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Abstract: A large body of experimental research has provided
empirical support for the link between cognitive ability and attitudes towards
risk. However, the findings have not been consistently confirmed. In this
study, we try to investigate whether the relationship between cognitive ability
and risk aversion is sensitive to the availability of the safe option condition—
the availability of a riskless alternative in which a positive amount of money
can be obtained with certainty. The subjects (n = 112) were divided into high-
(n = 42) and low (n = 40) cognitive abilities according to their scores on
Raven's Colored Progressive Matrices Test (RCPM). We conducted a
laboratory experiment in which subjects with two groups made both safe and
unsafe risky decisions using the Bomb Risk Elicitation Task (BRET). The
experimental findings revealed that the relationship between cognitive ability
and risk aversion is insensitive to safe option conditions as the high cognitive
ability group performed more riskier than the low ability group even with the
availability of riskless alternatives. Moreover, introducing the riskless
alternative makes both high- and low-cognitive ability groups more risk-
tolerant in both high- and low-risk-loving domains.

Keywords: Cognitive ability, Risk aversion, Safe option, Risk-preferences



mailto:Mohamed.Rashwan@bue.edu.eg

MSA-Management science journal
ISSN 2974-3036
Volume: 3, Issue:4, Year: 2024 pp. 1-27

Introduction

Egypt has a diversified and fast-growing economy that is heavily
reliant on the country’s abundant natural resources in the form of agriculture,
industry and services. Despite its diversified economic structure, Egypt is still
confronted with considerable economic difficulties, such as a high rate of
unemployment, a large trade deficit, and a high public debt that has been
exacerbated by a lack of economic growth and a shortage of foreign currency.
Hence, the government has implemented a series of economic reforms to boost
the country's economic growth, including floating the Egyptian pound,
reducing subsidies, and liberalizing policies to address these challenges.
However, these measures have also led to increased prices and further strain
on the population. In such a considerably uncertain situation, the financial
decision is affected by emotion and backed with logic or confirmation.

A large body of experimental research in psychology has concluded
that individuals differ in their cognitive ability as not all people approach
cognitive activity in the same way. Age, gender, expertise, and stylistic
differences among people can influence their efficiency in acquiring and/or
processing information. In response, the experimental research in behavioral
economics has started to pay attention to how cognitive ability affects
economic behaviors for instance saving, debt, investing in stock, and tax-
paying. The relationship between cognitive ability and financial and/or
economic behavior is also found in the context of an individual’s attitude
toward risk assumed to be a key determinant of human decision-making
especially in the financial context. Hence, the relationship between cognitive
ability and attitude toward risk has received much attention in the field of
behavioral economics because it may have interesting implications in terms of
reforming education and training to improve people’s saving and investment
habits. However, since neither risk attitude nor cognitive ability can be
observed directly, there is no consensus among researchers regarding the
nature of that association. Moreover, a lack of consensus among researchers
has been found regarding the reasons behind why cognitive ability is
associated with risk attitude, and if so, to what extent.

In the past two decades, some studies have found that highly intelligent
individuals tend to be less risk-averse (Benjamin, Brown, & Shapiro, 2013;
Dohmen, Falk, Huffman & Sunde, 2018; Lareau and Kessler, 2019; Boyer,
2006; Chapman, Snowberg, Wang, & Camerer, 2018), while several studies
did not find that cognitive ability could be associated with risk aversion
(Brafias-Garza, Guillen, & Lopez del Paso, 2008). The main characteristics
correlate with the likelihood of observing heterogeneity of research results: a)
the cognitive ability is heavily depends on the elicitation method adopted
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whether the risk aversion is measured using real-world risky behavior,
experimental measures of risky choice, or by self-reported measures, b) the
association between the cognitive ability and attitude towards risk may be
affected by the incentive conditions of risk-elicitation whether it is
hypothetical or real incentive, c) the choice design of decision task used to
elicit risk preferences, as the relationship between the cognitive ability and
risk aversion may be dependent on the percentage of alternative responses
indicating risk aversion whether the percentage is high or low, d) the
multidimensional nature of cognitive ability and the presence of many
different types of tests for measuring the cognitive ability (e.g., Wechsler
Adult Intelligence Scale (WAIS), which refers to a person’s global capacity to
act purposefully, to think rationally, and to deal effectively with his
environment; Raven’s Progressive Matrices (RPM) test, which tries to
measure abstract reasoning more closely related to fluid intelligence), risk
preference might be related to some facets of cognitive ability but not others.

More recently, the safe option defined as the availability of a riskless
alternative in which a positive amount of money can be obtained with certainty
among the set of alternatives has been studied by Filippin and Crosetto (2017)
to observe if it induces gender-specific behavior towards taking decision under
risk. Though this attempt does not tackle the issue of investigating relationship
between the cognitive ability and risk aversion under the safe option condition,
it provides a roadmap for future research in terms of models that are suitable
to rationalize the effect of the safe option. To the best of our knowledge, the
role of the safe option mechanism in the relationship between cognitive ability
and risk aversion has not been investigated. Nor we are not aware of any
specific studies on the topic of cognitive ability and risk aversion in Egypt.
Our paper fills this gap. Therefore, this study presents experimental evidence
of the role of safe option in modulating the relationship between the cognitive
ability and the risk aversion. This may provide insight into ways to improve
financial decision making and stability in the economy. We hypothesized that
the relationship between cognitive ability and risk preferences may be affected
by the availability of safe option conditions in the risk-elicitation task. We
conducted laboratory experiment in which subjects made both safe and unsafe
risky decisions, from which we elicited their willingness to take risks, so that
we could observe whether the association between cognitive ability and risk
aversion is sensitive to the availability of a riskless alternative.

We find that those with higher cognitive ability tend to engage in
behavior that is riskier, while those with lower cognitive ability tend to engage
in behavior that is less risky when the experiment mode was designed with
both unsafe and safe options. To the best of our knowledge, this paper is the
first attempt to systematically investigate the role of safe option mechanism in
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shaping the relationship between cognitive ability and risk aversion. Hence,
the findings are informative as it is trying to give some hints about how the
safe option might be involved in this association, urging researchers to
replicate this study with other cognitive ability measurements and other
experimental measures of risky choice to gain a comprehensive understanding
of the role of safe option mechanism in shaping this fundamental association.

