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Abstract
Does exposure to cognitive load affect key properties of economic behavior? In this 
experiment, subjects face a series of simple binary decision tasks between prospects, 
testing for monotonicity in monetary payments, consistency with (first-order) sto-
chastic dominance, reduction of compound lotteries, risk attitudes, and ambiguity 
attitudes. Cognitive load is manipulated via simultaneous memory tasks. Our data 
show treatment differences resulting from cognitive load for decision tasks with 
risky outcomes. However, cognitive load has no impact on monotonicity and ambi-
guity attitudes. Under a dual-process view of human decision-making, our findings 
suggest that ambiguity attitudes and preferences for “more certain money” are intui-
tive, not reasoned.
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1 Introduction

This paper presents evidence from an experiment featuring choice situations under 
uncertainty, including risk (known probabilities) and ambiguity (unknown probabili-
ties), with and without exposure to cognitive load. The experimental data shows that 
cognitive load has different effects on behavior depending on whether subjects face 
a decision task that involves the comparison of prospects returning certain, risky, or 
ambiguous monetary payments.
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Our design implements simple binary decision tasks that elicit subjects’ ambiguity 
attitudes, risk aversion, as well as their adherence to monotonicity in certain mone-
tary payments, first-order stochastic dominance, and reduction of compound lotteries.

Subjects make decisions in an environment without additional cognitive load 
(treatment Zero), with low cognitive load (treatment Low), and with high cognitive 
load (treatment HigH). Cognitive load is induced via a memory task that runs simul-
taneous to each decision task.

The main findings are that monotonicity in monetary payments and ambiguity 
attitudes are not affected by cognitive load. Both the key idea of “more money is 
better”, which underlies the standard assumption of an increasing utility function in 
economic jargon, and the preference for prospects with known probabilities of out-
comes, known as ambiguity aversion (Ellsberg, 1961), seem to be governed by intui-
tive processes in the human mind, not deliberative ones. The latter processes heav-
ily draw on working memory as a cognitive resource available for decision-making 
(Evans & Stanovich, 2013).

Cognitive load does not interfere with subjects’ behavior when outcomes are 
certain or ambiguous. However, this is different for tasks involving risky payments. 
For these, we find differences for aversion towards risk, adherence to stochastic 
dominance, and reduction of compound lotteries between treatments that occupied 
subjects’ working memory, by manipulating their cognitive load, and those which 
did not. In particular, the negative association we observe between cognitive load 
on the one hand and consistency with stochastic dominance and reduction of com-
pound lotteries on the other hand, is especially true for subjects who display high 
cognitive abilities, suggesting the use of deliberation by such individuals when 
deciding under risk.1

To explain our main findings, we employ a dual-process model. By adapting the 
assumption in Evans and Stanovich (2013) that both memorization and deliberative 
processes make use of a scarce cognitive resource, working memory, while intuitive 
processes do not, we can classify the decision tasks of our experiment by their “com-
plexity”. Subjects would always like to invoke deliberation to solve complex tasks, 
but can only do so if sufficient working memory is available. This is less likely in 
treatments Low and especially HigH. If the task is simple enough to be solved with-
out deliberation or if cognitive load is present, intuitive processes will be used to 
make a choice. Thus, a dual-process model would envision the use of deliberative 
processes only in complex tasks without cognitive load. This distinction identifies 
the tasks for which we find treatment differences and those for which we do not.

The next section provides an overview of the related literature. Section 3 lays out 
the behavioral properties we are interested in. Section 4 describes the experimental 
design and implementation. Section 5 presents our experimental results. Section 6 
uses a dual-process theory to derive a behavioral explanation of the main findings, 
and Section 7 concludes.

1 Cognitive ability is measured via the Cognitive Reflection Test (Frederick, 2005), the Wason Selection 
Task (Wason, 1968), and math task, consisting of several calculus and statistics questions.
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2  Related experimental studies

In this section, we provide an overview of the related literature on behavior in rela-
tion to cognitive load. Cognitive load refers to the taxation of cognitive resources 
available for decision-making and is distinct from cognitive abilities, which refer to 
a decision maker’s general intelligence. Our main focus is on studies that directly 
manipulate cognitive load via an additional task to be solved. There is a growing 
body of literature that explores in what domains of economic decision-making, and 
how, exposure to cognitive load affects behavior.

Economists and psychologists have shown that cognitive load affects, among 
others, math skills, logical reasoning, generosity, food choice, impatience, fairness, 
and strategic behavior.2 Deck and Jahedi (2015) provide a comprehensive survey of 
this literature. However, only few studies have explored how cognitive load affects 
behavior under uncertainty. The existing experiments focus primarily on choice 
under risk and in particular, on risk-taking behavior.

