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Abstract
In recent years, the financial world has become more complex and intricate. In this context, numeracy and, particularly, 
financial literacy, are seen as paramount in providing consumers with the knowledge and confidence required to take part 
in financial markets. Despite some indicative empirical findings, it is still to be ascertained how the two competences dif-
ferentially contribute to the quality of decision-making in financial contexts. Furthermore, it is still unknown to what degree 
financial literacy and numeracy, taken as relevant mind-ware for financial decision-making, are effective in guarding against 
well-documented biases such as loss aversion and framing effects. This study aims to clarify these issues by employing an 
experimental task, conceived as an approximation to real-world decision-making involving the sale of shares. Our results 
suggest that numeracy and financial literacy affect decision-making differently in a pattern that, in part, runs counter to 
conventional economic theory. The data indicate that numeracy promotes a pattern of choices closer to economic rational-
ity, while financial literacy can prove counterproductive and may amplify cognitive biases, namely framing effects and loss 
aversion. The outcomes are interpreted in light of dual-process theories, and the political implications discussed.

Introduction

As a result of more systemic transformations in contempo-
rary societies, individuals and households find themselves 
increasingly engaged in financial decision-making—whether 
to finance basic consumer goods or more fundamental needs, 
such as education, healthcare, housing or retirement (Santos, 
2017). Over the last three to four decades, we have been wit-
nessing the rise of household debt promoted by the twofold 
effect of depressed economies and the growth of credit facil-
itated by financial innovation making it increasingly avail-
able to low-income households (e.g., through securitisation 
of mortgage debt and the originate-and-distribute strategies 
of commercial banks; Crotty, 2009). On the other hand, the 
decline of welfare states, specifically in the area of health 

and retirement, has meant that individuals increasingly have 
had to take responsibility for their future financial well-being 
through the contracting of health insurance and enrolment 
in pension funds.

Financial literacy has thus become a highly relevant skill 
not only because individuals now live in a world where they 
have to make more decisions of this kind, but also because 
they seem to be extraordinarily ill-prepared for them. Suc-
cessive international surveys have highlighted these con-
cerns (Lusardi & Mitchell, 2014; OECD, 2005; OECD/
INFE, 2016; Standard & Poor’s, 2015). The first interna-
tional study sponsored by the OECD, in 2005, showed that 
relevant segments of the population in the developed world 
do not have the necessary knowledge or understanding to 
cope with basic financial decisions. In Australia, 51% of 
respondents were unable to correctly interpret a simple 
hypothetical bank statement, and while 67% stated they 
understood the concept of compound interest, only 28% suc-
ceeded in solving a problem requiring the use of the concept. 
Similar findings were unearthed in the UK and the USA, 
with respondents claiming to know more than what could 
be inferred from their performances in basic tests. These 
results have been subsequently replicated. In one recent sur-
vey (OECD, 2017), only a small percentage of respondents 
(27%) were able to calculate a simple interest on a deposit 
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and successfully recognise that the value of interest com-
pounded over 5 years would be greater than five times the 
simple interest.

Alarmed by both present-day and future harmful individ-
ual and collective consequences of poor financial decisions, 
as exposed by the global financial crisis (GFC), governments 
all over the world have implemented financial education ini-
tiatives (OECD, 2009; OECD & INFE, 2014). The growing 
political relevance and visibility of financial literacy have 
inspired a research agenda devoted to the study of the impact 
of financial literacy on individual behaviour. A significant 
part of that work has sought to show that financially liter-
ate individuals display different and improved patterns of 
behaviour in comparison with individuals with lower scores 
on financial literacy tests. For example, it was shown that 
consumers with higher scores of financial literacy are more 
likely to invest in the stock market (Jappelli & Padula, 2013; 
van Rooij, Lusardi & Alessie, 2011), to accumulate savings 
(de Bassa Scheresberg, 2013) or to enrol in retirement sav-
ings plans (Lusardi & Mitchell, 2007a, 2014). By the same 
token, lower scores of financial literacy have been found to 
be related to detrimental financial behaviour, such as high 
levels of indebtedness, low savings, inadequate retirement 
planning, and onerous credit options (Moore, 2003; Disney 
& Gathergood, 2013; Lusardi & Mitchell, 2007a, b).