The remainder of the paper is organized into four sections. The next
section briefly provides a brief overview of the literature. Section 3 presents
the experimental design, procedures, and descriptive statistics. Finally,
Section 4 presents the results and discusses of overall findings. The Arabic
experimental instructions are available in the paper’s appendix.

Related Literature

Cognitive ability which usually refers to the individual’s ability to
think, reason, remember, learn, and understand information plays a substantial
role in decision-making, as it outline how people acquire and process
information to make informed decisions (Fisher, Chacon, & Chaffee, 2019).
In the context of behavioral economics and finance, a growing body of
literature has been published on investigating the association between
cognitive ability and decision under risk, aiming to understand the
fundamental background that shapes this association, and how it may affect
the financial decision(s). Within this body of literature, some research attempts
examine the association between risk attitude and cognitive ability. Risk
attitude can be defined as any consciously or non-consciously controlled
behavior with a perceived uncertainty about its outcome, and/or about its
possible benefits or costs for the physical, economic, or psycho-social well-
being of oneself or others (Trimpop,1994). The attempts assess the attitude
towards risk aversion using several standardized tasks in which participants
are presented with a binary choice between a lottery and a predetermined sum
of money. Others involve either real or hypothetical gambling choices.
However, these research attempts also differ in terms of measuring the
cognitive ability and the aspects of cognition they consider, as well as for risk
aversion behavior across different contexts of demographic and
socioeconomic characteristics. It is worth mentioning that the relationship
between cognition and Risk-Taking Behavior has been investigated in
different nonexperimental settings. Boyer (2006) reviews four strands of
research in the developmental psychology literature on risk-taking behaviors
in situations that involve undesirable real-world risks, such as substance use,
alcohol consumption, unsafe sexual behavior, or criminal behavior. Also,
Agarwal and Mazumder (2013) relate a measure of cognitive skills that is
based on the Armed Forces Qualifying Test (AFQT) score to the optimal use
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of credit cards for convenience transactions and to financial mistakes on a
home equity loan application.

To support the notion that cognitive ability plays a substantial role in
the performance of financial tasks (i.e., informed investment decision-making)
under experimental settings. Lusardi & Mitchell (2011) show that higher
cognitive ability leads to better performance on investment decisions such as
budgeting and saving. Greenwood and Shleifer (2017) conducted a study to
explore the association between cognitive ability and investment choice. They
used a natural experiment to explore this association. The results showed that
higher cognitive ability was associated with more cautious investment
decisions. They concluded that cognitive ability is an important factor to
consider when studying and understanding the individual’s investment
behavior. Ebert and Roider (2019) conducted laboratory experiment to
investigate the effect of the cognitive ability on participants’ investment
decisions. the results have shown that the participants with higher cognitive
ability made more rational investment decisions and were less prone to biases
in decision-making.

Regarding the risk attitude, the association between cognitive ability
and risk attitude has been studied extensively. In 1998, Weber & Hsee
conducted one of the earliest studies to demonstrate that people with higher
cognitive ability are less likely to be risk averse in task involving financial
decision-making, and that association was mediated by their ability to process
and analyze intricate information. Subsequent studies have also found similar
results. According to Malmendier and Nagel (2011), cognitive ability plays a
significant role in investment decision making and individuals with higher
cognitive ability are more likely to invest in stocks and other risky financial
assets. Based on research of Dohmen et al. (2018), an individual with a higher
cognitive ability is significantly more willing to take risks in the lottery
experiments compared with those with lower cognitive ability. Similar results
are found by Sunde et al. (2010) and Burks et al. (2009).

However, the findings are more mixed than it seems. Sapienza &
Zingales (2018), investigate the relationship between cognitive ability and
investment risk-taking. The study is based on field data from a large sample
of investors in Italy and the United States. The results show that cognitive
ability is negatively associated with investment risk-taking. This means that
individuals with higher cognitive ability tend to take fewer risks in their
investments compared to those with lower cognitive ability. The study also
outlines that the relationship between cognitive ability and risk attitude is
robust across different countries, age groups, and levels of education.
Similarly, Lareau and Kessler (2019) found that cognitive ability is a strong
predictor of risk attitudes in financial decision making and individuals with
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higher cognitive ability are less likely to engage in risky financial behavior.
Breaban et al. (2016) observed that larger cognitive ability as measured by
Raven test scores can be associated with greater prudence (precautious) that
acts as predictor of risk aversion.

A study by Brouwer et al. (2011) found that individuals with higher
cognitive ability were more likely to avoid risky investments, and that this
relationship was mediated by their ability to understand and analyze financial
information. This study provides evidence that cognitive ability may lead to
more risk-averse behavior as individuals with higher cognitive ability tend to
be more aware of the potential risks and rewards, and as a result, may avoid
certain investments that seem too risky. Moreover, the association between
cognitive ability and risk aversion is rather weak (Benjamin, Brown, &
Shapiro, 2013) and evidence of no association between the two is found in
Brafas-Garza, Guillen, and del Paso (2008) and Eckel et al. (2012). For
instance, Lusardi and Mitchell (2011) have found no significant correlation
between cognitive ability and risk-taking behavior. These studies suggest that
other factors, such as personality traits or cultural background, may play a
substantial role in determining an individual's attitude towards risk. There are
other attempts aim to study the association between cognitive ability and risk
aversion that moderated by several factors such as 1) demographic
characteristics (i.e., age, gender, race, income, education, and employment);
2) class of decision task used to measure risk aversion (i.e., was it incentivized,
was the payoffs varied or kept constant, and if there was a certain option or
not); 3) personality traits, 4) cultural background; and 5) life experiences. One
of these factors that studied recently is the availability of riskless alternative
or safe option (Lilleholt, L., 2019).