With regards to risk preferences under cognitive load, the results are rather 
inconclusive. While some studies have shown that cognitive load increases risk 
aversion in some tasks (Benjamin et al., 2013; Deck & Jahedi, 2015; Deck et al., 
2021; Gerhardt et  al., 2016), others have reported that risk aversion decreases 
(Blaywais & Rosenboim, 2019), or is even not affected at all (Drichoutis & Nayga, 
2020; Olschewski et al., 2019).3 These studies indicate that statistical significance 
of the reported effects depends on a couple of factors. First, the domain of payoffs 
plays an important role; i.e., whether decision tasks contain lotteries that return 
gains (positive payoffs) or losses (negative payoffs). Second, the lotteries being 
compared seem to matter for statistical significance too; i.e., whether decision tasks 
involve comparison of a safe option (paying a certain amount of money for sure) 
and a risky one, or two risky options. We call the former tasks safe-risky tasks and 
the latter ones risky-risky tasks. Below we summarize the existing studies on risk 
preferences under cognitive load in more detail.

The first experiment that links cognitive load and risk-taking behavior goes back 
to Benjamin et  al. (2013). In this experimental study, cognitive load was induced 

2 Interactive behavior has been intensively studied, showing that cognitive load increases generosity in 
dictator games (Schulz et al., 2014); reduces trust in a trust game (Samson & Kostyszyn, 2015); impairs 
consistency with backward induction strategies (Carpenter et al., 2013); impairs strategic sophistication 
in a beauty contest game (Allred et al., 2016; Zhao, 2020). However, cognitive load has shown no sig-
nificant effects on strategic behavior in an ultimatum game (Cappelletti et al., 2011) and in repeated pris-
oner’s dilemma games (Duffy & Smith, 2014), but decreases cooperation and punishment in a prisoner’s 
dilemma game with a punishment option (Mieth et al., 2021).
3 There is another strand of literature that investigates risk preferences in relation to cognitive abilities. A 
number of studies have shown that cognitive ability tends to be negatively related to risk aversion in the 
domain of gains (Burks et al., 2009; Dohmen et al., 2010; Benjamin et al., 2013) and positively related 
in the domain of losses (Frederick, 2005; Burks et  al., 2009). Other studies have reported no signifi-
cant association (Tymula et al., 2012) or that cognitive ability induces random choice (Andersson et al., 
2016). A detailed synopsis of this literature can be found in Dohmen et al. (2018). More recently, Choi 
et al. (2022) studied the relation between probability weighting (i.e., non-expected utility under risk) and 
cognitive ability. The authors found that subjects with a lower cognitive score responded “less discrimi-
nately to intermediate probabilities and more over-sensitively to extreme probabilities.”
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via an unpaid memory task (a sequence of 7 digits). Risk preferences were elicited 
for two types of binary decision tasks, safe-risky tasks and risky-risky tasks. The 
authors found that cognitive load increased risk aversion in both types of task. How-
ever, this effect is statistically significant for their safe-risky tasks but insignificant 
for their risky-risky tasks.

Deck and Jahedi (2015) studied risk preferences in different environments. Each 
subject faced two types of safe-risky tasks. One task contained lotteries framed in 
the domain of gains and the other one compared lotteries framed in losses.4 Cogni-
tive load was manipulated via a memory task (1 digit and 8 digit numbers). Overall, 
the authors found more risk-averse choices in their high-load treatment, regardless 
of whether subjects faced gains or losses. However, this effect is significant for the 
tasks with gains but not for the ones with losses.

Gerhardt et al. (2016) implemented a different method to induce cognitive load 
than the studies mentioned above. In their load treatment, subjects were asked to 
memorize an arrangement of dots displayed in a matrix. Subjects faced a series of 
safe-risky and risky-risky tasks, all framed in gains. The authors found more risk-
averse choices in both tasks under cognitive load. However, this effect is significant 
only for their safe-risky tasks.5

Using different tasks, Blaywais and Rosenboim (2019) investigated risk attitudes 
under cognitive load when opportunity costs are present. Their tasks included pric-
ing of lotteries, with and without an alternative payment, and choosing between 
these lotteries. Subjects faced a memory task (a 8  digit number). Contrary to the 
previous studies, the authors found significantly less risk aversion under cognitive 
load. Furthermore, subjects displayed a tendency to ignore opportunity costs, which 
was significantly stronger under cognitive load.

In a methodological study, Deck et al. (2021) asked whether the four commonly 
used techniques for manipulating cognitive load in experimental research (i.e., a 
number memorization task, a visual pattern task, an auditory recall (n-back) task, 
and time pressure) have similar effects on risk preferences, among others.6 In all 
load-technique treatment, subjects faced a risk task, which was to select a safe option 
or a fifty-fifty lottery over two positive payments. The authors found that risk aver-
sion significantly increased, and this effect remained unchanged for all techniques 
used to manipulate cognitive load.

Other studies in the literature found no effects of cognitive load on risk-taking 
behavior. Guillemette et  al. (2014) studied loss aversion in relation to cognitive 
load. Each safe-risky task compared lotteries returning either only positive payoffs, 

4 More precisely, their safe-risky task, framed as gains, compared a safe option paying g and a fifty-
fifty lottery paying (2g + g) or nothing, where g was an integer drawn from a uniform distribution on 
{8,… , 15}.
5 It should be remarked that their subjects had to make choices within a time frame of 6.5 seconds. Thus, 
there may have been overlapping cognitive load effects. It is known that time pressure is another channel 
to limit cognitive resources and furthermore, there is empirical evidence that time pressure does indeed 
significantly increase risk aversion (Kirchler et al., 2017).
6 Besides affecting risk preferences, all of the four cognitive load manipulation techniques led to poorer 
performance in math problems, logical problems, and allocation choices.
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only negative payoffs, or both. Cognitive load was induced via unpaid memory 
tasks (a 2  digit or 7  digit number). The authors could not find any significant 
changes in loss aversion.

