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Abstract:  

 

In the context of decision-making, the individual is affected by many factors. One of them is 

confidence. In an experimental analysis, this paper presents various investment options 

including sure as well as returns with uncertain outcomes. Under consideration of the majority 

of research on that topic, this paper collects self-rated confidence statements and analyzes 

participants' portfolio allocation under uncertainty and risk. The findings are collected by 

considering various statistical models and analyzing underlying correlations. The results 

provide strong evidence that people choose to diversify when being uncertain. Additionally, 

this effect is supported by participants' perceived risk. Moreover, this diversification tends 

towards an equal-weighted portfolio allocation the more unconfident someone is. 

Furthermore, the analysis provides findings emphasizing drivers affecting peoples' 

confidence. While individuals' risk perception supports uncertainty, financial knowledge tends 

to impede it.  
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1. Introduction 

Today's financial world has become complex and has grown dynamically. This leads the single 

individuum to face various investment opportunities, followed by many finance-related 

decisions that must be considered. Which actions to take and what products to purchase can 

therefore overwhelm people in terms of occurring fears of making mistakes that might lead 

to welfare losses. Consequently, these topics and their participation in financial markets are 

avoided. Over the years, financial scientists have tried to evaluate critical drivers that influence 

investment behavior -and decisions. One of these drivers is cognitive uncertainty and relates 

to the field of behavioral finance. Cognitive uncertainty describes the circumstance that 

influences peoples' behavior when it comes to evaluating financial projects.  

 

Previous literature has already revealed that situations in which uncertainty is experienced 

might lead to violations of the completeness -and (Bewley, 2002; Eliaz & Ok, 2006; Ok, 

Ortoleva & Riella, 2012) independence axiom (Cerreia-Vioglio, Ortoleva & Dillenberger, 2015; 

Cerreia-Vioglio et al., 2019). Consequences are, for example, suboptimal portfolio allocations 

(Beweley, 2002) or welfare losses (Qiu & Ong, 2017). From demonstrating existing lacks in 

standard economic assumptions, the focus has shifted towards elaborating ranges in which 

peoples' indecisiveness leads to no clear preferences for one option over another. Confidence 

intervals are developed to detect in combination with investment options, including specific 

and uncertain outcomes to detect randomization probabilities (e. g. Arts et al., 2020). This 

approach got expanded by taking intertemporal choices and risk into account. Over the 

expansion of further research concerning this topic, the importance of differentiating 

between gains and losses becomes clearer. Additionally, people seem to evaluate 

probabilities depending on whether they are in the loss or gain domain or if they are below or 

above a specific reference point (Enke & Graeber, 2019). Overall, especially recent literature 

has aimed to examine cognitive uncertainty under different influences on peoples' 

randomization probabilities.  

 



 2 

Nonetheless, one significant gap in this field is to shift the focus from randomization 

probabilities to creating a portfolio through money allocations. So far, in combination with 

uncertainty, this approach has barely been conducted and needs to be evaluated to move one 

step closer to real-world circumstances. Randomized allocation choices will elicit people's 

preference uncertainty by asking them to invest money between the presented options based 

on their preferences. Under consideration of participants' risk perception, the underlying 

research question for this paper is, to what extent does cognitive uncertainty impact the 

investment behavior of individuals? First, the answer to this research question will shed light 

on peoples' investment behavior while creating a portfolio when risk and uncertainty are 

involved. With this, it is possible to investigate if the allocation process distinguishes from the 

randomized probabilities when being uncertain about the optimal choice. While subjects have 

to invest money in the presented options actively, differences between gains and losses will 

be considered. This is done by presenting different kinds of risky options, which are either in 

the gain or loss domain. Moreover, a so-called mixed option will evaluate participants' 

behavior when gains and losses are involved in an option. In addition, further information 

about participants is collected to elaborate in the following step which factors play a role in 

subjects' confidence.  

 

The first part of this paper will highlight existing literature about incomplete preference, 

indecisiveness, and cognitive uncertainty. The strings connected with the research purpose of 

this paper will be discussed, and the findings will be summarized. This draws a connection 

between what has already been done and the gap this research aims to fill—followed by 

explaining the experimental design and summarizing the survey and its questionnaire. In the 

same section, the created treatments will be briefly summarized, and the procedure and 

sample will be introduced. Before presenting the results, a theoretical analysis is conducted. 

To ensure a general understanding of the underlying processes of, for example, how 

probabilities are processed. This part contains theories of decision-making under risk and 

uncertainty. The occurring conflict in choices will be linked with considerations regarding 

diversification in combination with findings of randomization probabilities under uncertainty. 

After explaining the underlying hypotheses, the analysis findings are presented. Finally, the 
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underlying results will be discussed. In this part, suggestions for additional policies are made, 

and the limitations of the research discussed. 

 

In summary, the findings imply that uncertainty drives people to allocate money toward both 

options to achieve an equally weighted portfolio allocation. This indicates, on one side, a 

connection between cognitive uncertainty and suboptimal money investments under 

uncertainty. Suboptimal because evenly distributed portfolio allocations imply that other 

factors, for instance the expected return in comparison with a safe alternative, appear to be 

secondary. However, on the other hand, these findings also emphasize potential factors that 

may impact subjects' confidence, for example, financial knowledge. First, these results give 

implications for further research by highlighting tendencies and correlations that can be 

examined in more detail. Second, out of the findings, it is possible to deviate from policy 

suggestions that may reduce uncertainty by improving confidence. Furthermore, regulations 

can be released that address for these issues to motivate people to purchase financial 

products and reduce their possibility of experiencing welfare losses.  

 

2. Literature Review 

This section will introduce the topic of cognitive uncertainty and highlight the issues this field 

of research aims to investigate. Together with presenting key findings, their affections in the 

real world, and resulting research based on such, a line will be drawn in order to demonstrate 

the contribution this paper offers in that field.  

 

Cognitive uncertainty is based on observations of violations of standard economic 

assumptions, such as completeness or independence, resulting in conflicts in choices and 

indecisiveness (Bewley, 2002; Eliaz & Ok, 2006; Ok, Ortoleva & Riella, 2012; Cerreia-Vioglio et 

al., 2015; Qiu & Ong, 2017; Cerreia-Vioglio, Dillenberger, Ortoleva & Riella, 2019; Agranov & 

Ortoleva, 2020). Several studies dedicated oneself to elicit ranges of confidence intervals 

(Cohen, Jaffray & Said, 1987; Butler & Loomes, 2011; Cubitt, Navarro-Martinez & Starmer, 

2015; Enke & Graeber, 2019; 2021) or tried to investigate correlations between decision 
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confidence and randomization probabilities (Klibanoff, Marinacci & Mukerji, 2005; Cerreia-

Vioglio et al., 2015; Arts et al., 2020). 

 

Under the question of how reliable preferences might be, despite the general completeness 

assumptions, Bewley (2002) demonstrates that choice under uncertainty might remove the 

completeness axiom. This leads to uncertainty aversion, in which people face difficulties in 

understanding and evaluating economic issues. This might explain, for example, subjects' 

unwillingness to purchase or sell insurance when the situation of a loss cannot be evaluated. 

Besides, Bewley (2002) addresses uncertainty as one of the reasons for undiversified 

investment portfolios of people. Qiu and Ong (2017) have investigated an approach to 

differentiate indecisiveness from indifference. This is important since the traditional axioms 

do not distinguish between them. It could be shown that participants preferred to randomize 

between a binary choice if being uncertain about the outcome. Together with the 

circumstance of participants willing to pay for randomizing, they conclude the existence of 

indecisiveness in preferences. Moreover, the authors claim welfare losses if not taking 

indecisiveness into consideration. Moreover, Agranov and Ortoleva (2020) investigated 

ranges in which subjects instead preferred to randomize between choices instead of choosing 

one. They found a tendency of people to randomize when having incomplete preferences. The 

intervals of the randomization ranges show, in comparison with the presented possible 

outcomes, large arrays. The authors have linked these findings to certainty bias. These papers 

demonstrate, on one side, the existence of indecisiveness and its impact on economic 

evaluation, but especially the disadvantages that might occur when those incomplete 

preferences are not taken into account.  

 

Furthermore, Eliaz and Ok (2006) have created an approach in which participants' choice 

behavior could be classified between indifference or indecisiveness. The subjects' task was to 

make a choice under different conditions, which were with or without risk involved. Their 

approach updates the completeness axiom by enabling individuals to maximize their utility 

under incomplete preferences. Also, Ok et al. (2012) have entirely excluded the completeness 

axiom and investigated a model of decision-making under uncertainty. They focus on 
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indecisiveness and define different conditions of it. With their approach, they demonstrate, 

on the one hand, the use of distinguishing for such to understand peoples' underlying 

maximization process, and on the other hand, this approach extends the classical assumption 

called Knightian uncertainty, which is a theory that distinguishes between risk and uncertainty 

(Bewley, 2002). In this assumption, the risk is considered as a variable with known 

probabilities, whereas the probabilities are unknown if speaking about uncertainty. Overall, 

after allowing for indecisiveness, research has aimed for approaches to maximize utility under 

incompleteness. This step is followed by defining different conditions of indecisiveness. That 

enables the development of models that account for that. 