Frederick (2005) examines the relation between performance
measured by Cognitive Reflection Test (CRT) and risk and time preferences.
Using a variety of hypothetical choices between a certain amount of money
and a gamble, he finds that subjects with high CRT, were more willing to
choose the gamble option over the safe one in the domain of gains than subject
with low CRT (those who scored zero). In the domains of losses, however, the
high CRT group was more willing to play safe and accept a sure loss instead
of playing a lottery with a worse expected value. Benjamin et al. (2013),
conduct three laboratory studies with high school students in Chile in which
they examine the influence of standardized test scores and school grades,
proxies for cognitive ability, on risk and time preferences. In his second
experiment, the participants were asked to choose between option (A) (the safe
bet) 250 pesos [$0.49], and option (B) (the risky bet) 0 pesos with probability
50% and X with probability 50%. They find that the association between risk
aversion and cognitive ability is weak under the safe option condition.
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Recently, the safe option has been studied by Filippin and Crosetto (2017) to
observe if it induces gender-specific behavior towards taking decision under
risk. They manipulate three widely used risk elicitation methods (Holt and
Laury Task (HL), The Bomb Risk Elicitation Task (BRET), and the classic
Eckel and Grossman task) finding that the availability of a safe option causally
affects risk attitudes. Though this attempt does not tackle the issue of
understanding the association between the cognitive ability and risk aversion,
it provides a roadmap for future research in terms of models that are suitable
to rationalize the effect of the safe option on risk attitude.

In conclusion, the literature on the relationship between cognitive
ability and attitude towards risk is diverse, with studies providing different
perspectives on this association. Some studies have found a positive
correlation, while others have found no significant correlation or even a
negative correlation. Additionally, the literature suggests that the availability
of safe option may moderate the relationship between cognitive ability and
risk-taking behavior. However, the results of this studies are mixed due to the
payoff structure of the safe option and the decision task used to measure risk
aversion. Though most of these studies used different risk aversion measures
with safe option format such as Multiple Price List (MPL), One Gambling
Task (OGT), Lottery Task (LT), and Portfolio Choice Task (PCT)...etc. They
do not look at the safe option version of BRET in exploring the association
between cognitive ability and risk aversion. We are not aware of any such
study. This is an important gap in the literature, particularly given the rather
mixed results of studies interest in investigating the association between
cognitive ability and risk aversion. By conducting the experiment in Egypt,
we aim to enlighten policy and decision makers about the importance of the
cognitive ability in the financial literacy specifically risk behavior.

In this paper, we aim to explore the influence of safe option measured
by BRET in shaping the association between cognitive ability and risk aversion
by testing whether individuals with high and low cognitive ability would
change their attitude toward risk if the riskless alternative were available. We
hypothesized that if the baseline version of the BRET induces difference in
risk aversion between the high and low cognitive ability, we should expect to
observe these differences in the BRETsate condition.

Experimental Design and Procedures

The study uses the computerized “Psychology lab” at the Basic and
Applied Psychology department, the British University in Egypt (BUE). All
the students at the British University in Egypt from preparatory to seniors in
the academic year (2021-22) are eligible to participate in this study. In
November 2021, an official invitation was sent to all students by the standard
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university e-mail. After clarifying the main aim and nature of the study, we
asked the students to participate in a scientific experiment. We explained that
the study will take place in three phases. In its first phase: “Pre-experimental
Implementation”, a test of cognitive ability will be administered to all
participants with no incentives or compensation. Then they might be re-invited
to participate in the next two phases, “Experiment 1 and “Experiment 2”, in
which money could be earned in cash. By the end of the invitation message,
we clarify that their participation implied full of confidentiality of their
responses. The two laboratory experiments follow the standards that routinely
direct laboratory experiment such as no deception, the payment will be earned
based on participant’s decision in the risk aversion elicitation task, and
procedures respect to instructions.

In the pre-experimental implementation”, we administered the Raven
Colored Progressive Matrices (RCPM) to all participants who respond to our
experiment’s call. The main aim of this phase is to assess the participants’
cognitive ability. This phase ended with administering a sociodemographic
questionnaire. We divide the participants based on their test scores into two
groups (high and low) using the interquartile range. Figure 1 describes the
timeline of this experiment.

In the second phase, we invited the subjects who received high and low
cognitive ability scores to participate in the Experiment 1. The main objective
of this phase is to measure risk aversion by using the classic BRET in which
participants are required to decide how many boxes to collect in a matrix
containing 100 boxes, one of which hides a bomb (Crosetto and Filippin,
2013). The payoff of each box collected is the same. Hence, the potential
earning increases linearly. In case the box with the bomb is collected, the
payoff for the whole round is zero.

In the third phase, we re-invited the same subjects (high and low
groups) to participate in Experiment 2. The main objective of this phase is to
measure the risk aversion under the safe option. We follow Filippin and
Crosetto (2017) using the BRET in the safe option condition in which a riskless
alternative is made available by preventing the time bomb to be in the first 25.
In the remainder of this section, we will give a more detailed description of
the relevant parts of each phase.

Figure 1. Timeline of Experiment

Raven Colored Risk aversion without Risk aversion under
Progressive Matrices safe option the safe option
(RCPM)
\ ]\ J \ J
| | |
Phase 1 Phase 2 Phase 3
Cognitive ability test Risk Measurement in Risk Measurement in

Sociodemographic questionnaire the gain domain the gain domain
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The complete subject characteristics were examined using means,
standard deviation, and percentages. We used the two-way mixed design to
investigate whether the relationship between cognitive ability and risk
aversion is affected by the safe option of BRET’s elicitation task. The
interquartile range was calculated to divide the complete sample into high and
low cognitive ability groups. SPSS Statistics 23.0 (IBM SPSS Statistics) was
used. The p-values below 0.05 were statistically significant.