However, there is no agreement on the efficacy of finan-
cial education initiatives (O’Connel, 2008). Based on a 
meta-analysis covering 201 studies, Fernandes et al. (2014) 
concluded that interventions to improve financial literacy 
account for no more than 0.1% variance in financial behav-
iour. In an attempt to address this surprising result, a recent 
study (Skagerlund, Lind, Strömbäck, Tinghög & Västfjäll, 
2018) sought to identify the presence of other cognitive and 
emotional factors that could interfere with the attainment 
of financial literacy and which might explain the lack of 
efficacy of financial education. Based on a survey conducted 
in a representative sample of Swedish adults, the authors 
concluded that ‘a driving force behind becoming finan-
cially literate resides in the ability to understand numbers 
and having an emotional attitude towards numbers that does 
not interfere with an individual’s daily engagement in activi-
ties involving mathematics and financial decisions’ (p. 24). 
They argue that numeracy, defined as the ability to process 
basic numerical concepts, quantitative estimations, prob-
ability and ratios, is required to solve financial problems. 
Hence, numeracy provides ‘the computational engine behind 
financial decision making’ (p. 19). This may well explain 
the failure of financial education insofar as knowledge of 
financial concepts, such as inflation and risk diversification, 
require basic calculations, such as obtaining percentages and 
probabilities.

Simultaneously, it has been found that numeracy is asso-
ciated with significantly improved performance in judgment 

and decision-making tasks. For instance, numeracy has been 
shown to be a relevant skill in decision-making relating to 
risk and uncertainty, a distinctive feature of several finan-
cial decisions (Cokely & Kelley, 2009; Lusardi, 2012; Peters 
et al., 2006; Peters & Levin, 2008; Zokaityte, 2016). But 
numeracy levels have also been found to be low among the 
population as a whole, even among individuals with higher 
academic qualifications (Kirsch et al., 2002; Lipkus et al., 
2001; Reyna & Brainerd, 2008; Sutherland, 1992).

Notwithstanding, research on numeracy and financial lit-
eracy has, for the most part, been kept apart, treated as sepa-
rate entities evolving in parallel, with few studies exploring 
their joint role in determining decision-making capabilities. 
Furthermore, and taking both numeracy and financial lit-
eracy as expert knowledge, it is worth exploring their role in 
light of recent advances in psychology, which will be briefly 
reviewed in the next subsection.

Dual‑process theory, financial literacy 
and numeracy

According to dual-process theories, human cognitive activi-
ties, including decision-making, involve the interplay of 
intuitive and analytical cognitive processes, usually referred 
to as type 1 and type 2 processes, respectively (Evans & 
Stanovich, 2013; Kahneman, 2003; Kahneman & Freder-
ick, 2002; Stanovich & West, 1999, 2000). For the most 
part, human reasoning and behaviour are controlled by Type 
1 intuitive processes, with a high degree of automatic and 
effortless information processing, favouring the generation 
of fast responses with little use of attentional resources. 
However, and due to their heuristic nature, type 1 responses 
are not guaranteed to be accurate and, in fact, are often at 
odds with normative standards (e.g., expected utility the-
ory—EUT), leading to decision errors and biases (Evans 
& Stanovich, 2013; Kahneman, 2011; Stanovich, West & 
Toplak, 2016). For example, it has been found that the way 
in which a given decision-making problem is presented 
(framed) has an effect on the choices made, implying that 
an individual can provide different responses to the exact 
same problem, dubbed in the literature as ‘framing effects’ 
(Tversky & Kahneman, 1981, 1986). The latter stand as a 
violation of the principle of invariance, a key axiom of EUT 
that posits the neutrality of elicitation procedures, implying 
that a rational agent would choose the option that maxim-
ises the expected value, irrespective of how it is formulated. 
Contrarily, human decision-makers often make disparate 
choices when the problem is formulated in terms of gains 
or, alternatively, losses (Tversky & Kahneman, 1981, 1984). 
Within the logic of the Prospect Theory (Kahneman & Tver-
sky, 1979), these trends can be accounted for by positing 
that humans are sensitive to changes in wealth, in respect to 
a current reference point, rather than to overall wealth. That 
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is, the ultimate carriers of utility are wealth changes, not 
final states. Moreover, people place greater value on losses 
than on comparable nominal gains, being more prone to 
seek risk to avoid a certain loss, but risk averse for possible 
gains. This reflection has been referred to as ‘loss aversion’ 
(cf. Kahneman & Tversky, 1979) and has been reported in 
consumer, health, and economic decision-making processes 
(Diacon & Hasseldine, 2007; Epley, Mak, Idson, 2006; 
McNeil, Pauker, Sox, & Tversky, 1982; Sanford, Fay, Stew-
art, & Moxey, 2002). Further evidence has suggested that 
framing effects and, by extension, loss aversion, are part of 
an affective type 1 heuristic process (Cassotti et al., 2012; 
Kahneman & Frederick, 2007). Corroborating this prem-
ise, De Martino, Kumaran, Seymour, and Dolan, (2006) 
found that framing effects seem to be related to the activa-
tion of emotional neuronal substrates, such as the amygdala, 
whereas more rational answers, demonstrating less suscep-
tibility biases, were correlated with an increased activity in 
the orbital and medial prefrontal cortex.