 

Cerreia-Vioglio et al. (2015) studied the relationship between the expected utility and the 

certainty effect. The paper investigates weaknesses of the independence axiom. Their 

theoretical consideration is that subjects' tendency to risk-free prospects might hurt this 

axiom. A key finding is that individuals might be unsure about their preferences facing 

negative certainty which occurs to insecurities about valuing a presented lottery. This might 

lead to several (different) utility functions regarding the different outcomes. This, again, 

results in people starting to evaluate a certain equivalent considering all the presented 

possible outcomes. By behaving cautiously in the process of decision-making, subjects then 

choose the most minor outcome. In later research, Cerreia-Vioglio et al. (2019) allowed 

participants to set a stochastic choice – based on their preferences – to accomplish the 

optimal combination of their preferences due to the presented lottery. With this approach, 

they could show imprecision of the regularity and monotonicity assumption of stochastic 

choice in their model. This leads the authors to differentiate between situations in which the 

individual is sure about its utility or not. Such violations in regularity shall affect the hedging 

behavior of subjects. So, besides investigating irregularities in the complete preferences of 

individuals, the research aims to capture potential irregularities around the independence 

and/or regularity axiom. Such weaknesses may lead to suboptimal decision-making through 

cautious behavior or to (sub-optimal) hedging behavior. 
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Furthermore, next to a lack of full confidence about choices which results in indecisiveness 

(incomplete preferences), violations of independence, or regularity, another string examines 

decision imprecision. One way literature has proved for that topic is through a range of 

confidence intervals. In this approach, subjects who are less confident are allowed to state a 

switching range and choose a randomization probability. Several papers aim to determine 

values, or ranges, in which individuals state a degree of uncertainty (Cohen et al., 1987; Butler 

& Loomes, 2011; Cubitt et al., 2015; Enke & Graeber, 2019; 2021; Arts et al., 2020). Cohen et 

al. (1987) focused on individuals' process of decision-making under risk and uncertainty. 

Participants were facing different kinds of incentivized binary choices, including gains and 

losses. The key findings of this paper are. First, people's behavior does depend on whether 

they face outcomes in the gain or loss domain. Second, the results show a trend in which 

individuals treat similar probabilities differently depending on whether these are situated in 

the gain or loss domain (cf. ibid., 1987). Lastly, the differentiation between risky and uncertain 

prospects only takes place on the gain side, where subjects appear more pessimistic as well. 

Contrary, on the loss side, differentiation does not happen. Butler and Loomes (2011) have 

elicited imprecision intervals to investigate a potential link to violations of the independence 

axiom of the expected utility theory. In their paper, they could show that those imprecise 

preferences are able to explain a wide range of irregularities connected to the expected utility 

axioms. Nonetheless, another focus aims for individuals' decision theory and occurring 

violations of such. Cubitt et al. (2015) investigate through an experimental approach the 

imprecision in lottery valuations. In general, they were not able to link such violations to 

deviations from the standard decision theory, while they could demonstrate that imprecision 

does exhibit consistent behavior depending on the presented lotteries. However, imprecision 

shall be linked to the variability of choices as well as it does not look to change with increasing 

experience. Enke and Graber (2019) have set their focus on changing confidence occurring 

with intertemporal choice. They address issues concerning choice under risk, ambiguity, and 

belief updating. Furthermore, they draw a link between cognitive- noise and bias. According 

to them, people who experience a higher level of uncertainty tend to a cognitive default 

which, on the other side, leads to a bias. They explain that cognitive uncertainty can lead to 

peoples' deviation of how they generally perceive probabilities and link that to the risk 

attitudes of individuals. A few key findings of this paper are, first, that subjects appear to 

compress probabilities if uncertain. Such a compression tends to a default probability of 
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around 50 %. Besides, they demonstrate a link between uncertainty and risk-taking. On the 

one side, when subjects face gains with low probability and a high probability for losses. This 

relation seems to be positive. On the other side, when such probabilities for gains are high 

and those for losses low. This link seems to be negative. Briefly, they present participants with 

various lotteries with unknown and known probabilities to address concerns about a default 

risk and stimulate cognitive uncertainty. In addition, they address peoples' choice under risk 

to investigate ranges of an ignorance prior. Furthermore, Enke and Graeber (2021) expanded 

their research about cognitive noise and uncertainty by its relation to inter-temporal choice. 

Such cognitive noise seems to influence peoples' evaluation of time delays, especially when 

complex decisions are involved. Subjects appear then to treat these time delays equally. So, 

one link this approach builds up to is hyperbolic discounting. Additionally, their paper shows 

evidence for uncertainty affecting choice architecture. Cognitive uncertain persons are afraid 

of making mistakes. This fear, on the other side, influences their choice of architecture, which 

leads them again to be more likely to follow expert advice even if these experts are not aware 

of any of their preferences. Moreover, Enke, Graeber, and Oprea (2022) elaborate on whether 

cognitive biases can be reduced through self-selection, and if such self-selection may influence 

prices or allocations. Overall, they show that it may improve cognitive mistakes an individual 

may make. Additionally, they introduce the term "meta-cognition," (Enke, Graeber & Oprea, 

2022, p. 1) which describes decision-makers' consciousness of whether having a bias and, in 

terms of which one. Meta-cognition expands the understanding of these biases and is crucial 

for mitigating cognitive errors. Lastly, Arts et al. (2020) investigate in their research the link 

between randomization probabilities with confidence statements (or decision confidence). In 

general, subjects had to make a binary choice and state afterward a confidence statement as 

well as set a randomization probability in order to examine their stated confidence together 

with the chosen probabilities for each of the options (cf. ibid., 2020). However, the authors 

could show a link between them. First, the results show a clear trend, supporting the 

assumption of a connection between confidence level and randomization probabilities. 

Second, subjects tend to choose a higher probability for the presented option the more 

confident they are about it (cf. ibid., 2020). Meaning that, especially at the tails, there is high 

confidence for (mainly) choosing one of the presented options, and on the other side, when 

people are unsure about choosing an equal randomization probability of 0.5. The findings 

demonstrate a strong correlation. Overall, the literature has aimed to examine decision 
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imprecision. To capture this, confidence intervals are used. Through the context of decision-

making under uncertainty, risk is considered as an additional measure. Also, research 

differentiates between gains and losses and highlights differences in behavior. In addition, the 

link to hyperbolic discounting is shown in which it influences peoples' choice-architecture. 

Lastly, randomization probabilities were combined with confidence intervals to show that 

uncertain decision-making leads to balanced randomization probabilities among the possible 

choices.  

 

In summary, different approaches aim to understand violations of general economic 

assumptions. This results in differentiating between indecisiveness and indifference and 

elaborating behavioral changes if allowing for randomized instead of binary choices. 

Moreover, the role of risk is considered and expanded to elicit the process of decision-making 

under risk and uncertainty. The importance of differentiation becomes clearer when 

observing different behavioral characteristics in gain or loss domains. This paper sets itself in 

line by expanding the approach of decision-making under risk and uncertainty by allowing for 

randomized allocation choices of two lotteries. Instead of asking for randomized probabilities, 

participants will be asked here for randomized money allocations. With this, this paper also 

addresses the concerns of Bewley (2002) regarding whether such incomplete preferences and 

resulting indecisiveness lead to suboptimal portfolio diversification. The presented lotteries 

will call for behavioral responses of participants exhibited when facing lotteries in the gain or 

loss domain. Subjects' portfolio allocation allows them to evaluate how indecisiveness and 

resulting uncertainty influence the portfolio allocation. Additionally, in line with Enke and 

Graeber (2021), this survey links cognitive uncertainty with intertemporal choice by following 

the limitations and suggestions of their paper and addressing the framing effects of the "delay-

speed-up asymmetry "by Loewenstein and Prelec (1992). This asymmetry is part of hyperbolic 

discounting and describes the phenomena of people using different discount rates depending 

on whether a payment will be received earlier or delayed. Especially a delay is experienced as 

a loss, and individuals demand, therefore, a compensation premium, whereas, in situations of 

a speed-up, the discount behavior is weaker. 
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3. Experimental Design 

 

Overall, the main benchmark for the survey conducted in this research is the paper of Arts et 

al. (2020). It presents four different treatments in the form of investment options. Each of 

these options consists of either a safe option A or a lottery option B. First, the structure of the 

survey will be summarized. In this step, the information this research aims to collect will be 

highlighted as well. Afterward, the four different treatments will be explained. Lastly, the 

sample and procedure will be discussed.  

 

3.1 Survey 

 

Generally, for each investment option, participants will be endowed with 1,000 euros which 

they have to fully allocate among the four different treatments. For example, if someone 

chooses to allocate 600 euros to option A of any condition, this person must allocate the 

remaining 400 euros to option B of that condition.  