Pre-experimental Implementation

Design

This phase involved two sections. In the first section, we elicit
subjects’ cognitive ability test by administering the Arabic version of RCPM
that standardized on a sample of Egyptian society? contains 14000 child (M =
5.5 t0 16.4 years) and 11100 adults (M = 16.5 to 68.4). It is a non-verbal and
cross-cultural test used to assess the subjects’ reasoning and their general
ability of organized thinking. The Arabic Egyptian version of the test contains
3 sections (A), (AB), and (B) each of which has 12 items. The test in its final
version includes 36 items, each one presented a drawing with one missing
symbol that exists in six alternatives. For the answer, the subject required to
choose one out of six offered response-symbols. Each next drawing has a
unique design, but the changes from one symbol to the next consequently
follow a certain principle. This principle has to be inferred by the subject. To
assess the cognitive ability, a raw score of one point was given for each correct
answer, and the total raw score was the sum of the correct answers, with a
maximum score of 36. Additionally, on the basis of the raw score of correct
answers and the age of each subject the intelligence quotient was estimated
according to a standardized key norms table conduced on Egyptian sample
(see Appendix A). Section two was implemented after the subjects had
finished the RCPM. They were asked to fill out a brief questionnaire
containing information regarding their socioeconomic status.

Administration

We received 112 responses; all of them took part in the pre-
experimental implementation phase. We conducted 5 sessions with average
(M = 18.67) participants in each session. The experiment was conducted in a
timeless and paper-and-pencil format with average session time 22.8 minutes.
Upon their arrival, subjects sat at isolated desks. Before reading the
instructions, we clarify again that this phase will be administered to assess

2 Hassan, E. A. (2016). Raven Colored Progressive Matrices. The Anglo Egyptian
Publisher, Cairo.
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their cognitive ability with no incentives. Then Instructions of RCPM’s
sections (A), (AB), and (B) were read aloud by the experimenter. After the
subjects completed the RCPM, they were asked to fill out the
sociodemographic questionnaire. After completing the questionnaire, we
announce that we may invite some of them to participate in the next two phases
on our experiment.

Descriptive Statistics

A total 112 students at the British University in Egypt respond and
attend the pre-experimental phase see Table 1. Most of the sample are female
with an average age of 19.69 years. Most students attending the sessions were
enrolled in Arts and Humanities major (56.30%) and less than half of them
were distributed among business, technology, engineering, and medical
majors. The average month income for all samples was 7517.86 L.E.
($481.14).

Table 1. Sociodemographic features of sample (N = 112)

N (%) Mean SD 1¥Q  39Q  Min Max
Gender
Male 48 (42.86)
Female 64 (57.14) - - - - - -
Age (in years) - 19.55 .96 - - 18 23
Monthly income (in L.E.) - 7517.86  3784.11 - - 1000 15000
Field of study
Humanities 63 (56.30)
Business 19 (17.00)
Technology 5 (4.50)
Engineering 16 (14.30)
Medical 9 (8.00)
Cognitive Ability
RCPM Percentile rank 72.10 19.12 50 90 25 95
*Q = Quartile

Experiment 1: BRET (Baseline condition)

In this section, we report the first experiment to examine the
relationship between cognitive ability and risk aversion in BRET baseline
condition. Before introducing the experimental design, administration, and
descriptive statistics, we report that we implemented a version of BRET
introduced by Crosetto and Filippin (2013) using C# programming language
(Microsoft Visual Studio® 2019, .Net framework 4.7.2, Version 1803) to
provide an Arabic Interface to non-English speakers.

Design
In this experiment, we follow Crosetto and Filippin (2013) in which
subjects who sat at isolated desks Infront of computer screen face a 10 x 10
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square where each cell represents a box. 99 boxes are blank, while one is a
time bomb. Every second one box is automatically collected (opened).
Subjects must decide how many boxes they want to collect, i.e., K" € [0,100],
by clicking the Stop button. The position of the time bomb b € [1, 100] is
determined after the choice is made by the subjects who draw a number
randomly from 100 from an urn. If k; > b, this implies that the subject
acquired the bomb, which by exploding it takes away all their money. On the
other hand, if k; <b, subject i leaves the minefield with no bomb and earns 2
L.E. ($ 0.13) 2 for every box collected. The BRET interface displays
probabilities visually, enabling subjects to track the number of boxes collected
and the number of boxes remaining. This is clearly shown in Figure 1.

k
BRET — 100 — k
100
The degree of risk aversion negatively correlates with the choice of k
and a risk-neutral subject should choose k™ = 50. In this experiment, we used
The BRET version that does not provide safe options as the only amount of
money that can be secured with certainty is zero, when subject i chooses k = 0
or k = 100. Hence, the choice of k implies a comparison between uncertain
amounts only and it can therefore be used to build a pure measure of risk
aversion in which certainty effects play no role.
Figure 2 presents a screenshot of the baseline BRET. Subject i starts
the game by pressing start button. After 15 seconds the subject collected 15
boxes (k =15) and decides to stop the game. The screen presents that collected
boxes are 15, the remaining boxes are 85, and the subject may earn 30 L.E.
($1.91). by the end of the game, the subject will be requested to pick a number
from b = [1, 100] randomly from an urn. If b < 15, then the subject leaves the
minefield with no money. Otherwise, the subject will earn 30.00 L.E. ($1.91).
Since the subject decided to stop at k = 15 (< 50), then the subject’s degree of
risk aversion is high.

3 At the time, 1.00 L.E. = US $ 0.064
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Figure 2. The Arabic Interface of Baseline BRET after 15 Seconds

©
Data About Help Tests Collected
/ boxes.
15 dzomall Goliall
30.00 wmll, ot €—LE
85 M\;,;L.ﬂl\

Remaining
boxes

Start Button Stop Button

Administration

A total of 82 subjects invited and took part in the experiment 1 after
excluding 30 cases from the analysis who received RCPM scores < 90 and >50
(30 cases of interquartile). 42 subjects included in the high cognitive ability
group who received RCPM score > 90 and 40 subjects included in the low
cognitive ability group who received RCPM score < 50. The experiment was
computerized and used the baseline BRET with Arabic interface. We ran the
experiment in 4 sessions in which 2 sessions were held for each group over
four days. Sessions lasted about 51 minutes.