Drichoutis and Nayga (2020) studied effects of cognitive load on “rational” pref-
erences, i.e., consistency of choices with utility maximization. Subjects performed a 
series of budget allocation tasks, each one bracketed by a memory task (a 1 digit or 
8 digit number). The authors did not find any evidence that cognitive load impacts 
violations of the key postulate of revealed choice theory: the Generalized Axiom 
of Revealed Preferences. Moreover, by applying auxiliary techniques, the authors 
measured risk attitudes and adherence to stochastic dominance. Yet neither the for-
mer nor the latter property was affected by cognitive load.

In another methodological study, Olschewski et  al. (2019) asked whether cog-
nitive load leads to systematic changes in preferences and whether it is driven by 
random choice. Subjects faced a series of safe-risky tasks framed in gains. A sub-
sample of subjects conducted in parallel an auditory (3-back) task, inducing cogni-
tive load. First of all, the authors did not find any significant effect on risk attitudes. 
Second, by estimating the standard information criterion (WAIC) for various para-
metric specifications of (non)expected utilities, the authors concluded that changes 
in risk preferences were not driven by systematic changes in subjects’ preference, 
but instead by randomness.

To our knowledge, cognitive load in relation to behavior under ambiguity has not 
been explored yet. The aim of the current experiment is to fill this gap.

3  Behavioral assumptions

The goal of our experiment is to explore how cognitive load affects key properties 
of economic behavior. We focus on behavioral assumptions that play a central role 
for economists. Economic theories identify key behavioral properties, which in con-
junction with other structural assumptions are sufficient, and sometimes even nec-
essary, to account for an economic phenomenon in question. To make such theo-
ries applicable to real-life decision problems, it is important to assess how the key 
properties are related to different levels of cognitive load to which a decision maker 
(henceforth, DM), e.g., an investor, politician, policy adviser, physician, or entrepre-
neur, may be exposed when making decisions under uncertainty.

As usual, we describe a DM’s behavior by preferences over prospects, which may 
be safe, risky, or ambiguous. When outcomes are monetary payments, a safe pros-
pect pays a monetary amount for sure. A risky prospect (lottery) returns payments 
according to known probabilities. In contrast, an ambiguous prospect does not spec-
ify probabilities of payments.

The first behavioral property we aim to test is Monotonicity. A DM displays a 
monotonic preference in monetary payments if she prefers a safe prospect paying a 
larger amount of money to another safe prospect paying strictly less. Monotonicity 
is a key behavioral assumption almost in all areas of economics that involve mon-
etary outcomes (e.g., financial economics, auctions, and principal-agent models) or 
monetary incentive schemes (e.g., mechanism design and incentivized experiments).
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The second property is called Stochastic Dominance. A DM is said to adhere to 
stochastic dominance if she prefers a lottery that first-order stochastically dominates 
the alternative lottery. That is, the DM prefers a lottery whose cumulative distribution 
is to the right of the alternative lottery. Many theories of choice satisfy this property, 
including expected utility and many generalizations thereof, such as rank-dependent 
utility (Quiggin, 1982) and cumulative prospect theory (Tversky & Kahneman, 1992). 
Since it is a risk attitude-free criterion, Stochastic Dominance is often used in finance 
for investments, portfolio choice, and options evaluation.

The third property is Risk Aversion. A DM is risk averse if she prefers the safe 
prospect paying a lottery’s expected value to the lottery itself. Risk aversion is ubiq-
uitous in economics and finance. It is a key behavioral property used to explain a 
plethora of economic phenomena in areas of insurance, auctions, investments, port-
folio choice, principal-agent relationships, and many more.

The fourth property is called Reduction. A DM adheres to reduction of compound 
lotteries if she is indifferent between a two-stage (compound) lottery and its cor-
responding reduced form. Reduction is a central assumption in theories of choice 
under risk and uncertainty (Samuelson, 1952; Anscombe & Aumann, 1963), includ-
ing models of inter-temporal choice.7 In the latter models, reduction of compound 
lotteries implies time neutrality.

The last property that we are interested in is Ambiguity Attitude, which may be 
ambiguity aversion, love, or neutrality. A DM is ambiguity neutral if she is probabil-
istically sophisticated. Such a DM treats ambiguity as if it was risk by formulating a 
subjective probability distribution that is used to evaluate (ambiguous) prospects as 
lotteries (Machina & Schmeidler, 1992). Probabilistic sophistication entails subjec-
tive expected utility (Savage, 1954), but also allows for non-linear preferences in 
probabilities. Its relevance for economics is unequivocal: “It [...] has allowed for the 
application of a tremendous number of results from probability theory, and it is hard 
to imagine where the theory of games, the theory of search, or the theory of auctions 
would be without it” (Machina & Schmeidler, 1992, p.746).