Of course, deviations to a normative correct response, 
such as those brought about by framing effects, can be cir-
cumvented through careful reflective analysis of the problem 
(type 2 responses), albeit at a significant cost in terms of 
effort and attentional resources, and provided that an intui-
tive type 1 response is blocked (Evans, 2003, 2010; Kahne-
man, 2011). Due to its deliberative nature, type 2 responses 
might yield a normatively correct response if the responder 
possesses relevant knowledge and expertise, i.e., adequate 
‘mindware’ (Stanovich, West, & Toplak, 2011, Stanovich 
et al., 2016). As such, type 2 processes do not necessarily 
generate the normatively correct response, particularly when 
the individual lacks adequate expertise.

The link between the basic features of dual-process theo-
ries and the literature on numeracy and financial literacy in 
financial decision-making is straightforward: more numerate 
and financially-literate individuals, to the extent that they 
possess the relevant mindware, are more likely to employ 
strategies and processes which generate normatively supe-
rior, type 2, responses in financial contexts, as long as no 
cognitive restrictions are imposed on them (e.g., no time 
constraints and no working memory load). Accordingly, 
various studies have been implemented to test whether 
more numerate individuals conform to the normative pre-
dictions when presented with problems designed around 
choices between a sure and a risky option. It has been found 
that higher numeracy leads to more choices in line with the 
maximization of the expected value of a lottery and, hence, 
less prone to framing effects or the influence of irrelevant 
information (Peters et al., 2006; Peters, Slovic, Västfjäll, & 
Mertz, 2008). A possible interpretation is that numeracy, by 
promoting the processing of numerical information, favours 
the correct calculation of the expected value (Garcia-Retam-
ero, Sobkow, Petrova, Garrido & Traczyk, 2019).

To the best of our knowledge, studies examining the 
effects of financial literacy on decision-making problems 
involving risk is yet to be carried out. While financial lit-
eracy requires a firm grasp of numbers, percentages, and 
calculation procedures, as with numeracy, it also involves 
knowledge of financial concepts such as compounded inter-
est, inflation and risk diversification, not covered by numer-
acy. This study thus aims to clarify to what extent financial 
literacy impacts on decision-making beyond what could be 
accounted for by numeracy.

The present study

As outlined thus far with respect to financial decision-
making, both financial literacy and numeracy are arguably 
prime candidates for relevant mindware. Individuals with 
high levels of financial literacy and numeracy would thus 
be expected to outperform their less sophisticated coun-
terparts and, hence, to be less prone, or more immune, to 
loss aversion and framing effects. This study aims primar-
ily to ascertain to what degree this is the case. As such, we 
adapted the task used by De Martino et al. (2006), with a 
sure option pitched against a gamble option in hypotheti-
cal scenarios involving shared values. The task was devised 
to allow the simultaneous assessment of loss aversion and 
framing effects (by systematically varying the formulation 
of the sure option by specifying the amounts of financial 
shares as either retained or lost) as well as the degree to 
which participants tend to choose the options with the higher 
expected values in accordance with EUT (by systematically 
varying the value of the sure option such that it could be 
higher, lower or equal to the expected value of the accom-
panying gamble)1. It was hypothesized that participants with 
higher levels of financial literacy and numeracy (measured 
using appropriate questionnaires responded to after complet-
ing the experimental task) would: (1) display a pattern of 
responses closely in line with the theoretical prediction (that 
is, choosing the alternative implying a higher payoff), and 
(2) be less susceptible to framing effects (that is, with the 
choice for the gamble option being less affected by the for-
mulation of the sure option as a gain or a loss). Furthermore, 
the design of this study also allows assessing the relative 
contributions of financial literacy and numeracy in reach-
ing (or deviating from) the normative predictions as well as 

1  In the present paper, we will take maximization of the excepted 
value as the normatively correct strategy, mostly due to its straight-
forward calculation and interpretation. For the most part, our con-
clusions would be unchanged if Expected Utility was considered 
instead (with the added issue that a utility function would have to be 
assumed), as the latter should be a monotonously increasing function 
of the former (Von Neumann & Morgenstern, 1947).
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their interrelationship (e.g., independent, additive effects or 
mutual interactive magnification).

Method

Participants

One hundred adult participants (61 females; 39 males), 
aged between 23 and 68 years, (M = 35.28; DP = 8.193), 
with above-average or high-level qualifications (61% hold-
ing a masters and/or a Ph.D. and 31% with a bachelor’s 
degree) volunteered for the experiment. All the participants 
were unaware of the purpose of the study and had provided 
informed consent. The experimental protocol was approved 
by the Ethics Committee of the University of Coimbra.

