculations

With the “OECD approach”, the results show that the mean of the general
score was 1.28 points out of a maximum of 3. This shows that, on average, young
Mexicans have low financial literacy levels. This indicates that young Mexicans
lack basic tools for financial decision making. Finally, the mathematical results
are reported. In general, grades are unsatisfying in this section, the mean of
correct answers is a failing grade. Out of 6 possible correct answers, the surveyed
on average answered 2.6 correctly. As previously mentioned, these questions
were obtained from the PISA test, which implies that the level was designed
specifically for those ages. This provides evidence of the low mathematical level
of young Mexican students. In the PISA 2012 test, Mexico obtained an average
score of 413 points, while the average score in OECD countries was of 494
points. It was also found that the results were better in men than in women.
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To obtain the number of hits we used the methodology of Atkinson and
Messy (2012), which assigns a point to that respondent who answered at least
70% of the reactants of each component correctly. For the score of each
component, the variable represents the number of correct answers of eache
person. Results are shown in table 3.

Table 3. Survey Results.

Characteristics Total Percentage
Math score

[0} 46 5.2
1 169 19.0
2 216 24.3
3 217 24.4
4 157 17.7
5 79 8.9
(5 5 0.6

OCDE approach

score
[0] 193 21.7
1 340 38.2
2 267 30.0
3 89 10.0

Financial

Behavior score!
[0} 25 2.8
1 57 6.4
2 96 10.8
3 185 20.8
4 239 26.9
5 287 32.3

Financial

attitudes score?t
[0} 113 12.7
1 291 32.7
2 225 253
3 260 292

Financial

Knowledge score?
[0} 5 0.6
1 28 3.1
2 70 7.9
3 156 17.5
4 275 30.9
5 238 26.8
[$) 100 112
7 17 1.9

1/ It refers to the number of correct answers.

Source: Authors’ calculations

4. Methodology

This papers methodology differs from other studies in the following way. The
ordinal origin of the financial literacy score constructed for this investigation
(see next section) suggests that the adequate model is an Ordered Probit or
an Ordered Logit, depending on the assumptions of the errors distribution
(Wooldridge, 2002 and Long, 1997). Financial literacy level is ordinal due
to the fact that only the order of the variable is important and not the
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magnitude. For example, claiming that a person who obtains a grade of 2 in the
test has double the financial education than a person who obtains a 1 would be
a strong and perhaps inaccurate statement. However, following McKelvey and
Zavoina (1975) and Winship and Mare (1984) one must be prudent while using
an ordinal latent variable model, for if the dependent variable can be ordered in
more than one dimension (natural order from different perspectives), the results
will surely be incorrect. McCullagh and Nelder (1989) expand this idea, setting
as an example colors. They may be ordered regarding their electro magnetic
spectrum or they may represent individual preferences, which indicates that
there is a natural order in more than one dimension.

The justification of whether the proposed model is correct and whether the
dependent variables order is a candidate for this methodology lies in Marcus and
Greene (1985). The authors seek to determine the level of aptitudes of a United
States Military applicant. They classify applicants as non-fit, moderately fit,
fit and highly fit, assigning a value of 1 to the least prepared and 4 to the best
prepared within the sample. Aptitudes are classified through diverse tests to the
applicants and a final grade is assigned given the results. This is analogous to
the proposed financial literacy measurement, where the final grade is assigned
in accordance to financial behavior, knowledge and attitudes.

This research seeks to prove the positive effect that the level of skills and
or mathematical knowledge has in the financial literacy level. The dependent
variable is the number of correct mathematical answers in the
test applied. Additionally and following De Bassa Scheresberg (2013), it is
controlled by the confidence the individual has in himself in mathematical and
financial abilities.* In this manner, the final specification is:

financial literacy; = amath; + Bsel fmath; + yself fin; + X;0 +¢; (1)

where financial literacy; represents  the final score of person ¢ in
the financial literacy test; math;, is the number of correct answers
in the mathematics section; sel fmath; is the level of reported self-confidence
in mathematics, on a scale from 0 to 10; selffin;, is the i
individuals self-confidence in financial subjects; z; is a vector of socioeconomic
characteristics proposed in literature, such as the mothers level of education,
race, gender, school year, age and parents wealth. Finally, €; is an error term
with a normal standard distribution. In consequence, the model will be
estimated through an Ordered Probit. Additionally, another requirement for
the correct functioning of the model is that the levels of order are equidistant,
which is fulfilled by construction. The models interpretation of results requires
finding changes in the financial literacy test score, with respect to changes in
the number of correct math answers, which is obtained through the following
expression:

4 The average grade point average in the mathematics course could be included as an
independent variable to act as an additional control of the mathematical level of an individual.
However, the belief of a tendency to over report grade point average exists. Therefore, this
variableis not considered an explanatory variable since it could generate a bias in the estimates
due to error-in-measurement.
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dfinancial literacy* - (2)
Omath -

However, the estimator’s units are ambiguous, which hinders its interpretation.
McKelvey and Zavoina (1975) and Winship and Mare (1984) propose to
standardize the estimator, dividing oy, by its standard deviation. This way, the
interpretation would be as follows: “given an additional correct answer in the
mathematics section, an increase of ay’s standard deviations is expected”.

A more thorough analysis would require finding in which of the three
financial literacy components the mathematical transmission occurs. To do so,
a model is proposed where the number of correct answers are estimated for each
of the financial literacy components controlling by the socioeconomic variables,
previously described, and by the mathematical section. Each component of the
financial literacy represents the number of correct answers that the people have
in the test. For financial behavior the scores goes from 0 to 5, for attitudes
goes from 0 to 3, and finally knowledge goes from 0 to 7, incluiding the L&M
questions.

The existing correlation between the three financial literacy components
suggests that a correct estimation must be given through ordinary least squares
(OLS) simultaneously, with the purpose of earning degrees of freedom and
estimation efficiency. Thus, the resulting equations would be the following:

financial behavior; = amath; + Bsel fmath; + vself fin; + X;6 + p;  (3)

financial attitudes; = wmath; + psel fmath; + oself fin; + X;7+¢e;  (4)
inancial knowledge; = amath; + Bsel fmath; + yself fin; + X;0 + ;. (5)

5. Results

We first analyze the direct impact of a change in an explanatory variable on
the final grade of the test. To do so, the y*-standardized coeflicient for x as
defined in Long and Freese (1996) were obtained. This interpretation analyzes
changes in one unit of the explanatory variables in terms of standard deviations
of the dependent variable. Table 4 shows the standardized estimators of the
regressions.
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Table 4. Ordered Probit Estimators: y*-standardized coefficients.

blpadent 0 @ om @ M 0 0 6D @®  ®

variable

Self confidence  0.03%**  0.04*  004*  005**  006% Q06 003 003 Q03 007

inmath 002y 00 0 0n 003 0% 03 00D  02) (0030
Selfconfidence  010%%%  (10%%%  Q41%**  0U2%%%  Q11%%%  012%%%  (Q1%%=  (Q11%%%  (11%=* (0%

In finance 00 1) 00 00 08 0B 00 08 0’ 00
Math 0.10%==  Q11%==  (Q11%==  Q12%*= (12%*= (12%*= (13%*== (QQ3®== (Q13*== (13%*=
00) 1) E)) @0 @) 0B 00  QB)  0B) 008

\ee 0.01 0.01 0.02 001 002 0.01 .02 0.01
o 0.02) ) @0y 05 003 0 @0 (005
Gender {0.13*= L1721 020 015* 018 016% 021
0.06) 0%) 1) O O 00  ©0 @10

Acadermic year 001 001 0.00 001 0.01 001 001 0.02
’ 0.04) 00 @05 QM 008 00 @0 0

Schoal type 0.10 0.08 0.07 0.10 01 0.08 011 013
’ 007 0oy @12y @y 00 00 @ (1)

_— R 1
00 00 004)

{Li:u'fé’mm 008 007 01g*
class (0.08) 0.08) 001
Cutoff 1 060%+=  (84%=+  106%== Q725 (20%sr (82%sF (4% (g0
Cutoff 2 — 171%%=  104%==  QQ1***  176%=*  130%* (03 (34 [ 73
Cutoff 3 280sx  3Q4ees 323 QQess ) ffess ([sss Afsss ) pess

Sample 282 230 260 260 376 361 230 133 223 555

Note:™,™ ,***: significance at the 10%, 5%, and 1% level, respectively.