Since Ellsberg (1961), economists have acknowledged that some individuals violate 
probabilistic sophistication by being either ambiguity averse or ambiguity loving. A DM is 
ambiguity averse if she prefers any (strict) convex mixture of two prospects among which 
she is indifferent to either of them (Gilboa & Schmeidler, 1989). Ambiguity love is the 
opposite. There is no single probability distribution that can rationalize such preferences.

Ambiguity has been successfully applied to explain economic phenomena in various 
areas, e.g., diversification (Dow & Werlang, 1992), incomplete contracts (Mukerji, 
1998), public goods provision (Eichberger & Kelsey, 2002), or behavioral game theory 
(Eichberger & Kelsey, 2011). Some economic phenomena, such as speculative trade, 
are precluded in economies consisting of probabilitistically sophisticated agents, and 
are feasible if and only if ambiguity (and non-neutral attitudes towards it) are present 
(Dominiak & Lefort, 2015).

7 Reduction of compound lotteries was used in early formulations of expected utility as a justification for 
the Independence Axiom. However, Segal (1990) clarified that both assumptions are independent.
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4  Experimental design

In this section, we describe the experimental design, including decision tasks 
and treatments.

The experiment consists of three between subject treatments with varying levels 
of cognitive load, labeled Zero, Low, and HigH. In each treatment, subjects carry 
out six decision tasks: Ambiguity 1, Ambiguity 2, Reduction, Risk, Dominance, and 
Monotonicity. These decision tasks implement choice problems in different environ-
ments. Ambiguity 1 and 2 capture ambiguity. Reduction, Risk, and Dominance rep-
resent risk. Monotonicity represents a situation without uncertainty. The tasks are 
described in the next sub-section.

4.1  Decision tasks

All decision tasks consist of a choice between exactly two prospects: Option A and 
Option B. We implement simple binary tasks to avoid creating extra cognitive load 
from additional prospects. In all tasks except Monotonicity, prospects are binary 
(two payments), and phrased in terms of draws from opaque bags.8 Each bag con-
tains 100 marbles, where each marble is either blue or green. Bags with unknown 
composition of marbles represent ambiguity, while bags with known distributions 
capture risk. One decision task or cognitive load task (see Section 4.2) is randomly 
selected for payment for each subject.

Ambiguity 1 In this task, subjects have to decide between the following two options: 
A) A draw from a bag with 100 marbles, of which 50 are blue and 50 are green. 
Subjects are paid 10 EURO if the drawn marble is blue, and otherwise 0 EURO. B) 
A draw from a bag with 100 blue and green marbles in unknown proportion. Sub-
jects are paid 10 EURO if the drawn marble is blue, and otherwise 0 EURO,9

Ambiguity 2 Subjects have to decide between the following options: A) A draw 
from a bag with 100 marbles, of which 50 are blue and 50 are green. Subjects are 
paid 10 EURO if the drawn marble is green, and otherwise 0 EURO. B) A draw 
from a bag with 100 blue and green marbles in unknown proportion. Subjects are 
paid 10 EURO if the drawn marble is green, and otherwise 0 EURO. The same 
ambiguous bag is used for draws in both ambiguity tasks.

Together, the two ambiguity tasks implement the 2-color experiment of Ellsberg 
(1961), and are from now on called Ambiguity. Subjects who choose the risky option, 

8 For instructions, see Appendix A.
9 Note that we do not add 0.10 EURO to one option in the two Ambiguity tasks to break indifference, 
like we do for the other tasks. The reason is that we always break indifference in favor of the most “con-
servative” behavior; i.e., adhering to Stochastic Dominance Reduction, and being risk neutral. Since 
Ambiguity Attitudes are constructed from two tasks and there are two different choice patterns that lead 
to the conservative classification of Ambiguity Attitudes (ambiguity neutral subjects can either choose 
AB or BA), breaking indifference in favor of ambiguity neutrality is not possible here.
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A, in both ambiguity tasks, reveal Ambiguity Aversion, while subjects who twice choose 
the ambiguous option, B, display Ambiguity Love. Subjects who prefer A in one and B 
in the other task reveal Ambiguity Neutrality, thus behaving consistently with probabil-
istic sophistication.

Reduction In this task, subjects have to decide between the following two options: 
A) A draw from a bag with 100 marbles, 25 of which are blue and 75 of which 
are green. Subjects are paid 20 EURO if the drawn marble is blue, and otherwise 0 
EURO. B) Two draws (with replacement) from a bag with 100 marbles, 50 of which 
are blue and 50 of which are green. Subjects are paid 20 EURO if two blue marbles 
are drawn, and otherwise 0 EURO. To break indifference, subjects are paid an addi-
tional 0.10 EURO for choice B regardless of the draws.