 

The main part of the questionnaire aims to capture the investment behavior, referring 

confidence, and perceived risk of participants. People will face four different conditions 

containing two different options, "Option A" and "Option B," for each treatment. This set-up 

is inspired by Arts et al. (2020), who have used in general the same structure. Nonetheless, 

the set-up has been updated and adjusted for the purpose of this study. More details of the 

single opportunities and how Option A and Option B are designed will be described in the next 

section. After the allocation, subjects will then be asked to state how confident they are about 

their choice. Here, the approach of Arts et al. (2020) is taken as an example and adjusted based 

on the purpose of this research. People can state their confidence with the following steps: 

"extremely unsure," "somewhat unsure," "neither unsure nor sure," "somewhat sure," or 

"extremely sure." This offers a more suitable range in connection with the allocations. As in 

the previous part already shown, the risk is connected to uncertainty and consists of as useful 

considered information to fully understand participants' behavior. Therefore, the last 
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question in each treatment is to ask how risky participants perceive their choice. This question 

is in line with Holzmeister et al. (2020) and Zeisberger (2022), with the only difference of 

reducing the possible range of statements from seven to five. This will keep it in line with the 

confidence statements and ensure better comparability. The single steps are named the 

following: "not risky at all," "somewhat riskless," "neither riskless nor risky," "somewhat 

risky," and "extremely risky." An example of the allocation screen can be found in Figure 1 

below. 

 
Figure 1: An example of the allocation screen. Here: the simple condition. Participants can 

decide to allocate their money between these two options. Option B offers a return of 2.6 % 

with a chance of 50 % or a return of 1.4 % with a chance of 50 %.  

Following Enke and Graeber (2021), this research aims to collect information about peoples' 

discount behavior referring to hyperbolic discounting (Laibson, 1997) and resulting delay-

speed-up asymmetries (Loewenstein & Prelec, 1992). The authors claim that these 

asymmetries are more present when experiencing a high level of uncertainty. With this, it is 

possible to control for framing effects. Participants will face two total questions to collect their 

time preferences. One is focused on a delay, and the other on a speed-up. Both questions aim 

for a time horizon of one year. Subjects are asked once how much they are willing to accept 

to receive a 100 € payment tomorrow instead of having to wait one-year (so-called willingness 

to accept - WTA). Additionally, the other question asks them to imagine to face a delay of a 

100 € payment, which is supposed to receive tomorrow. Subjects shall then state how much 

compensation (not including the 100 €) they would demand (a compensation premium).  
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Moreover, subjects' underlying knowledge appears to be crucial to evaluate the behavior. 

Having a lower financial knowledge could make consumers of financial products feel uncertain 

about the outcome and occurring consequences of actions (Havlena & DeSarbo, 1991). 

Furthermore, being endowed with more knowledge can make subjects perceive less risk by 

purchasing assets (Cho & Lee, 2006). Following poor or less well-thought decisions of 

individuals until not purchasing financial products at all (van Rooij, Lusardi, and Alessie, 2011). 

Moreover, the literature also suggests that subjects might be overwhelmed if they do not 

understand the investment products they get presented (Agnew & Szykman, 2005). 

Supported by Da Costa Jr, Goulart, Cupertino, Macedo, and De Silva (2013), who demonstrate 

the link between cognitive biases and knowledge. Showing the possibility of decreasing the 

affection of such by having more knowledge. All this is convincing to consider financial 

knowledge as a variable to control for as well. The financial knowledge of participants will be 

collected by presenting a scale ranging from "Not well at all" up to "Extremely well" in five 

steps. This approach is also conducted by Zeisberger (2022) and is used as a template in this 

survey. In that paper, subjects were pleased to rate their financial knowledge as well as their 

willingness to take financial risks. Their risk attitudes are replaced with single questions of 

perceived riskiness during the investment questions. 

 

Lastly, general information about participants' age, gender, and annual income is collected as 

well. Especially income is considered crucial for a better understanding of participants' choice 

behavior. Various literature shows the link between risky behavior and the income of people 

and households (e. g. Yao et al., 2011; Anbar & Eker, 2010; Hallahan, Faff & McKenzie, 2004) 

 

Age is collected by asking people to type in their age, with a minimum requirement of 18 years. 

The gender is collected by letting people choose between "female," "male," "other," or 

"prefer not to say." Finally, subjects were able to state their annual income by selecting one 

of the provided intervals. Starting with 0 to 9,999 € as the lowest group until 40,000 € or more 

as the highest income group. In total, six different income groups are presented.). One reason 

for this circumstance is that people in higher income classes are more able to afford the 

potential losses that might occur when people invest in riskier assets. On the other side, there 
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is also literature also showing opposite relations (Faff, 2008; Anbar & Eker, 2010). The authors 

explain this situation with the desire of low-income groups to become wealthier through more 

risky investments. 

 
3.2 Treatments:  

 

Every participant must go through four different treatments or conditions, which contain two 

different options each (Option A and Option B).  

 

Option A is the same for each of the presented opportunities – a safe option. Subjects have 

the choice to invest in a Dutch government bond which yields a sure (probability = 100 %) 

return of 2 % in one year. Due to the expectation of having a majority of Dutch participants, 

this specific bond was chosen. This will let the investment appear more tangible and ensures 

that people develop a high level of trust in this option. Keeping the sure payment constant 

and presenting relative instead of absolute returns is different from the paper of Arts et al. 

(2020). The reasons for constructing it like this are the following. First, this survey works 

without monetary incentives. It would therefore be unnecessary to copy the returns of that 

study. Second, this design creates a more realistic situation for participants, especially in order 

to collect data about their investment behavior with randomized money allocations. Third, to 

evaluate the extent to which uncertainty influences the amount people invest in risky 

lotteries, it seems more appropriate to keep the so-called "safe option" the same and change 

only the risky lotteries. 

 

Option B varies among the questionnaire and has, in total, four different conditions. Generally, 

all of the different returns that will be introduced are collected by randomizing values either 

above or below 2 %. This option aims to capture the cognitive demand participants will face. 

The treatments result in facing a total of four different options with either two or four 

different possible returns. The different possible probabilities for the returns of those risky 

lotteries are, for simplicity, kept the same. The different lotteries will be called in the following 
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as "simple-, "complex-, "mixed-, "and "loss-"lotteries. Previous literature shows that it seems 

more difficult for people to analyze the returns of options when more than two possible 

returns are presented (Huck & Weizäcker, 1999; Moffatt, Sitzia & Zizzo, 2015). Furthermore, 

in line with Bosch-Doménech and Silvestre (2013), the choice set for all the presented lottery 

options was, compared to the safe investment, designed to not differ too much from each 

other. This is done to make sure not to influence participants for higher (or lower) risk-taking, 

given the possibility of influencing the revealed preferences if higher (or lower) risk options 

are presented. Simultaneously, it is still essential that participants might experience 

advantages in investing in risky lotteries. The so-called simple lottery consists of a return of 

either 2.6 % or 1.4 % with a probability of 50 % each. These returns are generated through 

randomized values around 2.5 % and 1.5 %, respectively. The complex lottery refers to 

peoples' difficulty in evaluating the outcome when facing more than two possible outputs. 

Option B consists of a project that yields either 4.3 %, 3.1 %, 1.8 %, or 0.7 % return with a 

probability of 25 % each in one year as well. These values are constructed by generating 

randomized values around 4, 3, 1.5, and 1 %, respectively. The last two types of option B 

contain negative returns. Various literature has already shown that subjects will feel 

difficulties with evaluations when potential losses are involved (e. g. Cohen et al., 1987; Luce, 

Payne & Bettman, 1999; Kahneman & Tversky, 1979; Kahneman & Tversky, 1992; Gonzales, 

Dana, Koshino & Just, 2005; Pabst, Brand & Wolf, 2013; Enke & Graeber, 2019). The mixed 

lottery displays outcomes of either +3.9 % or -3.9 %. The positive return is constructed by 

creating a random value of around 4 % to give people a higher premium due to the chance of 

a possible loss. The negative value is constructed by multiplying the positive return by -1. The 

different treatments and their returns are summarized in Table 1 below.  

 
Lotteries Option A Option B (“probability”, “return”) 
Simple 2 % return for sure (50 %, 2.6 %) or (50 %, 1,4 %) 
Complex 2 % return for sure (25 %, 4.3 %); (25 %, 3.1 %); (25 %, 1.8 %); (25 %, 0.7 %) 
Mix 2 % return for sure (50 %, 3.9 %) or (50 %, -3.9 %) 
Loss -2 % return for sure (50 %, -2.6 %) or (50 %, -1,4 %) 

Table 1: Summary of option A and option B along all four different treatments  
 
Overall, the three introduced lotteries contain three different expected returns. The simple 

lottery options have the same expected return (both 2 %). Option B in the complex lottery has 

an expected return of 2.475 %, compared to 2 % of option A. Lastly, the mixed lottery has an 
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expected return of 0, which is clearly below 2 %. The last opportunity contains only values in 

the loss domain. Therefore, the returns of the simple lottery, as well as the government bond, 

were multiplied by -1. Therefore, the safe return of the Dutch government bond is multiplied 

by -1. This enables comparability of the behavior of participants. Naturally, the expected 

return equals the simple lottery. Nonetheless, the set-up of the lost investment opportunity 

contains one difference from the others. Participants have only the option of choosing 

between Option A and Option B without allocating 1,000 € between them. This is done due to 

the expectation of a lack of comprehension among the participants. If people only face losses, 

it might confuse them to invest money into the options, which might distort the results and 

make them unreliable. However, this lottery is still considered helpful because it gives a 

chance to control for uncertainty and perceived risk, and in general, the behavior among 

participants when facing only losses.  