Source: Authors’ calculations.

Columns (I) and (II) are OLS estimations. The only difference between these
is that the first one only includes the variables of interest (correct answers in
mathematics and self-confidence in math and finance), while the second one
considers the controls as well, offering a better adjustment (R? = 0.1012). The
subsequent seven columns show the standardized coefficients of the Ordered
Probit. These serve as evidence of the robustness of the estimators. Column
(ITI) only considers the variables of interests, while specification (IV) controls
for gender, age, school year and type of school. In column (V) monthly
family income is introduced, while mothers schooling was added in column
(VI). Additionally, in specification (VII) monthly family income was dropped.
Finally, the last three regressions control for previous asset management or
savings courses. According to goodness of fit, it appears that the best model
is specification (IV). This regression has the best predictive power with a 38%



Revista Mexicana de Economia y Finanzas, Vol. 12, No. 2, (2017), pp. 1-22 13

effectiveness in the correct cases. The cutoffs detected by the model are
significant and there is no overlapping among them. This is fundamental when
using a specification of this nature (Long and Freese, 1996, and Wooldridge,
2002). Furthermore, these cutoffs almost perfectly coincide with the true
structural cutoffs designed with the methodology. The estimators are also more
efficient as they have less variance. The model is also parsimonious.

It is interesting to note that no matter which type of specification or model
is used, the level of mathematics remains statistically significant at the 95% level
in all 10 regressions. The standardized coefficients are around 0.12 and, in the
particular case of column (IV) its value is 0.12. The interpretation of this result
indicates that an increase of one unit in correct answers in math, the level of
financial literacy increases in 0.12 standard deviations. Intuitively, two more
correct answers in math are translated into one-half of a point in the general
score. It can also be observed that self-confidence in mathematics and finance
are statistically significant and positive across all specifications. In the first
variable, changes in significance in the different regressions are observed, while
self-confidence in finance maintains a 95% significance in all the cases. The
fact that both estimators are positive suggests that more confidence in asset
management implies a better performance in the financial literacy test. These
results are consistent with the work of De Bassa (2013). Finally, gender is an
interesting case among the additional control variables. The estimators remain
negative and significant at the 90% level in all the specifications. This suggests
that being a woman positively affects the final score, with an impact of nearly
0.2 standard deviations. The other controls did not show statistical evidence of
being determinant in financial literacy.

The second intepretation requires obtaining the marginal effects of the
Ordered Probit. This analysis indicates how the probabilities of having a certain
number of correct answers changes when there is a unit movement in the control
variables. Table 5 shows the marginal effects of the Ordered Probit at the
mean of each variable. Due to the estimation, it is impossible to gave a joint
interpretation of the coeficients, so it is made “cetiris paribus”. The analysis
is only made with specification (IV) of table 4, as it showed the best goodness
of fit. These results are coherent with those presented in table 4, since the
estimators have the same sign. In terms of probabilities, a one unit increase in
correct answers in mathematics reduces the probability of having 0 or 1 correct
answers in the final test, but increases in 2.5% and 2.1% of correctly answering 2
or 3, respectively. Significance of 95% is maintained across all results. Moreover,
self-confidence in finance shows a behavior that is similar to the correct answers
in mathematics; this is, as self-confidence in finance increases, the probability of
having a low score in the final test decreases while it increases the probability of
a high score. In this case, significance of 95% is also maintained. With regards
to gender, being a male increases the probability of a low proportion of correct
answers (4.8% for 0 correct responses, and 1.6% of 1 correct answers). On the
other hand, being a female increases in about 2% the probability of having 2
or 3 correct answers. This is interesting because this is line with the literature
that says that women are more patient and more risk averse than men. School
year and age of the student are not significant.
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Table 5. Ordered Probit: Marginal Effects.