Option A is a simple lottery, whereas Option B represents a compound (two-
stage) lottery. The compound lottery returns 20 EURO with a 25% chance and noth-
ing with a 75% chance. The simple lottery, A, is the reduced form of B. Subjects 
who adhere to Reduction choose B because of the additional payment it offers as 
compared to A, otherwise Reduction fails.

Risk Subjects have to decide between the two prospects: A) A draw from a bag with 
100 marbles, 50 of which are blue and 50 of which are green. Subjects are paid 
10 EURO if the drawn marble is blue, and otherwise 0 EURO. B) A draw from a 
bag with 100 blue marbles. Subjects are paid 5 EURO if the drawn marble is blue, 
and otherwise 0 EURO. To break indifference, subjects are paid an additional 0.10 
EURO for A regardless of the draw.10

The safe option, B, pays the expected value of the risky option, A. Hence, sub-
jects who choose B reveal Risk Aversion, otherwise subjects are either risk neutral or 
risk loving.11

Dominance In this task, subjects are asked to choose between the following two 
prospects: A) A draw from a bag with 100 marbles, 50 of which are blue and 50 
of which are green. Subjects are paid 5 EURO if the drawn marble is blue and 10 
EURO if the drawn marble is green. B) A draw from a bag with 100 marbles, 25 of 
which are blue and 75 of which are green. Subjects are paid 5 EURO if the drawn 
marble is blue and 10 EURO if the drawn marble is green. In addition, 0.10 EURO 
are paid in choice B regardless of the draw.

10 Our results are conservative with respect to subjects who might have been attracted by the 10 cent: 
Selecting A could be consistent with very mild risk aversion. A decision rule of “choose the option 
which pays an extra 10 cent” works against finding violations of Reduction, Risk Aversion, and Stochas-
tic Dominance.
11 As mentioned in Section 2, there are experimental findings showing that exposure to cognitive load may 
enhance risk aversion. However, how strong the effects are, depends on the type of risky tasks. In our setup, 
we elicit risk attitudes via a binary choice between the risky lottery (Option A) and the safe lottery (Option 
B). We deliberately implemented a binary choice instead of a more involved multiple lottery method (Holt 
& Laury, 2002). While the multiple lottery method allows for a finer specification of subjects’ risk aversion, 
it is more complicated. Since our overall aim was to keep the cognitive load from the tasks’ presentation 
comparable across tasks, we opted for a simpler binary choice to test risk aversion.
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The two lotteries return 5 EURO or 10 EURO, however, with different probabili-
ties. Option A offers equally likely payments. Option B pays 10 EURO with 75% 
chance and thus, it (first-order) stochastically dominates A. For this reason, subjects 
who choose the dominant lottery, B, satisfy Stochastic Dominance; otherwise they 
violate Stochastic Dominance.

Monotonicity In this task, subjects have to decide between Option A that pays 5 
EURO and an additional 0.10 EURO and Option B that pays 5 EURO. Both pay-
ments are certain. Since A pays more than B, subjects who choose A satisfy Mono-
tonicity, otherwise they violate it.

4.2  Cognitive load treatments

At sign-up, subjects were randomly allocated to one of three cognitive-load treat-
ments, Zero, Low, or HigH. In treatment Zero, subjects complete the six decision 
tasks previously described. In treatments Low and HigH, subjects are additionally 
exposed to cognitive load.

Memory In treatment Low and HigH, each decision task is simultaneously accompa-
nied by a memory task. Each memory task consists of keeping in memory a 2 digit 
(in Low) or 6 digit (in HigH) number.12 The randomly drawn number is presented in 
the initial OUT (output/memorization) stage and has to be entered in the IN (input/
reproduction) stage. That is, each decision task is preceded by the OUT stage and 
followed by the IN stage of the corresponding memory task. Subjects had a time 
limit of 10s in the OUT stage. However, there was no time limit in the IN stage and 
neither for any of the six decision tasks. A correctly entered number earns 5 EURO 
if that memory task was selected for final payment. The variable Memory encodes 
the number of correctly recalled numbers.

In treatments Low and HigH, subjects are paid for one task that is randomly deter-
mined among the six decision tasks and the six memory tasks. In Zero, subjects are 
paid for one randomly determined decision task. For these tasks, a subject volunteer 
conducted random draws from physical bags filled with marbles at the end of each 
treatment.

To check for order effects, we conducted each treatment by implementing the 
decision tasks in the order presented in Table 1, and in the reverse order (i.e., Mono-
tonicity, Dominance, Reduction, Risk, Ambiguity 2, Ambiguity 1). Dewitte et  al. 
(2005) find that the effects of cognitive load persist even after the load task has 

12 Deck et al. (2021) test four different methods of inducing cognitive load and find that using a memory 
task is very similar to an auditory 3-back task. They use 8 digits and find that only 47.9% of subjects 
correctly recall, suggesting that subjects determine their effort in the memory task endogenously. Other 
experiments in the literature with 8 digits also report high failure rates to recall. We wanted to ensure that 
a larger share (ideally all) of subjects actively engage in memorization and thus are under cognitive load. 
Therefore, we lower the number of digits to 6, leading to a correct recall rate of 89.8%. For the same rea-
son, we pay for the memory task.
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ended. For this reason, we use a between subject design with a low number of over-
all decision tasks. If the effect of cognitive load is cumulative across tasks, it should 
affect the last tasks of the design more than the first tasks. However, we do not find 
any evidence for order effects (see Section 5.1).