Materials

A set of hypothetical scenarios involving a financial choice 
was used as the stimulus. The scenarios presented an ini-
tial value for a set of shares in an electrical company that, 
due to fluctuations in the market, would depreciate in 
value. The scenarios offered two options—either to sell the 
shares immediately at their current value (hereafter referred 
to as either the sure or the sell option) or sell the shares 
later with a specified probability of retaining or losing the 
entire initial amount (henceforth referred to as the gamble 
option). The initial value of the shares ranged from €100 
to €200 in increments of €20 (amounting to six possible 
initial values). As for the gamble option, the probability 
of retaining the initial value ranged from 20 to 80% (with 
the probability of losing the initial value provided by the 
complementary percentages), at intervals of 20% (thereby 

totalling four possible probabilities). The values of the sure 
option (Vsell) were calculated based on the expected value 
of the gamble option (EVgamble) with which it was paired 
for each combination of initial value and the probability of 
retaining the total amount: for each trial, the shares could 
be sold at either the nominal expected value for the gam-
ble option (i.e., Vsell = EVgamble), at a value 0.2 times higher 
(i.e., Vsell = EVgamble + 0.2 × EVgamble) or 0.2 times lower (i.e., 
Vsell = EVgamble − 0.2 × EVgamble). Furthermore, each sure 
option could be presented in terms of retained or lost value 
(framed as ‘keep X€’ or ‘lose X€’). Prior to the experimental 
task, all participants performed a series of practice trials, in 
all respects similar to the experimental task but with differ-
ent initial values (ranging from €20 to €80). For each trial, 
the initial value of the shares was presented in the centre 
of a computer screen for 3 s (e.g., ‘you have received 120€ 
in shares’). Immediately afterwards, the two choices [sure 
option (‘sell now’) and gamble option (‘sell later’)] were 
presented side by side within two white boxes (see Fig. 1) 
on an otherwise neutral grey background. The position 
of each option (right or left box) was randomised in each 
trial. The initial value of the shares was always displayed 
above the two options, for reference. Stimuli presentation, 
trial randomisation and collection of responses were pro-
grammed using PsychoPy (Peirce, 2007, 2009) and the sce-
narios presented on an 11.6′ inch screen (with a resolution 
of 1366 × 768 pixels and a 60 Hz refresh rate).

After completion of the experimental task, numeracy and 
financial literacy levels were assessed for all participants by 
employing the Abbreviated Numeracy Scale (Weller et al., 
2013; translated to Portuguese by the authors of this study) 
and the Financial Literacy Questionnaire (Bank of Portugal, 
2015), respectively. The Abbreviated Numeracy Scale con-
sists of eight open-ended questions, six of which are devised 

Fig. 1   Sequence of events in 
each trial
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to assess the understanding of probabilities and percentages 
while the remaining two are adapted from the Cognitive 
Reflection Test (Frederick, 2005) with the intention of trig-
gering intuitive but normatively erroneous answers, thus 
measuring to what extent the respondent is able to inhibit 
type 1 responses and replace them with type 2 versions. The 
scores for the Abbreviated Numeracy Scale are provided 
by the number of correct answers (up to a maximum of 
eight) and has been found to be a unidimensional measure 
of numeracy conforming closely to a normal distribution 
(Weller et al., 2013). For the present sample, Cronbach’s 
Alpha for the Abbreviated Numeracy Scale was found to 
be 0.73.

The Financial Literacy Questionnaire was devised by the 
Bank of Portugal (2015) in accordance with OECD guide-
lines and includes questions about financial attitudes, behav-
iour and knowledge. For this study, only the set of questions 
related to financial knowledge were used (for similar pro-
cedures see Lusardi & Mitchell, 2007, Lusardi & Mitchell, 
2007, 2011, 2014; Skagerlund et al., 2018). This section is 
composed of 30 questions (both open-ended and multiple 
choice) aimed at assessing the respondents’ understanding 
of inflation, simple interest rate, compound interest rate, 
diversification, risk/benefit balance, characteristics of the 
most common banking products, such as current and deposit 
accounts, credit card costs and loan interest rates, as well 
as concepts related to insurance and investment products. 
The number of correct responses (up to a maximum of 30) 
was taken as a measure of financial literacy and the value of 
Cronbach’s Alpha was found to be 0.8.