Independent variable 0 1 2 3
-0.01** -0.00* 0.01* 0.01*
Self confidence in math
(0.01) (0.00) (0.00) (0.00)
0 D4k*k _ Q11 %k 0,03 4k k 0.02 %%k
Self confidence in finance
(0.01) (0.00) (0.00) (0.00)
L0 Ok _0.0] #kk 0.3k 0.2 %4
Math
(0.01) (0.00) (0.01) (0.01)
-0.00 -0.00 0.00 0.00
Age
(0.01) (0.00) (0.00) (0.00)
0.05%* 0.02%* -0.04%* -0.03**
Gender
(0.02) (0.01) (0.00) (0.00)
0.00 0.00 -0.00 -0.00
Academic year
(0.01) (0.00) (0.01) (0.01)
-0.02 -0.01 0.02 0.01
School type
(0.02) (0.01) (0.02) (0.01)
Sample
860
Note:™,** : significance at the 10%, 5%, and 1% level, respectively.

3

Source: Authors’ calculations.

To analyze the transmission channel of the explanatory variables at the general
level of financial literacy a method of simultaneous estimation is used. Since
explanatory variables are the same in three equations, the estimation via OLS
would yield the same results. Nonetheless, the SUR methodology allows
to conduct hypothesis testing that verifies if the estimators are equal across
equations. The results reject the hypothesis that the estimators have the same
magnitude. Furthermore, the residuals are correlated in the three equations.
Therefore, there is a gain in efficiency (Wooldridge, 2002). With regards to
goodness of fit, an R? of 0.92 for the case of knowledge, 0.74 for attitudes and

0.88 for behavior are reported (table 6).
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Table 6 Seemingly unrelated Regressions.

Independent variable Knowledge Attitudes Behavior
0.09%** 0.05%* 0.08%**
Self confidence in math
(0.03) (0.02) (0.03)
0.1 1%%* 0.05%* 0.1 8%k
Self confidence in finance
(0.03) (0.02) (0.03)
0. 19%** 0.07*** 0.0g**
Math
(0.03) (0.03) (0.04)
0.1 1%k% 0.07%** 0,104k
Age
(0.01) (0.01) (0.02)
-0.09 -0.14* -0.24%*
Gender
(0.09) (0.07) (0.09)
0.13%* -0.09%* -0.01
Academic year
(0.05) (0.04) (0.06)
0.35%%* -0.02 0.16*
School type
(0.07) (0.07) (0.09)
R? 0.92 0.74 0.88
Sample 830 830 830

Note:*,** ***: significance at the 10%, 5%, and 1% level, respectively.

Source: Authors’ calculations.

Although the transmission channel of the mathematical level of financial literacy
is produced via the three components, the greater incidence is transmitted by
the financial knowledge component, where the estimator linked to mathematics
was of 0.18. This means that an additional correct answer in mathematics
would produce nearly 0.2 more correct answers in the final test. This analysis
is important since it proves that the cognitive level of an individual is related to
its preference formation and discount factor, which are measured by attitudes
and financial behavior. Even when the value of the estimators in the case of
knowledge are lower, the coefficients remain positive even when the econometric
specifications are changed.

The levels of self-confidence for mathematics and finance are significant
and positive in the three components of financial literacy. Feeling able in
mathematics and finance has a positive impact in the number of correct answers
in the three components. The type of school produces a positive effect in
behavior and financial knowledge; this implies that belonging to a private school
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increases the score in the behavior test by 0.35. In contrast, schooling is a bad
predictor of general level of financial literacy. Yet, it is a good determinant of
the level of financial knowledge. This makes sense since, as schooling increases,
the students have a larger tool set to solve problems, especially to understand
topics on economics or finance, but without affecting preference formation or
their discount factor. Schooling does not have an effect in the marginal effects of
probability. With regards to gender, the impact is transmitted via the attitudes
and financial behavior since in terms of knowledge there is no difference between
males and females. This is coherent with the findings of Rubalcava, et. al
(2009), who reach the conclusion that Mexican women, on average, are more
risk averse and patient than men. For the case of behavior, the estimator of
-0.23 suggests that being a female increases in 0.23 the correct answers of the
behavior test, while 0.13 in the case of attitude.