4.3  Cognitive ability tasks

The cognitive load stage (i.e., decision tasks, plus memory tasks in treatments Low 
and HigH) is followed by an unpaid demographics questionnaire. The questionnaire 
asks for age, gender, field of study, whether the subjects have taken part in a sta-
tistics course, whether the subjects consider themselves good at multitasking, and 
whether they have previously taken part in an experiment with random draws. After-
wards, the subjects complete cognitive ability tasks. These consist of three paid tasks 
without a memory task. First, they have five minutes to solve a math task (MATH), 
which was to answer five calculus and statistics questions. Then, subjects have five 
minutes to answer the three questions of the Cognitive Reflection Test (CRT) by 
Frederick (2005) and the Wason Selection Task (WST) by Wason (1968). In total, 
subjects have to answer nine questions. For each correct answer, 0.20 EURO are 
added to the payoff from the cognitive load stage. In addition to these payments, 
each subject receives a show-up fee of 5 EURO.

4.4  Implementation

In an ex-ante power calculation, we arrived at a necessary treatment size of 85 sub-
jects.13 In total 259 subjects took part: 89 in treatment Zero, 85 in treatment Low, 
and 85 in treatment HigH. All 19 sessions took place in AWILab at University of 
Heidelberg between July and December 2019. Recruitment was handled with hroot 
(Bock et al., 2014) and the experiment was programmed in oTree (Chen et al., 2016).

Use of mobile phones was not allowed during the entire experiment. Neither was 
the use of pens allowed during the first part. The tasks of the cognitive load stage 
together with their instructions were computerized. After this part, the experiment-
ers asked for a volunteer to conduct all necessary physical draws (using marbles in 
cotton bags that represented the urns depicted in Table  1, with replacement after 
draws) for the first part. The volunteer conducted draws for all options of all deci-
sion tasks. A random draw then selected, for each subject, one out of the twelve total 
decision and cognitive load tasks that would be paid,14 Afterwards, subjects were 
handed printouts for the calculus and statistics questions, CRT, and WST. Subjects 
were not allowed to go back to any previous task.

At the end of the experiment, subjects were paid in cash and private. The total 
payment consisted of the sum of the show-up fee, the payment of one randomly 

13 Power calculation for one-sided Fisher Exact Test with � = 0.05 , power of 0.8, p1 = 0.4 , and p2 = 0.6.
14 In Zero this randomization only ran over the six decision tasks.



143

1 3

Journal of Risk and Uncertainty (2024) 68:133–161 

drawn decision task or cognitive load task, the correctly answered calculus and sta-
tistics questions as well as for the correctly solved questions in CRT and WST. The 
average payout was 12.25 EURO.

5  Experimental results

5.1  Preliminaries

As a first step, we check whether our randomization of subjects worked, whether our 
cognitive load intervention worked, and whether there are order effects.

Randomization All subjects were asked for their gender, whether they had taken 
part in a university statistics course, whether they were generally good at multitask-
ing, and whether they had previously taken part in an experiment using random 
draws. Figure 1 shows the subjects’ answers by treatment. Using Fisher Exact Tests 
(FET), our subjects differed significantly across treatments only in the rate of having 
participated in a statistics course (FET, p = 0.003 , 259 obs.). Fewer subjects in the 
Zero treatment reported this than in the Low and HigH treatments. Subjects also had 
to answer our cognitive ability tasks, MATH, CRT, and WST (see Table 2). These 
tasks were incentivized, but outside of our treatment intervention (Section 4). Using 
FETs, there is no significant difference across treatments for any of the cognitive 
ability tasks.

Order effects To check for order effects, we split all treatments into sessions Normal 
and Reverse. Normal uses the order in which decision tasks are described in Sec-
tion 4 and summarized in Table 1. In Reverse, the order was reversed; i.e., Mono-
tonicity, Dominance, Risk, Reduction, Ambiguity 2, and Ambiguity 1. In total, 131 
subjects took part in Normal and 128 subjects in Reverse. FETs comparing both 

Table 1  Decision tasks

Note: ?: ? denotes an unknown composition, otherwise the composi-
tion is known. a The marked option paid an extra 0.10 EURO regard-
less of draw.

Option A Option B

Ambiguity 1 50 : 50 Urn ? : ? Urn
10 or 0 EURO 10 or 0 EURO

Ambiguity 2 ? : ? Urn 50 : 50 Urn
10 or 0 EURO 10 or 0 EURO

Reduction 25 : 75 Urn 2 × 50 : 50 Urn
20 or 0 EURO 20 or 0  EUROa

Risk 50 : 50 Urn 100 : 0 Urn
10 or 0  EUROa 5 or 0 EURO

Dominance 50 : 50 Urn 25 : 75 Urn
5 or 10 EURO 5 or 10  EUROa

Monotonicity 5.1 EURO 5 EURO
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orders show that there is no significant difference in the outcomes of the decision 
tasks Dominance, Risk, Reduction, Ambiguity 1, and Ambiguity 2. The FETs nei-
ther show significant differences between Normal and Reverse for the number of 
correct answers to our memory tasks in the cognitive load stage (the latter only com-
paring Low and HigH, since there is no intervention in Zero). The only significant 
difference, at the 10% level, we found, is for the decision task Monotonicity (FET, 
two-sided, p = 0.099 , 259 obs.), with more violations in the reverse order.