Procedure and design

Participants sat at about 60 cm from the screen without head 
constraints but asked to keep an upright posture. Written 
instructions for the experimental task were presented on 
the screen prior to the practice trials and the subsequent set 
of experimental trials. For each scenario, participants were 
instructed to select their preferred option (sure or gamble) 
by pressing either the ‘z’ or the ‘m’ key on a QWERTY 
keyboard to indicate the choice of alternatives displayed in 
the left of the right box, respectively. The trial was com-
pleted as soon as a response was provided, and a new trial 
was initiated after an inter-stimulus interval of 0.5 s. After 
completion of the task, participants answered the items con-
tained in the Abbreviated Numeracy Scale and the Financial 
Literacy Questionnaire and were debriefed. The experiment 
conformed to a factorial repeated-measures design given by 
6 (initial value: 100€, 120€, 140€, 160€, 180€ or 200€) × 4 
(win probability for the gamble option: 80%, 60%, 40% 
or 20%) × 3 (value difference between the sure option and 
expected value of the gamble, + 0.2, 0 or—0.2) × 2 (framing 
of the sure option: ‘keep’/’lose’), thus totalling 144 trials. 

Each session, including instructions, experimental task, 
responses to the questionnaires and debriefing, took about 
2 h per participant.

Results

Proportion of gamble choices

As was expected, a positive, albeit moderate, correla-
tion was found between financial literacy and numeracy, 
r(98) = 0.384, p < 0.001, R2 = 0.15. As a first approach to 
exploring the impact of financial literacy and numeracy 
on performance in the experimental task, the proportion 
of gamble choices was subjected to a factorial repeated-
measures ANCOVA including initial value, probability of 
retaining the entire initial amount (in the gamble option), 
framing of the sure option (keep or lose) and value differ-
ence between both options as repeated-measures factors, 
as well as numeracy and financial literacy as covariates. 
Focusing on the interactions between covariates (financial 
literacy and numeracy) and the repeated-measures variables, 
the following trends were ascertained: the formulation of 
the sure option (framing) interacted significantly with the 
degree of financial literacy, F(1, 97) = 4.59, p = 0.035, partial 
η2 = 0.045, but not with that of numeracy, F < 1. In contrast, 
the value difference between the sure and gamble option 
interacted significantly with numeracy, F(2, 194) = 10.23, 
p < 0.001, partial η2 = 0.095, but not with financial literacy, 
F < 1. As supplementary analyses, two more ANCOVAs 
were run, entering only the individual scores of financial 
literacy or of numeracy as covariates. In line with the pre-
vious outcomes, numeracy was found to interact signifi-
cantly with the value difference between the two options, 
F(2, 196) = 13.4, p < 0.001, partial η2 = 0.12, but not with 
the framing of the sure option, F < 1. On the other hand, 
financial literacy significantly interacted with the framing of 
the sure option, F(1, 98) = 4.11, p = 0.045, partial η2 = 0.04, 
but also with value differences, F(2, 196) = 3.06, p = 0.049, 
partial η2 = 0.043, most likely due to its significant correla-
tion with numeracy. Taken altogether, these trends suggest 
a dissociation between financial literacy and numeracy, with 
the former moderating framing effects and the latter affect-
ing sensitivity to expected values.

To scrutinise these effects more closely, participants were 
divided into subgroups of high and low financial literacy and 
numeracy, using as cut-off points the respective medians of 
the distribution of individual scores (19.5 for the Financial 
Literacy Questionnaire and 4.5 for the Abbreviated Numer-
acy Scale). Out of 100 participants, 26 were thus placed in 
the low financial literacy and low numeracy subgroup, 12 
in the high financial literacy and low numeracy sub-group, 
21 in the low financial literacy and high numeracy subgroup 
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and 41 in the high financial literacy and high numeracy sub-
group. The proportions of gamble choices were then sub-
jected to a mixed ANOVA including initial value, probability 
of retaining the entire amount (the gamble option), framing 
of the sure option and value difference between options as 
repeated-measures variables, and numeracy (high/low) and 
financial literacy (high/low) as between-participants factors. 
Whenever the sphericity assumption was not met, a Green-
house–Geisser correction for the degrees of freedom was 
performed.