 

3.3 Sample and procedure: 

 

The survey can, generally, be separated into three different parts or sections. One is about the 

collection of general information about participants – most of the control variables. The 

second part refers to hyperbolic discounting and the delay-speed-up asymmetry and aims to 

capture participants' discount behavior, here called time preference. The third part is about 

the different lottery treatments participants will face. The questions are all randomized to 

avoid any kind of order effects.  

 

The data for the survey was collected online by distributing the questionnaire on several 

platforms. The questionnaire was online from the 04th of May until the 11th of June and had, 

in total, collected 273 responses. Out of these responses, 178 were valid. 95 had to be 

excluded since they were not complete and could, therefore, not be considered in the analysis 

without distorting findings. Furthermore, about 55.5 % of the participants are females, and 

42.7 % are males. On average, subjects are 28 years old, whereas the median lies at 25.5 years. 

Moreover, all of the six different income classes are part of the sample. The median is at the 

lower interval, between 10,000 € and 14,999 €, whereas the mean value is at � 2.65, which 

means that the mean income is closer to the income interval of 15,000 € and 19,999 €. 
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Moreover, the majority of subjects rated their knowledge of finance-related topics as 

"moderately well." The median, as well as the mean, are centered around this statement.  

 

4. Theoretical Analysis 

 

This section will discuss the theories which are considered as important for this survey. The 

purpose is to investigate peoples' behavior when having only limited confidence, such as 

Klibanoff et al. (2005), Cerreia-Vioglio et al. (2015), and Arts et al. (2020). First, some general 

theories about decision-making under risk and uncertainty will be introduced. The next part 

will link these theories to the research purpose of this study. Together, these parts will 

establish a theoretical framework that will help to elaborate hypotheses and to answer the 

research purpose. After understanding the theories behind the process of decision-making 

and money allocation, the hypothesis will be introduced in the last part of this chapter.  

 

4.1 Theories of decision-making under risk and uncertainty 

 

Most economic theories assume the individual is mostly fully confident and, therefore, assign 

unique utility functions capturing the preferred preferences under which choices are made 

(see Arts et al., 2020). However, as already emphasized in the previous chapter, there is a 

rising number of scientific literature (e. g., Kahneman & Tversky, 1979; Bewley, 2002; Eliaz & 

Ok, 2006; Ok, Ortoleva & Riella, 2012; Cerreia-Vioglio, Ortoleva & Dillenberger, 2015 and Arts 

et al., 2020) that discusses conflicting choices in the context of decision-making, questioning 

the mentioned single utility function. Starting with (cumulative) prospect theory, which 

captures individuals' choice problems related to preferences (Kahneman & Tversky, 1979; 

1992). How an individual will make choices depend on the value and weighting function. The 

value function describes a person's attitude to evaluating gains and losses, whereas the 

weighting function refers to individually assigned probabilities to these outcomes. Basically, 

the value function captures a person's attitude towards gains and losses – being more 

sensitive to an experienced loss compared to a gain, which is called loss aversion. The 
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weighting function implies that people tend to over-valuate extreme outcomes and under-

valuate medium outcomes. Following those assumptions, people might take the return of the 

safe option (the government bond yielding 2 % return) as a reference point, experiencing a 

"loss" regarding the risky lottery towards returns below 2 % and a gain if it is above. The 

probabilities of each of these outcomes are equal; however, due to loss aversion, people will 

most likely over-valuate prospects with returns below 2 % and under-valuate prospects above 

that return. (Cumulative) Prospect theory is, therefore, crucial to understand the process of 

decision-making subjects' evaluation of probabilities. 

 

Additionally, following Arts et al. (2020), an individual can be assumed to have "multiple 

selves." Those different selves show up when an individual feels uncertainty about a decision 

to make. Such an assumption can be summarized with the following equation:  

 
𝑉(𝑙) = 	∫ 𝜙[𝐸𝑈!(𝑙)]𝑑𝜋" ,         (1) 
 

Where 𝑢! describes the utility function of the self among the set of selves, Γ. 𝜙 describes the 

aversion of the individual to disagreement and π the probability distribution. Lastly, l defines 

the presented option. 𝜙 is concave and assigns, therefore, the highest weight to those selves 

who give a lower value to l (see Arts et al., 2020). This equation shall picture the theory about 

the set of selves an individual might be confronted with in case of being uncertain. In the 

presented investment opportunities, the participants will face uncertainty about the optimal 

portfolio allocation they shall tackle.  

 

Now, subjects have to handle the risk and uncertainty they might perceive when it comes to 

allocating money to the presented options. The best way of doing this is by diversification 

along the two options (safe and lottery). Depending on individuals' risk attitudes, a diversified 

portfolio will then be developed in order to balance the uncertain return of the lottery option. 

Various literature has already focused on this topic concerning the optimal portfolio allocation 

to maximize the return by minimizing the risk (e. g. Markowitz, 1952; Jorion, 1992) or the 

optimal weights that shall be allocated to the single type of assets (e. g. Britton-Jones, 1999). 
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Most of these literature aim to investigate the optimal portfolio allocation under a set of 

different kind of financial assets. The main component of diversification is to construct a 

portfolio out of different financial assets that reflect a wide range of financial products that 

are risky as well as risk-free (Fabozzi, Markowitz & Gupta, 2008). Risk-free refers, in that case, 

to assets for which the return is known and certain at the moment of purchasing it. 

Nonetheless, at this point, the question arises of how much an investor should allocate to the 

risk-free product and how much to the risky asset. This depends on the risk attitudes and the 

perceived uncertainty of an individual when being in the situation of investing and the 

underlying utility function (see ibid, 2008). Following Markowitz (1952) main driver of an 

efficient portfolio for an investor is his / her desired expected return, the underlying 

probability of the outcomes, and lastly, the person's risk aversion. 

 

4.2 Linking conflicting choices and diversification 

 

Results of Arts et al. (2020) show clear evidence that uncertainty leads to randomization 

among two options. If a decision-maker is facing a discussion around her so-called multiple 

selves, she intends to randomize between probabilities until the point of allocating a 

randomization probability of l = 0.5 in case of being fully unconfident about the choice. In 

other words, the more confident an individuum is, the higher the allocated probability for the 

option the confidence is experienced. 

 

Now, if an individual aims to make a choice between two presented options to construct a 

portfolio through investing or allocating money, the portfolio return will be considered on the 

underlying utility function. The portfolio return is:   

 
𝑅# = ∑𝑤$𝑅$,          (2) 
 
Which is for the underlying investment opportunities:  

 
𝑅# =	𝑤%𝑅% +𝑤&𝑅&,         (3) 
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where Rp is the return of the portfolio, w1,2 the weight of either the safe investment option or 

the risky lottery, and R1,2 is the return of such. The expected return participants consider is 

the results from the following equation:  

 
𝐸(𝑅)# =	𝑤%𝐸(𝑅)% +𝑤&𝐸(𝑅)&       (4)  
 
The expected return of the safe option is 𝐸(𝑅)% = 0,02, which equals 2 %, whereas the risky 

lottery yields an expected return (𝐸(𝑅)&) of:  

[0.5 ∗ 𝑟% + 0.5 ∗ 𝑟&] ⟹ 	0.5 ∗ 0.026 + 0.5 ∗ 0.014	 ⟺ 0.02	, which equals 2 % for the simple 

lottery. Consequently, the mixed lottery’s’ E(R) = 0.5 ∗ 0.039 + 0.5 ∗ (−0.039) ⇔ 0.00.  

Lastly, [0.25 ∗ 𝑟% + 0.25 ∗ 𝑟& + 0.25 ∗ 𝑟' + 0.25 ∗ 𝑟(] ⇒ 0.02475 ⇔ 2.475% for the complex 

lottery, where 𝑟%, 𝑟&, 𝑟', 𝑟( refer to the respective returns in that condition.  

 

The decision-maker will then, based on the underlying expected portfolio return, willingness 

to take risk, and the underlying set of self’s allocate a portfolio that is optimal for the given 

confidence.  

 

The following considerations are a combination of the underlying deliberations of the 

equations above and the prior equations of Arts et al. (2020) about the decision finding 

process among multiple selves. Based on the presented investment options A and B the 

participant will construct a portfolio allocation xÎ [0, 1000], which will result in the portfolio 

[xA; (1-x)B]: investing x € in option A and (1-x) € in option B or vice versa. Resulting for the 

subject to maximize its utility by allocating the optimal portfolio out of 0 £ xA £ 1,000 € for one 

option and 0 £ (1,000 € – xA)B £ 1,000 € for the other option.  