Upon their arrival, the subjects sat at isolated desks. The Arabic
instructions of the experiment 1 were read aloud by the experimenter (see
Appendix B). After we explained what BRET task would look like, the
subjects started completing the task with the understanding that location of the
bomb would be selected at random at the end of the experiment to determine
their earnings. If they selected a number less than or equal the number of
collected boxes they decided, then they will earn no money. Otherwise, they
will receive the payoff according to the number of collected boxes multiplied
by 2 L.E. On average, high cognitive ability group earned 107.14 L.E. (US
$6.86) and low cognitive ability groups earned 53.53 L.E. (US $3.43).

Descriptive Statistics

Table 2 presents overall statistics for the hi- and low-cognitive ability
subjects in Experiment 1. There are more female students in low cognitive
ability group, while more males are engaging in the high cognitive ability
group. Most students attending experiment 1 were enrolled in Arts and
Humanities major in both groups. engaging on the activities, and most are
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white with average age of 19 years. The socioeconomic background
information for both high- and low cognitive ability group indicated that they
had approximately the same average monthly income. The high cognitive
ability group earned more amount of money (107.14 L.E.; $6.86) than low
cognitive ability group.

Table 2. Sociodemographic Features of High and Low Cognitive Ability Groups

High Cognitive Ability (N=42)

Low Cognitive Ability (N=40)

N Mean Min-Max N Mean Min-Max
(%) (SD) (%) (SD)
Gender
30 9
Male (71.43) - (22.50) - -
Female 12 - 31 - -
(28.57) (77.50)
Age (in years) - 1(98?’:;) 18-22 - 1(9955’ 18-23
Monthly income (L.E.) : (;ggggg) 4000-15000 i (1235122) 1000-15000
Field of study
Humanities 21 - - 25 - -
(50.00) (62.50)
Business ! - - S - -
(16.70) (12.50)
2 2
Technology (4.80) - - (5.00) - -
L 11 3
Engineering (26.20) - - (7.50) - -
. 1 5
Medical (2.40) - - (12.50) - -
Cognitive Ability
RCPM Percentile rank - ?22523 90-95 - ?58'5725)' 25-50
Payoff
Amount of money (L.E.) (12007.51(543 64-128 - (?ggg) 20-90

Experiment 2: BRET (Safe option condition)

We report in this section the second experiment to examine the
relationship between risk aversion and cognitive ability in a safe option
setting. Before introducing the design, procedures, and descriptive statistics
we note that we experimented on the same participants who participated in
experiment 1. Thus, the descriptive statistics information is the same except
for the amount of money earned. We follow the standards that routinely direct
experiment 1 except for some changes in the instructions that related to the
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safe option condition, the payments were earned the same way in experiment
1.

Design

In experiment 2, we follow Filippin and Crosetto (2017) to measure
the differences between high- and low- ability groups in risk aversion in a safe
option condition. The BRETsate is designed by preventing the time bomb in
the first 25 boxes. In other words, by choosing k < 25 subjects can secure a
positive amount without incurring any risk (earning probability = 1). Figure 3
displays the graphical interface of the BRETsate. As an example, by choosing k
= 20 the subject earns 40 L.E. ($2.56) for sure which is the value of 20 boxes
because the time bomb can only be in b € [26, 100]. Note that each box k is
worth for 2 L.E. ($0.13). In contrast, if the choice is k = 40, the underlying
lottery implies earning 80 L.E. ($5.12) with probability (100 — 40) / 75 or
nothing with probability one fifth ((40 — 25) / 75). More generally, each lottery
is then characterized by:

Figure 3. The Arabic Interface of Safe-BRET after 15 seconds

Data About Help Tests - S ‘/C:g::t-ed
] || %000 ainlly ot €—LE
EREER | |

Remaining
boxes

Start Button Stop Button

[k with prob. 1 if k < 25
k — 25
75
100 — k 25<k<100

75

1k — 0 with prob.

k with prob.
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Note that for k > 25 the expected utility in the BRETsate condition is a linear
transformation of the Baseline under the reasonable assumption that u (0) = 0.
Therefore, an expected utility maximizer should make the same choice in the
two conditions as long as his optimal choice is k > 25. The only effect of the
safe manipulation is that of inducing the more risk-averse subjects to choose
the highest safe option k = 25. Any k < 25 violates the monotonicity
assumption and would be irrational. As a result, we can expect to observe a
slightly higher average choice in the BRETsate (Filippin and Crosetto, 2017).

Administration

All 82 subjects are reinvited and took part in experiment 2 after 18
days (after receiving a confirmation from students on the date and time of
second experiment). The experiment used the BRET in a safe option condition
with Arabic interface. Like experiment 1, experiment 2 conducted in 4
sessions in which 2 sessions were held for each group over four days. Sessions
lasted about 48 minutes. The experiment followed the same procedures of
experiment 1 in terms of organization and settings. The instructions of
experiment 2 were like the instructions of experiment 1. After we explained
what safe BRET task would look like, the subjects started completing the task
with the understanding that a riskless alternative is made available by
preventing the time bomb to be in the first 25 boxes. So, if they selected a
number less than or equal 25, then they will receive the payoff according to
the number of collected boxes multiplied by 2 L.E ($0.13). Otherwise, the Safe
BRET followed the BRET procedures.

Descriptive Statistics

Since we conducted the experiment 2 on the same sample. The overall
statistics for the hi- and low cognitive ability subjects are the same (see Table
2). On average, high cognitive ability group earned amount of money of
123.33 L.E. ($7.89) with standard deviation 14.24 L.E. ($0.91) and low
cognitive ability group earned amount of money of 73.65 L.E. ($4.71) with
standard deviation 11.48 L.E. ($0.73).

Results and Discussion

A two-way unbalanced mixed ANOVA was conducted to analyze the
effect of cognitive ability (high vs. low) and the experimental mode (BRET
vs. Safe) on risk aversion in terms of the number of collected boxes k. The
mean and standard deviations for risk aversion are presented in Table 3. A
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paired samples t-test, Mann Whitney and effect size’ were performed to
highlight the comparison between baseline BRET and safe option treatment in
risk aversion.