Unsurprisingly, and overall, participants were found to 
be sensitive to value differences, choosing more frequently 
the option with the higher payoff, F(1.79, 172.05) = 170.28, 
p = 0.001, partial η2 = 0.639. However, they were also found 
to be more prone to choose the gamble option for lower ini-
tial values, F(4.3, 414) = 4.72, p = 0.001, partial η2 = 0.047, 
and for higher probabilities of retaining the entire amount, 
F(1.54, 147.89) = 16.05, p < 0.001, partial η2 = 0.143. More-
over, and of relevance, participants choose to gamble more 
often when the sure option was formulated in terms of the 
amount lost, F(1, 96) = 21.96, p = 0.001, partial η2 = 0.186, 
thus revealing a significant trend for risk propensity to avoid 
sure losses, in accordance with the framing effect. In addi-
tion, the probability of retaining the entire initial amount 
in the gamble option was found to interact significantly 
with the value difference between the two options, F(4.28, 
410.7) = 23.77, p < 0.001, partial η2 = 0.198, with partici-
pants being less able to discriminate the differences in value 
between both options when there was a lower probability 
of retaining the entire initial amount in the gamble. Fram-
ing of the sure option was also found to significantly inter-
act with the value difference between the two options, F(2, 
192) = 5.112, p = 0.007, partial η2 = 0.051, in a pattern in 
which the gamble option was more likely to be chosen when 
its expected value was equal to the sure option if formulated 
in terms of the amount lost. The framing effect, given by the 
higher likelihood of choosing the gamble option when paired 
with a sure option formulated in terms of losses, was also 
found to be amplified as the initial value increased, F(4.47, 
429.77) = 6.072, p < 0.001, partial η2 = 0.059. Finally, the 
effect of the difference between the expected value in the 
gamble option and the value associated with the immediate 
sale (sure option) was slightly greater for smaller initial val-
ues, F(10, 960) = 2.738, p = 0.003, partial η2 = 0.028.

In line with the ANCOVA results, numeracy, F(1.79, 
172.05) = 5.026, p = 0.01, partial η2 = 0.05, but not finan-
cial literacy, F < 1, interacted significantly with the differ-
ence in value associated with the options. Participants with 
higher numeracy proved to be more sensitive to differences 
in value between options, choosing the gamble option more 
frequently when its expected value exceeded the value of the 
sure option and vice-versa (see Fig. 2; particularly the higher 
slopes of the lines in panels C and D, when compared with 

panels A and B). On the other hand, financial literacy, F(1, 
96) = 6.94, p = 0.01, partial η2 = 0.067, but not numeracy, 
F(1, 96) = 1.58, p = 0.212, was found to modulate framing 
effects. Participants with higher levels of financial literacy 
chose the gamble option more often when paired with an 
immediate sell option formulated in terms of the amount 
lost, compared with mathematically equivalent cases in 
which the sure option indicated the amount retained (see 
Fig. 2; particularly the vertical separation of the lines in 
panels B and D, when compared with panels A and C). No 
other interaction achieved the statistical significance level. 
However, a significant main effect was found for financial 
literacy, F(1, 96) = 3.997, p = 0.048, partial η2 = 0.04, but not 
for numeracy, F < 1, with higher financial literate partici-
pants choosing the gamble option more often, across all con-
ditions, in comparison with their less literate counterparts.

Sensitivity to value and framing effects

The analyses so far seem to suggest a dissociation between 
financial literacy and numeracy, with the former linked more 
closely to higher framing effects and the latter associated 
with higher sensitivity to value differences between both 
options. So as to isolated these trends, measures for both 
effects were devised and computed.

An Index of Normative Rationality was obtained, for each 
participant, by calculating the ration between the slope of 
the best linear fit between the proportion of gamble choices 
and the value differential (across all combinations of fram-
ing, probability and initial value) and the slope which would 
have been obtained for a respondent who consistently chose 
the option with the higher payoff. This measure thus varies 
between 0 (a pattern of choices which do not depend on 
the values associated with each option) and 1 (a pattern of 
responses which maximises the expected payoffs). As for 
the framing effects, a Framing Index was obtained by the 
difference in the proportion of gamble choices when the sure 
option was formulated in terms of losses and when formu-
lated in terms of the amount retained (across all levels of 
value differential, probabilities and initial value). This meas-
ure thus reflects how much more likely a participant is to 
choose to gamble when faced with a sure option formulated 
in terms of losses (in comparison with retained amounts).

Figure 3 depicts the mean values obtained for the indexes 
of normative rationality (panel A) and framing (panel B) 
for the groups with high numeracy (white columns), low 
numeracy (grey columns), low financial literacy (columns 
on the left side) and high financial literacy (right-hand col-
umns). In line with the previous analyses, it can be observed 
that irrespective of the level of financial literacy, the index 
of normative rationality tends to be higher for participants 
with higher levels of numeracy. Likewise, the framing index 
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increases for participants with higher financial literacy lev-
els, regardless of their numeracy levels.