 
𝑀𝑎𝑥)	𝑉	[𝑥* + (1 − 𝑥*)+] = 	𝑉(𝑙) = 	∫ 𝜙[𝑥𝐸𝑈!(𝐴) + (1 − 𝑥)𝐸𝑈!(𝐵)]𝑑𝜋"

1 (5) 
 
Following Arts et al. (2020) it can be assumed that the individual will have full confidence 

about the assessment of the safe investment option A, resulting in 𝐸𝑈!(𝐴) = 𝑢(𝐴). The 

optimal amount to invest results from: 

 
𝑥∗ ≈ %

-!
""[$(&)]
!"[$())]

∗ ∆$
/)
* 2        (6) 

 
1 Equation see Arts et al. (2020) and further adjusted. 
2 See Arts et al. 2020. 
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where ∆0 describes the difference of the expected utility of the individual of option A and B, 

and 𝜎+& is simply the standard deviation of the expected utility of option B and describes the 

discrepancy of the selves “arguing” about the optimal allocation. 

 

Now, built up on this, the individual should experience less confidence towards option B, the 

lower its expected return becomes, compared to the return of the safe investment (A). This is 

shown by equation (6). The riskier the lottery is perceived because of occurring uncertainty 

towards the returns, the more uncertain an individual becomes about the resulting utility of 

investing in this option.  

 

In summary, when combining these assumptions, the portfolio choice of participants depends 

on their risk attitude and the underlying set of selves if facing uncertainty about the optimal 

allocation. In general, the portfolio allocation consists of the share of money people will 

allocate in options A and B – so-called portfolio weights. These weights are determined by the 

subjects' perceived risk and uncertainty levels. Moreover, they will give insights about the 

diversification choice subjects have done at that point. Following the findings of Arts et al. 

(2020), uncertain people will randomize their choices towards a probability of 0.5. This leads 

to expectations that this finding can be expanded regarding the allocation weights uncertain 

people might choose in order to diversify.  

 

4.3 Hypothesis 

 

Out of the related literature, the introduced and developed theories, this paper has a specific 

hypothesis under consideration of the underlying research purpose. 

 

Without considering personal preferences, risk, and loss aversion – under rational economic 

behavior – the choices among the investment projects should tend to the following (when 

only looking at the expected returns): for the simple condition, the expected return of both 
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investment options equals 2 %. The potential premium offered if investing in option B does 

not outweigh the risk. Given this, investing in option A is more appropriate. The same applies 

to the loss condition because the outcomes are the same, only multiplied by -1. The expected 

return for option B in the complex condition is 2.475 % (> 2 %), which leads to the decision to 

invest in that lottery option. Lastly, option B of the mixed condition has an expected return of 

0 (< 2 %). This condition yields the only expected return that is smaller than the safe option, 

which is why choosing the safe option makes more sense.  

 

The primary purpose of this paper is to investigate how cognitive noises influence peoples' 

behavior to invest, especially if facing investments with uncertain outcomes. When looking at 

the results of Arts et al. (2020), who show that fully uncertain people tend to choose a 

randomization probability among two options of l = 0.5 (50 %), it can be expected that people 

who are uncertain will tend to diversify their risk by investing in both options. While aiming 

for diversification, the weights for the single assets can be expected by around 50 %. So, fully 

unconfident subjects will allocate their endowed money equally between options A and B., 

Resulting in the following hypothesis:  

 

H (1): The more unconfident someone is, the more this person will tend to an equally balanced 

portfolio allocation. 

 

In addition to the main purpose of investigating peoples' allocation choices, more information 

about participants is collected. Out of this, further drivers of influences on confidence can be 

examined with the objective of broadening the understanding of cognitive noise and detecting 

more determining factors.  

 

H (2): There exist additional characteristics of participants that weaken or enhance confidence 

statements.  
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5. Results  

 

H (1): The more unconfident someone is, the more this person will tend to an equally balanced 

portfolio allocation. 

 

To find support for this hypothesis, a new variable is created by subtracting the amount people 

invest in option B by the allocated money to option A. Every value smaller than 0 is then 

multiplied by -1 to make sure all values are in the positive domain. Now, the range of this new 

variable goes from 0 to 1,000. For example, if someone allocates 300 euros to option A, 

followed by 700 euros to option B, the value of the new variable c (“choice”) will be: 𝑐 =

300 − 700 ⟹ −400 ∗ (−1) = 400. The bigger the difference between the two numbers 

allocated between the options, the more this person chooses to overweight her portfolio in 

one direction. Consequently, if c = 0, it means the subject has aimed for a balanced allocation 

among the variables. Following Arts et al. (2020), it can be expected that people who show a 

lower level of certainty might choose an equal allocation among the presented options. 

Therefore, the expected relation between variable c and the certainty statements is positive. 

When the confidence increases by one unit, the value of c should rise as well. On the other 

side, if facing uncertainty (decreasing level of confidence), the results should be closer to zero.  

 

Moreover, the control variables referring to capturing the time preference of participants are 

applied in the analysis as well. First, participants' discount rate in a situation of a speed-up is 

determined by subtracting 100 from the amount people were willing to accept (100 - WTA). 

The created value is named "discWTA" in the data set and refers to the absolute amount of 

money participants were willing to give up. The extra amount participants would demand in 

terms of a delay describes already the compensation. Therefore, no further calculations are 

done with this variable.  

 

With respect to the simple condition, the correlation between confidence statements with 

their choice variable is highly statistically significant. The model shows a positive relationship 



 22 

in which, for every rising level of confidence, participants choose to invest in either the first 

or second option more. In other words, for every decreasing level of confidence subject's 

portfolio allocation becomes more evenly distributed in steps of approximately 92.86 €. 

Moreover, when adding the perceived risk in the model, the significance of the confidence 

variable slightly decreases but keeps statistically relevant. Besides, the risk is significant as 

well. It shows a coefficient of  »  - 103.65 euros, which means the riskier the simple lottery is 

perceived, the more the portfolio allocation tends to be equal. In addition, the explanatory 

power of the model increases by adding risk. Without adding risk, 8.77 % of the variability of 

the portfolio allocation is explained through confidence, while adding risk increases this value 

to 17.29 %. The findings are shown in Table 2 below.  

 
 
 
 

 (1) (2) 
 Choice (simple) Choice (simple) 
Simple CU 92.86*** 59.22* 
Simple Risk  -103.7*** 
  (-4.25) 
Constant 173.2* 567.9*** 
 (2.05) (4.61) 
Observations 178 178 

t statistics in parentheses 
* p < 0.05, ** p < 0.01, *** p < 0.001 
Table 2: Regression of the responses of the Simple condition. The dependent variable is the 

choice variable. Independent variable is in the first model (1) the confidence statements of 

that condition. The second model (2) contains risk perceptions of participants.  

 

Additionally, when controlling with the remaining variables, the effect of confidence only 

slightly decreases compared to the second model of the table above (risk included). Besides, 

the compensation in order of a delayed payment affects the allocation choice within this 

lottery. The more compensation someone demands, the more this person has aimed to 

balance out the portfolio weights.3  

 

 
3 For additional information and models see appendix: Figures hyptothesis (1) and (2), figure 2 -4. 



 23 

The complex project shows a statistically significant positive correlation between confidence 

and the choice variable as well. When the level of confidence increases by one unit, subjects 

decide to allocate » 85.54 € towards one of the presented options. On the other side, the 

allocation towards one option declines when being more unconfident about the optimal 

allocation leading to an equal distribution. When controlling for risk, the coefficient of the 

confidence statements decreases to 76.58 euros but keeps its significance as well. Also, the 

perceived risk shows the expected negative correlation (» -56.12). The riskier people perceive 

their investment, the more they decide to diversify (the less they allocate money toward one 

option). Nonetheless, the explanatory power when comparing the two models has slightly 

improved from 8.99 % up to 11.93 %. 

 
 (1) (2) 
 Choice (complex) Choice (complex) 
Complex CU 85.54*** 76.58*** 
 (4.17) (3.72) 
Complex Risk  -56.12* 
  (-2.42) 
Constant 182.7* 376.2*** 
 (2.49) (3.49) 
Observations 178 178 

t statistics in parentheses 
* p < 0.05, ** p < 0.01, *** p < 0.001 
Table 3: Regression of the responses of the Complex condition. The dependent variable is 

the choice variable. Independent variable is in the first model (1) the confidence statements 

of that condition. The second model (2) contains risk perceptions of participants. 

 

Including more variables in the model has only little affections on confidence, allocation 

choice, or risk perception. Also, in the complex lottery, the demanded compensation of 

individuals is correlated with the portfolio allocation. Contrary to the first lottery, this relation 

is positive. Therefore, higher compensation rates lead to allocation differences between the 

two options of the complex treatment.4 

 

Lastly, when looking at the mixed condition, we can also find a positive and statistically 

significant correlation between the confidence of participants and their allocation choice. 

 
4 For additional information and models see appendix: Figures hyptothesis (1) and (2), figure 5 – 7. 
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With decreasing confidence, the allocations towards option A and option B come closer to 

each other in steps of 132 euros. This highlights the difference between the previous two 

options. The mixed lottery contains the highest risk in comparison with other lotteries. The 

sensibility of confidence levels is, therefore, stronger. Furthermore, when including perceived 

risk, the coefficient of confidence is almost halved. On the other side, perceived risk states a 

value of approximately – 146.28 euros. Interpreted as an increase in perceived risk is followed 

by balancing the allocation out in steps of 146.28 per unit. Additionally, the R-squared of that 

model experiences the most significant improvement. While it is at 18.15 % when excluding 

risk, it increases to 38.03 % when including it. This means that 38.03 % of the variability of the 

investment allocation is reflected by the confidence statement and perceived risk. Table 4 

below summarizes the findings.  