It is important to recall that “L&M” is centered in the understanding of
three basic concepts: inflation, interest rate and risk diversification. First, we
analyze the impact of the control variables in the quantity of correct answers per
surveyed individual using an econometric counting model, a Poisson distribution
given by:

L&M; = amath; + Bsel fmath; + ~ysel f fin; + X;0 + ¢; (6)

where L& M; refers to the number of correct answers of the ¢ — th individual
as measured by the L&M questions. Then, we analyze the changes in the
probability of correctly answering each of the three test questions with respect
to the explanatory variables (the marginal effects). In this case, we separately
estimated three simple Probit models given as follows:

Inflation; = amath; + Bsel fmath; + yself fin; + X0 + p; (7)

Risk; = mmath; + psel fmath; + oself fin; + Xim + &; (8)
Interest rate; = dmath; + Tsel fmath; + psel f fin; + X;6 + (9)

In this case, Inflation;, Risk;, and Interest rate; are dichotomous variables
that indicate if individual ¢ correctly answered a question. The first column
of table 7 shows the results of the Poisson model, while the three following
estimations correspond to the marginal effects of the Probit specification.
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Table 7 Count Data Model and Probit’s Marginal Effects.

Risk
Independent variable L&M  Inflation Diversification Interest Rate

Self confidence in math 0.01 0.01 0.00 0.00
Self confidencein finance ~ 0.06*%*  0.03%* 0.04#%k 0.01
Math 00004 () (4#4k 0.05%+* 0.02*
Age 0.02 0.01 0.02 0.02
Gender 0.01 0.04 -0.03 0.03
Academic year 0.05 0.04% 0.02 0.00
School type 0.164 0.06* 0.07* 0.07#
Sample 860 860 860 860
Note:™,™ ,***: significance at the 10%, 5%, and 1% level, respectively.

Source: Authors’ calculations.

The results once again show the positive and significant impact of the level of
mathematics. In this case, an increase in correct answers in mathematics will
increase the expected value of the correct answers to the L&M questions by
0.086. This estimator maintains its sign and predictive power across
specifications. Furthermore, it can be observed that an additional correct
answer in the mathematics test is related with a positive change in the
probability of answering all three questions correctly. The marginal effect
with a higher magnitude is presented in the question regarding risk
diversification and is greater than 5%. Moreover, among the other control
variables, it is possible to note that self-confidence in mathematics does not have
an impact in any of the four estimations, yet confidence in finance positively
affects all of them. In the same way, and unlike in the “OECD approach”,
gender stops being a determinant of financial literacy. This is primarily due
to the fact that in this approach preferences for risk or impatience
of the individual, factors where clearly there is an advantage for women, are
not measured. Finally, similar to the “OECD approach”, belonging to a private
education institution increases the likelihood of presenting a better score and
positively affects the probabilities of answering correctly.
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To conclude, the topic of unobserved variables if briefly discussed. There
is a possibility that the survey did not capture all the students information,
especially in the case of intra-community aspects (the individuals school) and
in his or her capacity to learn; for example, the number of hours that a
student spends in school, the quality of the lectures, or the focus of the course
content. This problem can produce bias and inconsistency in the estimators
due to unobserved variables (Wooldridge, 2002). The ideal form of correcting
this situation is by using temporal and community-level fixed effects. In order
to implement this methodology, information on the individual is required at
different points in time and several observations are needed from individuals in
the same community. Unfortunately, the available data only allows to correct
the problem at the school-level.

For this analysis, the level of financial literacy will be given by the
natural logarithm of the total sum of correct answers in the three components
in the “OECD approach”. This transformation was done based on the
procedure of Miranda and Zhu (2013). It allows more variation in the dependent
variable and avoids working with discrete numbers. In the estimation a
school-level fixed effect is introduced and to correct for possible errors generated
by heteroskedasticity, robust errors were used. The final specification was of
the form:

In (ZC orrectcmswersi) = m 4+ amath; + Bsel fmath; +~ysel f fin; + X;0+ g
(10)
The results are presented in table 8. In this case, the interpretation is different

since the logarithmic transformation allows to obtain the elasticities directly
(Wooldridge, 2002).
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Table 8. Community Fixed Effects.