Statistical analysis supported visual inspection. The 
indexes of normative rationality and framing were entered 

as dependent variables in a MANOVA, with financial lit-
eracy and numeracy levels as between-participants factors. 
Numeracy, F(1, 96) = 7.61, p = 0.007, partial η2 = 0.073, 
but not financial literacy, F < 1, significantly determined 

Fig. 2   Proportion of gamble choices as a function of the value differ-
ential between alternatives (gamble and sure option; abscissa), fram-
ing of the sure option (keep or lose a certain number of shares; line 

parameter), financial literacy (high/low; panel columns) and numer-
acy subgroups (high/low; panel rows). Vertical error bars depict the 
standard error of the means
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the index of normative rationality, with participants with 
higher numeracy more consistently choosing the option with 
higher payoffs, irrespective of their financial literacy levels, 
and as ascertained by a null interaction, F < 1. The inverse 
pattern of results was found regarding the framing index, 
which significantly depended on financial literacy, F(1, 
96) = 6.941, p = 0.01, partial η2 = 0.067, but not numeracy, 
F(1, 96) = 1.58, p = 0.212. Overall, choices involving the 
gambling option were significantly affected by the formula-
tion of the sure option and more so for those participants 
with higher levels of financial literacy, regardless of their 
numeracy levels, and as expressed by a null interaction out-
come between both sets of expertise levels, F < 1.

The outcomes strongly suggest that higher financial lit-
eracy far from immunising against framing effects might 
actually amplify them. On the contrary, higher levels of 
numeracy seem to enhance sensitivity to differences in value 
between the two options in such a way that numerate par-
ticipants are more prone to choose the better-valued alterna-
tive more frequently. It could be argued that these outcomes 
result from the subdivision of the participants into sub-
groups. However, in opposition to such an interpretation and 
when considering the entire range of scores, individual fram-
ing indexes were found to be significantly correlated with 
individual financial literacy levels, r(98) = 0.201, p = 0.045, 
but not with the individual numeracy scores, r(98) = 0.011, 
p = 0.912. Moreover, the correlation remained significant 
when controlling for numeracy, r(97) = 0.213, p = 0.035. 

Similarly, the individual indexes of normative rationality 
were found to be significantly correlated with the numeracy 
scores, r(98) = 0.42, p < 0.001, but also with financial lit-
eracy, r(98) = 0.211, p = 0.035. However, the latter correla-
tion was found to be null when controlling for numeracy, 
r(97) = 0.059, p = 0.561.

Discussion and conclusion

This study aimed to ascertain the differential role of numer-
acy and financial literacy in decision-making under risk and 
uncertainty. Contrary to what would be expected, our results 
suggest that numeracy and financial literacy, taken as rel-
evant sets of expert knowledge, underlie and moderate dif-
ferent response patterns—while numeracy seems to promote 
responses that conform to the normative model of rational 
choice, financial literacy chiefly magnifies susceptibility to 
framing effects.

Regarding numeracy skills, highly numerate participants 
were found to conform more closely with the normative 
standards of rationality, choosing the options with the higher 
expected payoffs more consistently, putatively implying the 
operation of deliberative cognitive processes. This result is 
in line with extant research showing that individuals with 
greater numeracy are more sensitive to numerical infor-
mation and less influenced by non-numerical information, 
and thus more likely to conform to prescriptions of rational 

Fig. 3   Mean individual indexes of rationality (sensitivity to differ-
ences in value be-tween alternatives; a) and framing (differences in 
the proportion of choices of the gamble when the sure option was 
posed in terms of the amount lost or kept; b) for participants with 

low (left columns in each panel) or high (right columns in each panel) 
financial literacy and low (grey columns) or high (white columns) 
numeracy. Vertical error bars depict the standard error of the means
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choice theory (Peters, 2012; Peters et al., 2006). Likewise, 
the found outcome is in line with dual-process approaches 
which emphasise a requirement for pre-existing relevant 
mindware for the emergence of Type 2 responses (Evans & 
Stanovich, 2013; Stanovich et al., 2011, 2016).

Strikingly, financial literacy, which could also be taken 
as relevant mindware for the type of decisions involved in 
our task, not only failed to significantly affect the degree 
to which participants conformed to normative standards 
of rationality (e.g., the maximising of expected value), but 
was actually found to increase framing effects. That is, par-
ticipants with higher levels of financial literacy were more 
prone to choose the gamble option when it was paired with 
a sure option formulated in terms of losses, in comparison 
with an equivalent problem formulated in terms of retained 
value, ceteris paribus. Since framing effects, defined as a 
change in response patterns for mathematically equivalent 
problems when posed in terms of gains or losses (as was the 
case in this study), are usually taken as a gross infraction of 
the invariance principle and thus disclosing the interference 
of intuitive-laden loss aversion in decision-making (Kanhe-
man & Frederick, 2007), our results would seem to suggest 
that financial literacy might actually amplify, rather than 
dampen, Type 1 responses and, by extension, to have a detri-
mental effect on financial decision-making. Within the scope 
of Prospect Theory, where framing effects are modulated as 
an asymmetric sensitivity to changes in expected utility, with 
losses being valued more heavily than gains, these results 
suggest that, in comparison with less financially literate par-
ticipants, those with higher levels of financial literacy are 
particularly prone to take risks to avoid a sure loss (Kahne-
man & Tversky, 1979).