 
 (1) (2) 
 Choice (mix) Choice (mix) 
Mix CU 132.0*** 73.41*** 
 (6.25) (3.67) 
Mix Risk  -146.3*** 
  (-7.49) 
Constant 94.32 665.6*** 
 (1.20) (6.48) 
Observations 178 178 
t statistics in parentheses 
* p < 0.05, ** p < 0.01, *** p < 0.001 
Table 4: Regression of the responses of the Mix condition. The dependent variable is the 

choice variable. Independent variable is in the first model (1) the confidence statements of 

that condition. The second model (2) contains risk perceptions of participants. 

 

Here, none of the other variables seem to affect peoples' allocation choices in a significant 

way. Moreover, by controlling these, neither confidence nor risk has significantly lost 

statistical power towards their relationship with participants' portfolio allocation.5 

 

Overall, through the presented models, it is possible to show a statistically significant 

correlation among all three conditions. The relations between the choice variable c and the 

 
5 For additional information and models see appendix: Figures hyptothesis (1) and (2), figure 8 – 10. 
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confidence statements, as well as perceived risk, are as expected. Declining confidence is 

followed by a more balanced portfolio allocation. The same holds for the risk variable; the 

riskier an investment is perceived, the more the individuals tend to balance out their portfolio 

and diversify their risk. However, for the simple and mixed lottery, the perceived risk shows 

an influence that is almost twice as strong on the diversification behavior of subjects than 

confidence is. The coefficients of the risk variables are among all three lotteries higher than 

those of the confidence statements. Indicating that the perception of risk has played a strong 

role in the portfolio allocation. In addition, after including more information in the model, the 

underlying compensation rates of individuals have affected their allocation choices. For the 

simple condition, this correlation is negative, indicating more equal portfolio weights by rising 

compensation, whereas the complex lottery demonstrates the opposite. Lastly, for the last 

condition, the loss lottery, it is not possible to examine tendencies to diversify due to the set-

up of this question. Participants were only asked to state a binary choice without any kind of 

allocation. The findings, e. g. Arts et al. (2020), can therefore be expanded, confirming that 

people who experience a higher level of uncertainty tend to diversify the risk by investing 

equally in both presented options. Therefore, the first hypothesis can be confirmed. 

 

H (2): There exist additional characteristics of participants that weaken or enhance confidence 

statements.  

 

After demonstrating the overall tendency to diversify with equal portfolio weights, the 

following approach aims to elicit whether other factors play a role in the confidence of 

participants. For this, the single-confidence statements among the four different conditions 

are taken as dependent variables. The control variables are then included as independent 

variables in the model. The results are summarized in the table 5 below.  

 
 (1) (2) (3) (4) 
 Simple CU Complex CU Mix CU Lose CU 
Simple Risk -0.323***    
 (-4.65)    
     
Age 0.00647 -0.000701 -0.00359 -0.00841 
 (0.70) (-0.08) (-0.40) (-0.81) 
     
Gender -0.295* -0.571*** -0.273* -0.144 
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 (-2.10) (-4.18) (-2.02) (-0.92) 
     
Annual income -0.0568 -0.0859 0.0318 -0.0675 
 (-1.13) (-1.75) (0.66) (-1.23) 
     
Financial 
Knowledge 

0.410*** 0.448*** 0.394*** 0.324*** 

 (5.71) (6.41) (5.69) (4.12) 
     
diffWTA -0.0304 -0.243 -0.401 0.126 
 (-0.13) (-1.08) (-1.81) (0.50) 
     
diffCompens -0.0963 0.0692 -0.0584 -0.326 
 (-0.40) (0.29) (-0.25) (-1.21) 
     
Complex Risk  -0.196**   
  (-2.79)   
     
Mix Risk   -0.334***  
   (-5.49)  
     
Lose Risk    -0.282*** 
    (-4.00) 
     
Constant 3.808*** 3.949*** 3.914*** 3.818*** 
 (7.71) (8.27) (8.54) (7.76) 
Observations 178 178 178 178 
t statistics in parentheses 
* p < 0.05, ** p < 0.01, *** p < 0.001 
Table 5: Regressions with the confidence statements of the four treatments as dependent 

variable to investigate their relationship with the control variables. 

 

Overall, participants' perception of risk plays in all four treatments significantly (at least on 

the 1 % level) role on their confidence. Around all conditions, the relation is negative, 

indicating decreasing confidence when risk perception increases by one unit. Furthermore, 

except for the loss condition, gender correlates with confidence as well. During the survey, 

men appear to be less confident with their choices than women. These findings are significant 

on the 5 % level for the simple and mixed lottery, and for the complex lottery, only 0.1 % of 

the findings are due to chance. Lastly, among all four lotteries, the self-rated financial 

knowledge of participants has played a highly statistically significant role in their confidence 

of them. In every condition, the relationship is positive. That indicates that participants 
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experience a higher level of confidence with their allocation choices when being endowed 

with higher financial knowledge.  

 

Generally, these findings reveal, on the one side, influence factors on people's cognitive 

uncertainty and, on the other side, factors that do not seem to play an essential role in such. 

As already indicated in the first hypothesis, risk perception appears to be highly affecting 

peoples' confidence levels. Moreover, financial knowledge correlates significantly with 

confidence among all lotteries as well. Based on this finding, financial knowledge appears to 

help to some extent to overcome uncertainty. Contrary to the expectations of Enke and 

Graeber (2021), the underlying discount rates of participants seem to play a marginal role. 

None of them interact with the confidence statements. This may indicate either that peoples' 

discount factors of neither a delay nor a speed-up play a role in understanding cognitive 

uncertainty or that the underlying set-up is sub-optimal to examining relations.  

 

In summary, these findings are three major findings. First, connected to Arts et al. (2020), it 

could be shown that people tend to diversify when facing lotteries with uncertain outcomes 

and resulting uncertainty. In those cases, people prefer to balance out their portfolio towards 

an equal weight distribution among the two options. With this, they can bear out the risk by 

partly covering themselves through the presented safe option. The mentioned diversification 

behavior holds for all three conditions that could be investigated with this approach. Second, 

combining the findings of the first hypothesis with the second highlights the role of subjects' 

risk perception. Including this information in the model increases not only the general 

explanatory power of the model but also the significance of the confidence statements along 

all investigated conditions towards the portfolio allocations. Together with the second 

analysis, the relation to uncertainty becomes even clearer. Besides findings that suggest that 

men have experienced a higher level of uncertainty, the correlation between financial 

knowledge and these statements is demonstrated. The third finding indicates that having 

more knowledge about finance-related topics may help to overcome some noise concerning 

cognitive tasks. 
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Discussion 

 

The last part of this thesis will summarize and reflect on findings and will give suggestions for 

improvements to this survey as well as address further research. First, the results will be 

summarized. Second, these findings will be brought in the context of previous literature. This 

will be followed by an interpretation of the findings. After summarizing results and bringing 

them into the context of previous literature, this part shall draw a line between the first two 

points before giving some implications for further research and policies. The last steps are 

then to address some limitations this paper was facing and, lastly, to formulate a conclusion. 

In summary, the results present three major findings. First, through the underlying data, it is 

possible to show a link between the confidence of people and their portfolio allocation. While 

increasing confidence is correlated with an overweight of either option A or B, participants 

who are less confident in their decision tend to allocate the endowed money evenly between 

the presented options. In those cases, people prefer to balance out their portfolio towards an 

equal weight distribution among the two options. With this, they can bear out the risk by 

partly covering themselves through the presented safe option. The mentioned diversification 

behavior holds for all three conditions that could be investigated with this approach. Second, 

combining the findings of the first hypothesis with the second highlights the role of subjects' 

risk perception. Including this information in the model increases not only the general 

explanatory power of the model but also the significance of the confidence statements along 

all investigated conditions towards the portfolio allocations. Together with the second 

analysis, the relation to uncertainty becomes even clearer. Besides, findings suggest that men 

have experienced a higher level of uncertainty. However, gender has not affected the portfolio 

allocation in this sample. Third, through the second analysis, it is possible to highlight the 

impact of financial knowledge on the confidence of individuals. This indicates that having 

more knowledge about finance-related topics may help to overcome some noise concerning 

cognitive tasks.  