Independent
variable @ @ (Im (Im (V) W) (Vp (VD

Self confidence in
math 0.07* 0.01* 0.01% 0.01% 0.01% 001* 0.01* 0.01*

Self confidence in

finance 0.02%=  Q02%**  002*** Q01**=* (02%%% Q.01**= Q01**=*  (01*
Math Q.02%%%  Q02%%%  002%** Q0% Q.02%%% Q.02 (QO2%%F (.02%*
Age 0.00 0.01* 001 -0.00 0.00 -0.00 0.01
Gender £.03= 002 0.02 0.02* 003  -003* 0.02
Mother's schooling 0.01 0.00 0.00 0.00
Academic vear 0.00 0.02 001 001 0.00 0.01 0.01
School type 0.04 -0.06 0.16 0.01 0.00 0.04 0.01
[ncome -0.00 0.02 0.00
Money

management class 0.02 002 0.04*
Pseudo R 0.11 0.19 0.18 0.18 0.18 017 0.18
Sample 858 838 560 545 808 81 801 539

Note:*,** ***: significance at the 10%, 5%, and 1% level, respectively.
Source: Authors’ calculations.

We observe that changes in correct answers in mathematics have a positive
relation in an interval of 1.6 to 1.9 percent, depending on the specification. It
is interesting to observe that gender is sensitive in this methodology, becoming
statistically zero in some specifications. An additional important result of this
analysis is that the subjective valuations of the individual remain significant in
all regressions, which gives certainty that financial literacy is affected by more
than just objective and measurable characteristics.

6. Conclusions

The low level of financial literacy in most countries has become a concern due
to the increasing financial complexity of the modern world and the cost in
well-being, both individual and social, that derives from incorrect economic
and financial decisions from individuals. In particular, it has been found that
the issue is especially important for young populations, which increasingly face
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major financial life decisions. Within the literature studying the determinants of
financial literacy, one interesting approach has been to explore the relationship
between mathematical skills and financial literacy. The objective of this paper
was to analyze this relationship specifically for the case of young Mexicans
between the ages of 15 and 18 attending school in Mexico City Mexico. We
use data from a survey explicitly designed for this purpose and based on the
questions proposed by Lusardi and Mitchell and the OECD.

The surveys results confirm that financial literacy levels are low in young
Mexicans. Considering the “L&M” approach, only 6.6% of the sample answered
all three questions and only 35% answered two of them correctly. Using the
“OECD” approach similar results are reported. Only 40% of the sample has a
sufficient financial knowledge level and only 30% is considered to have adequate
financial attitudes. In aggregated terms, it is troubling that only 10% of the
young population has the three necessary components for financial decision
making and 22% has none of the three proposed by the OECD.

The econometric analysis offers evidence regarding the determinants of
financial literacy, particularly about the significant and positive impact of
mathematical knowledge. The statistical significance remains upon changes in
the control variables and the specification. Such impact is transmitted through
the three components found in the OECDS definition, although greater
incidence is given via financial knowledge. The results obtained through an
Ordered Probit suggest that an increase of correct math answers, generates a
greater probability of increasing financial literacy by 0.12 standard deviations.
In more intuitive terms, two additional correct answers in math imply a half a
point change in the general score.

To strengthen the analysis, we also studied the changes in the probability
of having a particular score on the general test. It was observed that an
additional correct answer in math reduces the probability of having a score of
zero or one in the general financial literacy score, and increases the incidence
of having two or three points. This confirms the hypothesis: with greater
mathskills, there is a better financial education. Finally, considering a possible
problem of unobserved variables, a model of fixed effects was estimated with
the purpose of reducing the factors that were not taken into account within
each school. The math skills effect remained significant and positive, and it
was found that the punctual elasticity of the financial education with respect
to mathematics is around 2%. This impact remains despite changes in the
econometric specification, assuring robustness of the estimators.

As of now, there is no similar research in Mexico. An effort to measure
financial literacy as suggested by “L&M” and the “OECD” has not been made.
Thus, the results presented prove the importance of initiating a process of
economic and financial education in schools, and of strengthening the quality
of instruction in mathematics. These two actions, according to the results,
would bolster financial understanding and knowledge.
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