Intervention Did the harder memory task lead to more mistakes by subjects in treat-
ment HigH compared to treatment Low? It is possible that someone who memorizes 
in HigH has more capacity and is not limited by the memory task. We compare the 
number of correct memory answers, that is, the number of correctly remembered 
numbers, in both treatments (see Table 2). We find that subjects in Low are signifi-
cantly better at remembering their numbers (Wilcoxon-Rank-Sum Exact, two-sided, 
p = 0.007 , obs. 170).

5.2  Main results

Out of the measures taken under cognitive load, the 259 subjects in the full sam-
ple most often respect Monotonicity; 92.7% do, while only 7.3% violate this prop-
erty. 79.2% adhere to Stochastic Dominance and 62.2% to Reduction (of compound 

Fig. 1  Randomization
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lotteries). Furthermore, 69.9% of subjects in the full sample reveal Risk Aversion, 
and 62.9% display Ambiguity Aversion (while 20.8% reveal Ambiguity Neutrality, 
and 16.2% Ambiguity Love). Table 2 shows the results split by treatment.

The main research question is whether there are treatment differences in subjects’ 
behavior under cognitive load for the decision tasks presented in Table 1. To answer 
this question, we test all treatment pairs (Zero-Low, Zero-HigH, and Low-HigH) via 
FETs. There are never any significant differences in any treatment pair for subjects’ 
adherence to Monotonicity and their Ambiguity Attitudes, i.e., whether they are 
ambiguity averse, ambiguity loving, or probabilitistically sophisticated.

Result 1 Monotonicity and Ambiguity Attitudes are not affected by cognitive load.

For the remaining three decision tasks in the presence of risk, treatment differ-
ences exist. Subjects violate Stochastic Dominance significantly more often in 
treatment HigH than in treatment Zero (FET, two-sided, p = 0.005 , 174 obs.). The 
impact of cognitive load on Reduction is weakly significant. In particular, failures 
to reduce compound lotteries occur more often in treatment HigH than in Low (FET, 
two-sided, p = 0.056 , 170 obs.). In our Risk task, subjects tend to be less risk averse 
in Low than in Zero (FET, two-sided, p = 0.031 , 174 obs.) and in HigH compared to 
Zero (FET, two-sided, p = 0.091 , 174 obs.).

Result 2 Treatment differences exist for adherence to Stochastic Dominance and 
Reduction, and for Risk Aversion.

Table 2  Descriptive statistics

High Low Zero

Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.

Choice Task
  Ambiguity Neutrality 0.2353 0.4267 0.1647 0.3731 0.2247 0.4198
  Ambiguity Love 0.1529 0.3621 0.1882 0.3932 0.1461 0.3552
  Ambiguity Aversion 0.6118 0.4902 0.6471 0.4807 0.6292 0.4858
  Reduction 0.5529 0.5001 0.7059 0.4583 0.6067 0.4912
  Risk Aversion 0.6706 0.4728 0.6353 0.4842 0.7865 0.4121
  Stochastic Dominance 0.6941 0.4635 0.8 0.4024 0.8764 0.3310
  Monotonicity 0.9177 0.2765 0.9529 0.2130 0.9102 0.2876

Cognitive Task
 MATH 3.3412 1.5318 3.4235 1.3573 3.5842 1.3468
  CRT 1.9529 1.1329 1.9765 1.1231 1.8989 1.0876
  WST 0.0588 0.2367 0.1059 0.3095 0.0787 0.2707
  Ability 5.3529 2.3840 5.5059 2.3075 5.5618 2.1583

Memory Task
  Memory 5.3882 0.9770 5.7412 0.5153 - -

Number of obs. 85 85 89
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Next, we conduct two robustness checks. First, we exclude subjects who violate 
Monotonicity. Second, we exclude subjects who fail at least one memory task. That 
is, we exclude all subjects for whom we can not guarantee that working memory was 
actually devoted to the memory task (subjects may have endogenously decided to 
focus only on the binary decision task and to not do the memory task).15 The above 
results for adherence to Stochastic Dominance and Reduction are confirmed. These 
results remain significant at the same p-level or even become stronger. However, the 
results on Risk Aversion seem to be driven by subjects who violate Monotonicity or 
fail one of the memory tasks. When we exclude either of these groups of subjects 
from the sample, the above association between risk-taking behavior and cognitive 
load becomes weaker or even insignificant.

Result 3 The effects of cognitive load on Risk Aversion are driven by subjects who 
violate Monotoncity in monetary payments or fail one of the memory tasks.