 

The findings contribute in several ways to previous literature. It especially expands and 

connects the findings of Arts et al. (2020) by showing that, outside of randomized 



 29 

probabilities, unconfident individuals also have a tendency to distribute money equally 

towards a safe and a lottery option with an uncertain outcome. More generally, it also 

highlights violations of complete preferences by revealing individuals' indecisiveness. This 

draws a line to two implications of Qiu and Ong (2017). On the one hand, subjects do prefer 

to randomize between a binary choice when being uncertain. On the other hand, it 

emphasizes their claim about potential welfare losses if not taking the indecisiveness of 

people into account. Moreover, the findings also connect to issues addressed by Bewley 

(2002) of suboptimal portfolio diversification affected by cognitive biases. This paper puts 

itself in line by emphasizing the role of risk when investigating cognitive uncertainty in the 

process of decision-making (e. g. Cohen et al., 1987; Enke & Graeber, 2019). Furthermore, the 

results show that financial knowledge has a positive impact on subjects’ confidence. This is in 

line with previous literature addressing relating results (e. g. Havlena & DeSarbo, 1991; Agnew 

& Szykman, 2005; van Rooij, Lusardi, and Alessie, 2011).. Lastly, followed by Enke and Graeber 

(2021), this paper has investigated links to the "delay-speed-up asymmetry" with cognitive 

uncertainty. However, the findings around this topic are marginal.  

 

In the context of investment decisions and an optimal portfolio allocation, cognitively 

uncertain people seem to be overwhelmed with choosing the portfolio weights. Under the 

underlying circumstances, they appear to evaluate risks and returns wrong, which results in 

suboptimal investment choices. Especially the combination of uncertainty and perception of 

risk appears to play a major role in people's allocation. However, the findings suggest that 

financial knowledge may help to overcome to some extent this bias and to reduce cognitive 

uncertainty. 

 

This leads to implications for further research topics and to address policy suggestions. First, 

further research could expand the approach of this paper by considering a more 

representative pool of people. With the collection of more participants, treatment groups 

could be created. Along those treatment groups, the presented risky lottery options could 

differentiate from each other. For example, the expected returns in one treatment group 

could be designed to be equal, whereas, in comparison with other groups, these could 
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intentionally be designed to be higher or lower. Another possibility is to increase or decrease 

the range of the lottery probabilities. The two returns along the lotteries which are higher and 

lower the respective sure return, could have either a bigger or smaller interval around that 

value. This would shed some light on the question of how these lotteries may have to be 

designed to motivate subjects to either prefer a safe or risky option. 

 

Moreover, the role of financial knowledge in this specific context could be investigated in 

more detail. Overall, the influence of cognitive uncertainty on money allocations has rarely 

been done in this field. The following research could aim for that to expand collected 

knowledge and improve policies. These policies could address the occurring biases and 

limitations that influence portfolio allocations. This could be done by educating individuals 

and improving their awareness of them those issues. This will prepare investors and decrease 

mistakes they may make or might fear to make. Naturally, this would increase peoples' 

financial knowledge, which showed to decrease cognitive biases. Together with this, 

regulations could be developed that address transparency rules for financial products. 

Probabilities and risks could then be formulated clearly, and access to information would 

improve. Furthermore, lawmakers could incorporate rules that bring financial institutions or 

intermediaries to offer analyses on peoples' portfolios referring to different kinds of scenarios 

that might happen. With this, the transaction costs and overall boundaries would decline, 

which would improve the access for investors to such stability checks.  

Though, this study also needs to address some limitations occurring during the process of 

analysis. The biggest limitation refers to the developed loss treatment. The design was done 

to make sure that subjects would not face any comprehensive difficulties when it comes to 

allocating money towards investment options that only offer sure losses. Nonetheless, this 

made the whole condition marginal and has led to issues of evaluating results sufficiently. Due 

to this, it is also not possible to evaluate participants' diversification behavior when facing only 

negative returns. Moreover, Enke and Graeber (2021) suspect a correlation between cognitive 

uncertainty and the delay-speed-up asymmetry. However, this line could not be drawn in this 

approach. This might be caused by the way this information was collected and due to the set-

up of the lotteries. In general, only one question about a speed-up and one about a delay were 

conducted. This might not be enough to get a full picture of subjects' discount behavior. 
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Additionally, the presented lotteries may be wrong designed to be paired with time 

preference and resulting in reliable findings. One way to improve that is first, to collect more 

detailed information about peoples' underlying discount rates and, second, to present 

investment conditions with different time horizons. This approach appears to be more 

suitable to elicit the influence of the delay-speed-up asymmetry on cognitive uncertainty.  

 

This paper has drawn a first path in the context of money allocations and occurring cognitive 

biases. The underlying question is to what extent cognitive uncertainty impacts individuals' 

investment behavior. People's confidence influences their portfolio allocation in the way that 

they show a tendency to an even portfolio allocation the more uncertain they are. This effect 

is additionally supported by the perception of risk. The riskier an investment is perceived, the 

more uncertain someone becomes, which increases overall the portfolio allocation towards 

an equal distribution. Nonetheless, findings also suggest that education about financial topics 

may help to reduce these biases. Therefore, it is crucial to investigate this topic in more detail 

and to sensibilize people about underlying limitations and biases. 
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Appendix 
 
Figures hypothesis (1) and (2) 
Hypothesis 1:  
 

 
Figure 2: Regression with choice variable c of the simple condition as a dependent variable 

and the confidence statements of the same condition as an independent variable.  

 
Figure 3: Regression with choice variable c of the simple condition as a dependent variable 

and the confidence statements and the perceived risk of the same condition as an 

independent variable. 
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Figure 4: Regression with choice variable c of the simple condition as a dependent variable 

and all remaining variables as independent variables. Model includes: confidence statements, 

perceived risk, age, gender, income, financial knowledge, discount rate WTA, compensation 

rate.   

 
 

 
Figure 5: Regression with choice variable c of the complex condition as a dependent variable 

and the confidence statements of the same condition as an independent variable.  
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Figure 6: Regression with choice variable c of the complex condition as a dependent variable 

and the confidence statements and the perceived risk of the same condition as an 

independent variable. 

 

 
Figure 7: Regression with choice variable c of the complex condition as a dependent variable 

and all remaining variables as independent variables. Model includes: confidence statements, 

perceived risk, age, gender, income, financial knowledge, discount rate WTA, compensation 

rate.   
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Figure 8: Regression with choice variable c of the mix condition as a dependent variable and 

the confidence statements of the same condition as an independent variable.  

 

 
Figure 9: Regression with choice variable c of the mix condition as a dependent variable and 

the confidence statements and the perceived risk of the same condition as an independent 

variable. 
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Figure 10: Regression with choice variable c of the mix condition as a dependent variable and 

all remaining variables as independent variables. Model includes confidence statements, 

perceived risk, age, gender, income, financial knowledge, discount rate WTA, compensation 

rate.   

 
Additional information 
 
More confidence is associated with an allocation of money towards the extreme ends: 

 

This analysis serves as a control measure of whether the collection of confidence statements 

has worked correctly and if the task is understood. Especially considering the safe option (A), 

it is expected that people state to be extremely sure if investing mainly in that option. First, 

the distribution of confidence statements with their means and medians is analyzed. Second, 

considering these values will help to look at the allocation distribution among the highest 

confidence statement.  

 

In the simple opportunity, participants were, on average, more likely to be sure about their 

choices. The average of responses is approximately 3.56, which indicates a slight tendency to 

be "somewhat sure" rather than "neither unsure nor sure." Additionally, the median is at the 

fourth statement – "somewhat sure." The mixed opportunity finds an almost similar 
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distribution. The median equals the one in the simple opportunity, followed by a mean of � 

3.55. It tends, therefore, to the direction of "somewhat sure" as well. 

Furthermore, the complex condition shows the same median but has a mean that tends 

towards the third level of confidence – "neither unsure nor sure." Therefore, most subjects 

are situated around the third and fourth confidence levels. Lastly, around the loss of 

opportunity, people were, on average, neither unsure nor sure about their choice. The median 

for this project is at that statement as well. Thus, the distribution is centered around the third 

statement. 

 

Next is to look at the histogram for the highest confidence. In all conditions, the majority of 

people are located around the third and fourth conditions. Hence, the frequency is relatively 

small among the fifth – "extremely sure." Nonetheless, it will give an overview of how people 

behave when fully confident in their actions.  

     
Figure 11: Allocated money in option A among participants who stated the highest confidence (“extremely sure”). 
 

Figure 11 shows the allocation towards option A among the different investment 

opportunities in the highest confidence statement: "extremely confident." The sum of both 

allocations for each of these opportunities equals 1,000 euros. Therefore, the investment in 

option B equals 1,000 subtracted by "money allocated in option A." This means if someone 

chooses to invest 0 euro in option A, she consequently must have chosen to invest 1,000 euros 

in option B. All of these four conditions show a trend towards the majority of people choosing 

to allocate the money fully in either the safe (A) or risky (B) option. One particular case here 

is the mixed opportunity. The histogram under the highest confidence shows only a trend 

towards investing fully in option A. The reasons for that are already discussed in previous 

sections. Briefly, this condition addresses the loss aversion of subjects and has added an 

expected return of zero. With the negative correlation between the allocation of money 
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towards option B and its confidence, the findings here are expected, given the underlying 

data.  

 
Introduction of the data (summaries & distributions):  
 

 
Table 6: Distribution of gender 
 
The sample consists of 178 valid responses and contains of 76 males, 99 women and 3 

additional persons. In total, the sample shows a majority of female participants (» 55.5; » 13 

% more than males)  

 

 
Table 7: Distribution of age:  
 
 
The survey had a minimum age from 18 and a maximum of 99. The youngest person 

participated is 18 years and the oldest 68. The average age in this data set is by » 28 years, 

whereas the median is at 25.5 years.  
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Table 8: Distribution of income:  
 
The annual income of the participants is well distributed.  All of the six different income classes 

are part of the sample. The median is at the lower interval, between 10,000 € and 14,999 €, 

whereas the mean-value is at » 2.65, which means that the mean income is closer to the 

income interval of 15,000 € and 19,999 €.  