Table 3. The Comparison Results of Average Number of Boxes chosen by Cognitive
Level and treatment in the BRET

t-test
Mean  Std. Cohen’s  Mann Norm. (one-
N Choice Dev. d Whitney ~ Test* tailed)

High Cognitive 4, 5957 1115

Baseline ﬁg\:\llltyc() e 275 <0001 0003 <0.001
(BRET) O g 40 2998 10.38
Diff (High-Low) 2959
mﬂﬂt Cognitive > 6362  8.02
Treatment 00 yCognitive 286 <0001 00002 <0.001
Diff (High-Low) 24.00

*Shapiro Wilk test (p-value < 0.05 means not normally distributed)

The results indicated that there was a statistically significant
interaction between the effect of cognitive ability level and experimental mode
on risk aversion, F(1, 80) =4.48, p=0.03, ' '=0.15", significant main effect
for cognitive ability F(1, 80) = 246.47, p < 0.001, ("' = 0.79; and significant
main effect for experimental mode (F(1, 80) = 28.56, p < 0.001, (1" = 0.35).
As shown in Table 3 we test the differences between the average number of
boxes k collected by both high and low in experiment 1 (baseline BRET) and
experiment 2 (treatment BRETsate). The results indicated that the high ability
group turn out to be riskier than the low cognitive ability group according to a
Mann Whitney test (p < 0.001) and also to a t-test (p < 0.001). Moreover, The
Cohen’s d results indicated that the average number of boxes k chosen by high
cognitive ability group in the BRET is 2.75 standard deviation above the
average of number of boxes k chosen by low cognitive ability group, and 2.86
in the BRET safe.

¥ the effect size was calculated by Cohen’d that is independent of sample size. It is computed as d = (X, — X)/o; where
Xp and x; are the average group (high and low) choices and o is the pooled standard deviation. The threshold for
interpreting d is: d = 0.2 considered as small effect, d = 0.5 considered as medium effect, and d = 0.8 considered as
large effect. see Cohen, J., 1988. Statistical Power Analysis for the Behavioral Sciences. L. Erlbaum Associates.

«partial n2 = 0.14 and more are large effect; n? = 0.06 and more are medium effect; n?= 0.01 or more are small effect.

see Miles, J and Shevlin, M (2001) Applying Regression and Correlation: A Guide for Students and Researchers.
Sage:London.
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To illustrate the results, Figure 4 shows a kernel density of choices by
cognitive ability groups and treatment. In the BRET (left panel) the two
distributions are highly separated with high cognitive ability group tends to
make more disperse choices k (the peak is approximately 60) compared with
low cognitive ability group (the peak is approximately 30). In BRETsate (right
panel) where the riskless alternative (50 L.E. ($3.2) can be obtained with
certainty) is available, the behavior of high and low ability distributions
remains the same in terms of high ability group tends to make more disperse
choices k as compared to that of low ability. However, the distribution of low
ability group is nearly bimodal with one peak close to the safe option k = 25
(20% of participants opted for k = 30) and the second peak is < 50 (15% of
participants opted for k = 40). Additionally, the results revealed that subjects
performed riskier when the experiment’s mode was designed with safe option.
As shown in Figure 4 (right panel), the availability of riskless alternative
makes both distributions (high and low ability) shifted to the right compared
to that of BRET (left panel).

Figure 4. Kernel density (bandwidth adjusted 1.4) of the choices by High and Low
Cognitive Ability Groups in the BRET
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However, the low ability group is still presented in the low risk loving
domain (k < 50). Figure 5 highlights the effect of introducing safe option on
decisions under risk for both high and low ability groups. In the high ability
(left panel) the average number of choices k in BRE Tsafe is significantly greater
than in BRET, t(41) = -2.46, p-value = 0.02. Similarly, In the low ability (right
panel), t(39) = - 4.99, p-value < 0.001.

17




Averaga Numbar of boxes (k)

40 60 B8O 10C

20

MSA-Management science journal
ISSN 2974-3036
Volume: 3, Issue:4, Year: 2024 pp. 1-27

Figure 5. Boxplot of the average number of collected boxes by Cognitive Ability
Groups and treatment of the BRE
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Our experimental results suggest that the relationship between
cognitive ability and risk aversion is insensitive to safe option condition as the
high cognitive ability group performed more riskier than the low ability group
even with the availability of riskless alternative. The results also revealed that
introducing the riskless alternative makes both high- and low-ability groups
more risk tolerant by choosing greater number of bokes k in both high- and
low-risk loving domains.

Nevertheless, some caution is in order regarding these conclusions.
First our experimental design is fully incentivized where the real payoff is at
stake. Since the incentive in risk-elicitation tasks plays a sensitive role in the
relationship between cognitive ability and risk aversion as it could generate
different responses depending on the context in which the decisions are made
(Almeida, S., 2019), our findings will be interpreted in the context of gain
domain and incentivized experimental design. Second, using the same
elicitation task between baseline and safe option condition with same subjects
may create a confounding problem such as choice biases (in case of value-
based decision) that influence decision of the same subject in the second trail.
Subjects could think to repeat their decision (if they won in the first trial) than
to switch to a different choice in the second trial. Third, it is well known that
the score of an individual on different psychometric cognitive tests can be
significantly different between such tests depending on format, length, and
timing conditions. Moreover, the assessment of cognitive ability was
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conducted based on the Egyptian version of RCPM that was standardized on
Egyptian sample. The RCPM is used to assess abstract thinking and reasoning
that related to fluid intelligence. In the light of these caution, we claim that our
findings are informative to help understanding the role of safe option in the
relationship between cognitive ability and risk aversion.