The obtained outcomes, with financial literacy augment-
ing type 1 responses and decision biases, are unexpected 
and not entirely congruent with available research. While 
financial literacy has been reported to have, on average, no 
effect on financial decision making (see, e.g., Fernandes, 
Lynch, & Netemeyer, 2014), to the best of our knowledge, 
the present study might be the first to actually suggest a det-
rimental effect of financial literacy. It could be argued that 
the absence of incentives might, at least partially, explain the 
results. Indeed, it is still a matter of contention the degree to 
which tangible rewards in decision tasks dampen or elimi-
nate altogether commonly found bias and errors (cf. e.g., 
Hertwig & Ortmann, 2001). Monetary payments seem to 
increase the amount of effort and attention and to eliminate 
careless errors, although not ‘cognitive illusions’ involved in 
reported departures from rationality (Arkes 1991; Camerer 
& Hogarth, 1999; Grether & Plot, 1979; Lichtenstein & 
Slovic, 1973). In fact, these errors seem to persist even when 
sizable incentives are involved in the experimental ultima-
tum game (e.g., three times the monthly expenditure in Indo-
nesia, cf. Cameron, 1999), or even in real world contexts, 

such as in stock investment (Barber & Odean, 2000; Benartzi 
& Thaler, 2001). But even when granting the possibility that 
the absence of incentives explains the underperformance 
of the financially literate, by positing that lack of motiva-
tion led them to adopt the default (illiterate) path, it would 
leave unaccounted the difference with their lesser literate 
counterparts, i.e. that financial literacy heightens the fram-
ing effects. Relatedly, it is worth noticing that, since real-
world financial decisions imply real payoffs and losses and, 
therefore, impact significantly on people’s lives, it might 
also be argued that our results do not extend beyond the 
laboratorial setting. Without eschewing these concerns, it 
can as easily be argued that our results emerged not because 
our task involved hypothetical scenarios and merely virtual 
payoffs, but despite that very fact. Specifically, in referring 
to the higher susceptibility to framing effects for the highly 
financially literate participants, it would be hard to explain 
how such trends would emerge solely for a laboratory task 
and not in real-world financial settings (while the reverse 
would be plausible).

All things considered, we can, however, put forth a more 
sensible and plausible account for the found outcomes. By 
virtue of their greater familiarity with financial matters and 
risks associated with an investment in capital markets, it 
might be the case that the mental representations of the 
posed problems, for the highly financially literate individu-
als, more fully capture hypothetical financial aspects that 
are easily neglected by less financially literate individuals. 
That is, it might be argued that respondents with less finan-
cial knowledge, due to a lack of expertise in the financial 
domain, approached the posed scenarios merely as mathe-
matical problems, not fully considering actual consequences, 
and were thus less susceptible to framing effects.

Be it as it may, our results do not support the assertion 
that financial literacy, in itself, provides an immunising 
effect for decision-making biases, in general, and framing 
effects, in particular. The outcomes serve to qualify efforts 
aimed at increasing financial knowledge among the general 
population. Albeit valuable and unquestionably useful, pro-
grammes aiming to foster financial literacy might not be 
effective in reducing decision-making biases, such as fram-
ing effects, not uncommonly pinpointed as relevant factors 
in explaining flawed financial behaviour (Chater, Huck, & 
Inderst, 2010; Choi, Laibson & Madrian, 2005; Thaler & 
Sunstein, 2008). Notably, the same applies to numeracy 
which, although linked in our study with higher sensitivity 
to differences in expected value, proved to be unrelated to 
the degree to which participants fell prey to framing effects. 
As a matter of fact, and despite our replication of a signifi-
cant correlation between the scores of financial literacy and 
numeracy (see also Skagerlund et al., 2018), this study also 
disclosed a dissociation between both sets of expert knowl-
edge. While numeracy was found to significantly modulate 
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sensitivity to differences in expected value between options, 
with more numerate participants choosing the option with 
the higher payoff more consistently, higher levels of finan-
cial literacy seemed to impact solely on the susceptibility to 
framing effects. Furthermore, we found no evidence for a 
significant interaction involving both patterns of responses, 
suggesting that the effects of numeracy and financial literacy 
are independent of each other and may act additively. As 
such, and insofar as a single individual may simultaneously 
possess both skills, he or she may be prone to display an 
increased sensitivity to the values of the available alterna-
tives as well as an increased susceptibility to loss aversion.
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