 

 
Table 9: Distribution of self-rated financial knowledge:  
 
People in this data set have, in average, stated their financial knowledge at “Moderately well”, 

looking at the median and the mean. The 10th percent percentile only includes subjects who 

rate their knowledge as “Not well at all”, whereas the 95 % percentile only includes people 

who rate their knowledge about finance as “Extremely well”.  

 

 
Table 10: Time preference of participants facing a delay: 
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Analyzing the time preference of people, we will look first at the compensation people would 

demand if an expected payment would be delayed by one-year. In average, participants 

demand a compensation of » 41.35 euros. This is an extra of » 41 %. The median is 8 % lower 

and states at 33 % compensation for an expected payment of 100 euros. Interesting here, is 

also the 90th percent percentile only includes people who would demand a compensation of 

100 €, meaning that they would expect a 100 % compensation bonus if facing a delay of one-

year. Meaning that those participants show high rates of impatience if facing such a situation 

with expecting high compensations.  

 

 
Table 11: Time preference of participants when facing a “speed-up”:  
 
Looking at the Willingness to Accept, so how much people would accept if a payment of 100 

euros expected in one-year, could be received tomorrow, shows a mean of » 71.8 € that 

people would accept. This means people would accept » 72 % or give up 28 % of their expected 

money to receive it tomorrow. The median lays at accepting 85 euros, or in other words, give 

up 15 % of their expected payment. From the 75 % percentile on, participants are not ready 

to give up any of their money, whereas in the 25 % (or 10 %) percentile subjects would already 

accept half of their expected payment (or 11 euros). Most interesting is, that some 

participants were willing to give up 100 % of the expected payment, which rises questions 

whether the task was understood. The range is also for this wide.  

Now, if comparing the mean (and median) with the demanded compensation, we can detect 

a gap in that people demand about twice as much (or » 13 % more) compensation as they are 

willing to give up. This means, that subjects show a general impatience towards a time delay.  

 
Questionnaire  
 

Start of Block: Welcome 
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Welcome, 
 
this survey is part of a Master's Thesis at the Radboud University of Nijmegen.  
 
With this research, I would like to investigate influences on peoples' investment behavior. 
The answers you provide cannot be right nor wrong. The whole experiment will take 
approximately 5 - 10 minutes.  
 
Take your time and think about the questions and please answer them carefully. The data 
you provide will only be used for scientific purposes and kept anonymous. 
 
If you like to stop working on this survey you can simply close your browser. 
 
Thank you for your participation!  
 
 

End of Block: Welcome 
 

Start of Block: Control Questions 

 
Q1 What is your gender? 
 

o Male  (1)  

o Female  (2)  

o Other  (3)  

o Prefer not to say  (4)  
 
 

 
 
Q2 What is your age? 
 

________________________________________________________________ 
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Q3 Please report your annual income by selecting one of the following intervals. 

o 0 - 9,999 €  (1)  

o 10,000 - 14,999 €  (2)  

o 15,000 € - 19,999 €  (3)  

o 20,000 € - 29,999 €  (4)  

o 30,000 € - 39,999 €  (5)  

o 40,000 € or more  (6)  
 
 

 
Q4 How well would you rate your financial knowledge?  

o Not well at all  (1)  

o Slightly well  (2)  

o Moderately well  (3)  

o Very well  (4)  

o Extremely well  (5)  
 

End of Block: Control Questions 
 

Start of Block: Time Preference 1 

 
QB2.1 Imagine, that you are supposed to receive a payment of 100 € tomorrow. However, 
due to an unexpected delay, you will receive the payment in one year. How much 
compensation (not including the 100 euro) would you demand for this delay? 

 0 10 20 30 40 50 60 70 80 90 100 
 

Please use the slider to determine your choice. 
()  

 
 

End of Block: Time Preference 1 
 

Start of Block: Time Preference 2 
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QB2.2 Imagine, you will receive a payment of 100 € in one year. How much are you willing to 
accept if you could receive it already tomorrow?  

 0 10 20 30 40 50 60 70 80 90 100 
 

Please use the slider to determine the amount 
you are willing to accept. ()  

 
 

End of Block: Time Preference 2 
 

Start of Block: Investment Options: gain lottery 

 
QB3.1.1 Imagine, you get the following investment options offered:  
Option A: Purchase a Dutch government bond with a safe return of 2 % after 1-year.  
 
Or  
 
Option B: Invest in a project which yields: 
2.6 % with a chance of 50 %,  
1.4 % with a chance of 50 %, 
after 1-year.    
 
 
 

 
 
QB3.1.2 You have a budget of 1000 euro, please allocate the amount you are willing to 
invest in each of the options.  
Please note, that the total amount invested (Option A + Option B) shall equal 1000 €. 
 _______ Option A (1) 
 _______ Option B (2) 
 
 

 
QB3.1.3 How confident do you feel about your choice? 

o Extremely unsure  (1)  

o Somewhat unsure  (2)  

o Neither unsure nor sure  (3)  

o Somewhat sure  (4)  

o Extremely sure  (5)  
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QB3.1.4 How risky do you perceive your chosen option? 

o Not risky at all  (1)  

o Somewhat riskless  (2)  

o Neither riskless nor risky  (3)  

o Somewhat risky  (4)  

o Extremely risky  (5)  
 

End of Block: Investment Options: gain lottery 
 

Start of Block: Investment option: complex lottery 

 
QB3.2.1 Imagine, you get the following investment options offered:  
 
Option A: Purchase a Dutch government bond with a safe return of 2 % after 1-year.  
 
Or 
 
Option B: Invest in a project which yields:  
4.3 % with a chance of 25 %, 
3.1 % with a chance of 25 %, 
1.8 % with a chance of 25 %, 
0.7 % with a chance of 25 %, 
after 1-year.   
 
 
 

 
 
QB3.2.2 You have a budget of 1000 euro, please allocate the amount you are willing to 
invest in each of the options.  
Please note, that the total amount invested (Option A + Option B) shall equal 1000 €. 
 _______ Option A (1) 
 _______ Option B (2) 
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QB3.2.3 How confident do you feel about your choice? 

o Extremely unsure  (1)  

o Somewhat unsure  (2)  

o Neither unsure nor sure  (3)  

o Somewhat sure  (4)  

o Extremely sure  (5)  
 
 

 
QB3.2.4 How risky do you perceive your chosen option? 

o Not risky at all  (1)  

o Somewhat riskless  (2)  

o Neither riskless nor risky  (3)  

o Somewhat risky  (4)  

o Extremely risky  (5)  
 

End of Block: Investment option: complex lottery 
 

Start of Block: Investment options: mixed lottery  

 
QB3.3.1 Imagine, you get the following investment options offered:  
 
Option A: Purchase a Dutch government bond with a safe return of 2 % after 1-year.  
 
Or  
 
Option B: Invest in a project which yields: 
+ 3.9 % with a chance of 50 % 
-  3.9 % with a chance of 50 %,  
after 1-year.  
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QB3.3.2 You have a budget of 1000 euro, please allocate the amount you are willing to 
invest in each of the options.  
Please note, that the total amount invested (Option A + Option B) shall equal 1000 €. 
 _______ Option A (1) 
 _______ Option B (2) 
 
 

 
QB3.3.3 How confident do you feel about your choice? 

o Extremely unsure  (1)  

o Somewhat unsure  (2)  

o Neither unsure nor sure  (3)  

o Somewhat sure  (4)  

o Extremely sure  (5)  
 
 

 
QB3.3.4 How risky do you perceive your chosen option? 

o Not risky at all  (1)  

o Somewhat riskless  (2)  

o Neither riskless nor risky  (3)  

o Somewhat risky  (4)  

o Extremely risky  (5)  
 

End of Block: Investment options: mixed lottery  
 

Start of Block: Investment option: Loss lottery 

 
QB3.4.1 Imagine, you get the following investment options offered:  
Option A: Purchase a Dutch government bond with a safe return of -2 % after 1-year.  
 
Or  
 
Option B: Invest in a project which yields:  
- 1.4 % with a chance of 50 %, 
- 2.6 % with a chance of 50 %,  
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after 1-year.   
 
 
 

 
QB3.4.2  Please choose one of the investment options. 

o Option A  (1)  

o Option B  (2)  
 
 

 
QB3.4.3 How confident do you feel about your choice? 

o Extremely unsure  (1)  

o Somewhat unsure  (2)  

o Neither unsure nor sure  (3)  

o Somewhat sure  (4)  

o Extremely sure  (5)  
 
 

 
QB3.4.4 How risky do you perceive your chosen option? 

o Not risky at all  (1)  

o Somewhat riskless  (2)  

o Neither riskless nor risky  (3)  

o Somewhat risky  (4)  

o Extremely risky  (5)  
 

End of Block: Investment option: Loss lottery 
 

 
 