Regarding our findings that suggest that the high cognitive ability
performed more risker than the low cognitive ability, our findings are in line
with findings from Andersson, Holm, Tyran, and Wengstrom (2016). They
suggest that higher cognitive ability is associated with more risky decisions as
the noisy decision making can bias individual responses in risk elicitation
tasks in ways that are related to cognitive ability. Our findings also are in line
with the results of Dohmen et al. (2017) which says that individuals with
higher cognitive ability are significantly more willing to take risks compared
with those people who have a lower cognitive ability who are more likely to
be risk averse. Moreover, our findings are consistent with results found by
Sunde et al. (2010) and Burks et al. (2009). Our explanations are consistent
with the rationale suggested that people with high cognitive ability are
associated with confidence that they can evaluate the costs and benefits of
risky decisions accurately and are therefore more willing to take risk and are
more risk seeking (Frederick, 2005). In contrast, people with lower cognitive
ability are less confident that they evaluate the cost and benefits of risky
decisions accurately. Moreover, if the person with low cognitive ability sees
an opportunity to get great results but has a high risk, he/she tends to retreat
and do not want to move forward to get that great result and can be regarded
as a risk-averse person. From other perspective, we add additional explanation
associated with the nature of cognitive ability assessed by RCPM that mainly
measures the reasoning, problems solving, and abstract thinking (fluid
intelligence). We suggest that people with high RCPM scored are showing
high abstract mind-set that promotes some sort of sensitivity to desirability
considerations (i.e., value of an end-state of an action: for instance, amount of
money gained within a risky task), and people with low scores in RCPM are
associated with concrete thinking that promotes some sort of sensitivity to
feasibility considerations (i.e., ease of achieving the end-state. Hence, the high
abstract mind-set showed an increased risk behavior when compared with
those with a concrete way of thinking (Lermer et al. 2014; Lermer et al., 2016;
Raue, Streicher, Lermer, & Frey, 2015; Sagristano, Trope, & Liberman, 2002).
On the other hands, our experimental findings seem striking in light of several
experimental studies that since Frederick (2005), have reported evidence that
higher risk aversion is associated with lower cognitive ability such that
Sapienza & Zingales (2018) who indicated that individuals with higher
cognitive ability tend to take fewer risks in their investments and Lareau &
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Kessler (2019) and Boyer (2006) as they who found that individuals with
higher cognitive ability are less likely to engage in risky financial behavior.
Similarly, Almeida, S., 2019, finds that while higher cognitive ability
(measured by different tests) leads to more risk-taking behavior in
hypothetical tasks, there is no such relation when real money is at stake which
contradict with our findings that depend on incentives. We are not suggesting
that these studies that claim that higher cognitive ability tend to take less risks
are invalid. Rather, we simply highlight the role of safe option condition in
shaping the relationship between cognitive ability and risk aversion. This
supports our claim that our findings are informative.

Regarding the explanation of the insensitive role of safe option on risk
aversion between the high- and low cognitive ability, we assume that
introducing the safe option that not directly chosen (based on BRET’s game
design) makes subjects more risk tolerant and induce them to choose more
boxes k than what have been chosen in the baseline BRET. This could be
explained by the classic certainty effect that introduced in prospect theory. The
certain effect resulting from the reduction of probability from certain to
probable (Tversky & Kahneman 1986). In the case of safe the amount of
money that can be obtained with certainty creates a psychological effect
induces subjects to be more risk tolerant by choosing more boxes k than what
have been chosen in the BRET. However, it does not move the low ability
group from low to high risk loving domain. The findings were also reported
by Crosetto and Filippin (2017) when they investigated the effect of safe
option in induing differences in risk aversion between males and females.

Conclusion

An increasing number of studies have been addressing this issue
empirically. They investigate how economic behavior differs between
cognitive groups. Part of this literature has focused on the role played by
cognitive ability on attitudes towards risk. The study contributes to the
growing literature that investigates the relationship between cognitive ability
and decision under risk with two main goals. The first is to test whether the
differences in the level of cognitive ability induce differences in decisions
under risk. The second is to ask whether the availability of safe option plays a
role in shaping these differences (if exist). A simple laboratory experiment
was designed and implemented by using the BRET and BRETsare elicitation
methods introduced by Crosetto and Filippin (2017) to test the hypothesis that
the relationship between cognitive ability and risk aversion is not affected by
the availability of riskless alternative. Our results revealed that there is a
significant difference between high and low cognitive ability in risk aversion,
where the high cognitive ability group is significantly taking more risk than
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the low cognitive group even in the availability of riskless alternative (safe
option). Moreover, the availability of safe option causally induces both high
and low cognitive ability to behave in taking more risk compared with their
behavior in the absence of safe option.

Our findings supported that high cognitive ability groups take more
risks even with a safe option available, and that the mere availability of a safe
option can increase risk-taking in both high and low cognitive ability groups,
which add a layer of complexity to our understanding of risk behavior. These
results imply that cognitive ability affects not only the evaluation of risk but
also the tendency to engage in risk-taking, regardless of the safety nets
provided. This has profound implications for fields ranging from behavioral
economics to finance and insurance, where understanding the drivers of risk
behavior can inform better policy and product design. Our results can alert
decisions makers in several sectors for instance in the financial sector,
understanding the correlation between cognitive ability and risk aversion can
lead to more personalized financial advice, where investment strategies are
tailored to an individual's cognitive profile. In the realm of public policy, these
insights can inform the design of educational programs that enhance decision-
making skills and abstract thinking, particularly in managing risks and
uncertainties. Moreover, insurance companies could use these findings to
develop new products or adjust premiums based on cognitive risk profiles.

Limitations and future research

The study's scope was constrained due to the sample consisting solely
of students from an Egyptian private university. For a more comprehensive
understanding, it is recommended that the study be replicated with diverse
participant groups across various societal contexts. Additionally, factors such
as cognitive load and real effort were not accounted for in our research. Future
studies should consider these elements, as they may significantly influence the
participants' responses to risk, potentially altering the outcomes. Finally, we
are urging researchers to replicate this study with different elicitation tasks and
different cognitive ability tests and addressing the interplay of individual
differences, cognitive processes, and the different demographical
characteristic (e.g., financial income and field of study) that may enrich the
understanding the role of safe option in shaping the relationship between
cognitive ability and risk aversion.
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from (16.5 — 68.4) years

Age from 16.6 — 68.4 years

Percentile | 16.5 | 20.5- | 24.5- | 28.5- | 32.5- | 36.5- | 40.5- | 44.5- | 48.5- | 52.5- | 56.5- | 60.5- | 64.5-
Rank - 244 | 284 | 324 | 364 | 404 | 444 | 484 | 524 | 564 | 604 | 644 | 68.4
204

95 30 31 31 32 32 33 33 34 35 34 32 30 28

90 29 30 30 31 31 32 32 33 34 33 31 29 27

75 28 29 29 30 30 31 31 32 32 31 29 27 25

50 27 28 28 29 29 30 30 31 31 30 26 24 21

25 25 26 26 28 28 29 29 30 30 28 23 17 16

10 19 20 21 22 23 24 24 25 25 17 15 14 21

5 15 16 16 17 18 19 19 20 20 14 13 12 10

Appendix B: Arabic version of BRET instructions with Egyptian colloquial

Al ) Y e il 5 oY Lues oSSl an o Al 8-

On Al anin (53 Ayl 5 5 blaal) sad aSaladl e Cayaii Ul (5 dpalall a8l (e Cangll (o) oSUgE canl -
.Behavioral Finance Jlae 8 iladl) (e dludi il Cangly I dalal) G jlail

IS5 il sl (g Al s (sl U i a2t g A s il (& Aall A S il il e o J 1l -
Aail sda 8 (S jliiall peadd il (sl el 5l 5 5L8) (sl 052 A pail ilis o a0 i i

pal 4 (g0 Galiall e aaly G e @adia Vo audie g e el I 5 el AL e elalad -
Al ol e sgaie (3 520a A4 L5 ¢ i

B sim (sl a3 ()5S Kan il o L yu U Baam 5l Aalal) (5 p%im gl ind (35S (an il (i yata il -
i) s Vo v iy stieall I by (b sdieall (e ing el ) g yall 85258 sall Gadlicall (e

Oe i L anio Ll S 85 Auall) Tasia lalaf ) g jall a3 g sall M )5 e o Lo 2y
Afa ¥ iy drenis (350ua S5 i il Jledlle 358

G 8 Madiall" AdS Cran @l jedan 4naia U aliall o ML ASLED e e SR paady (8 saiall Le J ) -
AL e 4SS (R G @il Capls o ddial

Galiall (pa an g |y palll oS Jaind 4 0¥ (5 saiie Jlaial 5 0230 Jlaial dlae 03 aloagia W alaall (s -
may alaal) 22 iK1 (Saa 1y L 5 agiean il )

A Caaia (e arlll (50 Galicall (e a5 )y ISy s gl 8 Al g g bl Cuan il ) S -
Al AN 8 Y aalll o) 55 S ) (3 saiall

Gl MG ) e et Ll VI dianas (e g dbiall aaent a8 gia (el 5l G @lin Gisllad) -
e <l U1 gl s sl

i (B AT e day 7 s Al Garadall QL) e Jesdll (e a5 1) sS00 Juaiitia | alis g paill Lo ey -
s JSE )+ 00 el e 5 (55 48 B siiam Sliane

o) 5 ) Gsriall o5 aansa I sa o giSall o801 ) gide S0 38 )5 canaiia 5 o8, Y) (il () sSia e il -
A
g,w}\oﬂﬁsiotsg:\mmg\;,@u\m&Hg\Jw\gamaﬁ)mg\gﬂ)M:ﬂ_
el R8LE e @l el I aliad) 380 e ol s JSAS sl ) 30 e U

A1 e B S Lginan <l L Gliall e (e e 5 Al 8 oie g il ) a8 )15 Jeas S L -
e 0 5l osn U RELEN Ll ol el ) aliall aalia i) e (S s sl cal U1 &0 e )
Adia ¥ B pme Liaes il ) gl

Jasin Ll Lasey Auall) ol i) SIS Lile 8 1o &y a3 Jans T -

25




MSA-Management science journal
ISSN 2974-3036
Volume: 3, Issue:4, Year: 2024 pp. 1-27

Appendix C: English version of BRET instructions

- Firstly, 1 would like to thank all of you because you agreed to participate in the experiment.
- 1 would like to tell you that the goal of this scientific experiment is to learn about your
tendency toward risk. This experiment is part of a series of scientific experiments that aim to
publish a series of research in the field of Behavioral Finance.

- | would like to say that all data of participants in the experiment is confidential, and we
pledge not to publish it by any means. All that will be published are the results of the
experiment, without any reference or hint to any personal data of the participants in this
experiment.

- On the computer screen in front of you is a square divided into 100 small boxes. Under one
of these boxes there is a mine hidden; The remaining 99 boxes do not contain any mines.

- You don't know, mine might be under a box. The only thing you know is that the mine could
be under any of the boxes in the square in front of you, meaning from Box No. 1 to Box No.
100 with the same probability.

- After you press the “Start” button located under the square in front of you, the game will
start. Every second, a box will be collected from above to the left in order. For every box you
collect, you will earn 2 pounds. You can win it on screen.

- But the amount you will receive is an amount that you are likely to take, and you are likely
to not be scratched. Because there is a possibility that the mine is behind one of the boxes that
you collected, and therefore this may not allow you to take the money and lose.

- Also, if you collected the boxes and stopped the game at any time, and there was a mine
behind one of the boxes, you will not know the number of the box that had the mine behind it
until the end of the experiment.

- You are only required to decide when you will stop collecting boxes. This will not happen
unless you press the “Stop” button under the box at the time you want.

- After the experiment is over. You will be kindly requested to exit the laboratory through the
designated exit door. After you leave, you will find someone waiting for you in a box
containing paper with numbers from 1 to 100 written on it randomly.

- You will not see the numbers, and you will draw a paper randomly, and the written number
is what will determine the number of the box that the mine saw.

- If it happened that the number you stood at in the game, which represents the number of
boxes you collected, was greater than or equal to the number on the paper that you chose
randomly, you will not take the amount that appeared to you on the computer screen.

- But if it happened that the number that you stood at in the game, which expresses the number
of boxes that you collected, was less than the number on the paper that you chose randomly,
you will take the amount that appeared in front of you on the screen, which is the number of
boxes that you collected multiplied by 2. fairy.

- We will start an experiment now to make sure that you understand the game. Then the game
will start.
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Appendix D: Demographic information screen
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