It is informative to revisit the above results conditional on subjects’ performance 
in our cognitive ability tasks. To this end, we divide the full sample of subjects into 
high-ability and low-ability subjects. As it turns out, significant treatment differ-
ences depend mainly on the behavior of high-ability subjects. We define the variable 
(cognitive) Ability as the sum of correct answers in our three incentivized tasks, i.e., 
MATH, CRT, and WST (see Table 2). All of these measures were taken after the 
cognitive load stage (see Section 4.3).

High-ability subjects are those who answered five or more, out of the total nine, 
questions correctly. Low-ability subjects are those who answered four or fewer 
questions correctly. For our Dominance task, both the Zero-HigH (FET, two-sided, 
p = 0.013 , 117 obs.) and the Zero-Low (FET, two-sided, p = 0.066 , 118 obs.) treat-
ments are significantly different for high-ability subjects, yet neither treatment pair 
is significantly different at 10% level for low-ability subjects. An even stronger pic-
ture emerges for the Reduction task. While we only find a weakly significant result 
for Low-HigH when testing the full subject pool, both Zero-HigH (FET, two-sided, 
p = 0.037 , 117 obs.) and Low-HigH (FET, two-sided, p = 0.007 , 113 obs.) are sig-
nificant for high-ability subjects. For low-ability subjects the Low-HigH difference 
is not significant and the Zero-HigH difference only weakly so (FET, two-sided, 
p = 0.065 , 57 obs.). For the Risk task, no treatment pair is significant at 5% level for 
either sub-sample. However, the Zero-HigH difference stays weakly significant for 
subjects who exhibit high-ability (FET, two-sided, p = 0.067 , 117 obs.). The next 
result summarizes the above findings.

Result 4 The effects of cognitive load on adherence to Stochastic Dominance and 
Reduction are stronger for high-ability subjects.

15 We also test for the specific memory task which was combined with the decision task. Excluding sub-
jects who fail this memory task leads to qualitatively similar results.
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Deck et  al. (2021) made a similar observation. They find that performance 
in their CRT greatly predicts which individuals are affected by cognitive load. 
Those who scored above the median in the CRT are affected more strongly under 
cognitive load.16

Next, we check for the interaction of the above results with the measures with-
out cognitive load taken in the experiment and the demographics data in Probit-
regressions. Table  3 reports on the results of Probit-regressions on the following 
measurements of interest: Ambiguity Aversion, Ambiguity Neutrality, Monotonic-
ity, Reduction, Dominance, and Risk Aversion. We added the following explanatory 
variables in addition to treatment dummies: Age, Multitask (an affirmative answer 
to the question about being able to multitask), Experiment (participation in a previ-
ous experiment that involved an urn-task and draws), and our Ability variable.

We find that subjects’ cognitive ability significantly correlates with preference 
for higher monetary payments, less violations of reduction of compound lotteries, 
and stochastic dominance. However, high cognitive skills cannot determine whether 
subjects are averse or neutral towards ambiguity, and whether they are risk averse. 
The Probit-regressions in specifications (1)-(6) omit the variables Male and Statis-
tics. These two variables are highly correlated with subjects’ cognitive ability (see 
specification (7) in Table 3).

Result 5 High-ability correlates with less violations of Monotonicity, Reduction, 
and Stochastic Dominance, but not with Ambiguity Aversion, Ambiguity Neutrality, 
or Risk Aversion.

Whether subjects successfully remembered the sequence of numbers (2 or 6 dig-
its, depending on treatment) they faced during the cognitive-load tasks is coded in 
the variable Memory. It measures the total number of correctly recalled numbers 
by a subject. Table 4 presents the relationship between Memory and the results of 
our six decision tasks, which are summarized in the variables Ambiguity Aver-
sion, Ambiguity Neutrality, Monotonicity, Reduction, Dominance, and Risk Aver-
sion. Neither task is significant at the 5% level, showing no association between the 
subjects’ behavior in our decision tasks and their performance in the memory task. 
There is no evidence of the subjects having endogenously decided to avoid cognitive 
load by not engaging in both tasks (see Footnote 12).

Last but not least, it is not surprising that subjects facing the harder memory 
task, in treatment HigH, recall their number significantly less often. Subjects who 

16 As a robustness check, we run the above subgroup analysis again, using high and low CRT score 
instead of high and low Ability. We find the same pattern for Reduction (the treatment differences are 
driven by high CRT score subjects), but not for Stochastic Dominance. In our experiment, the CRT score 
also predicts how well subjects do in the memory task. Testing OLS-regression (9), specified in Table 4, 
separately for CRT, WST, and MATH, instead of the Ability sum, reveals that the result is mainly driven 
by the CRT score.
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score well in our ability questions, conducted after the decision tasks, recall more 
often than subjects who fare badly. Neither of our demographic control variables are 
significant.17

Table 3  Regressions for decision tasks

Note: Columns (1)-(6) are Probit-regressions, marginal effects (discrete change for dummy variables) 
with standard errors in parentheses; (7) is an OLS-regression, coefficients with standard errors in paren-
theses. Wald Tests for equality of the High Load and Low Load parameters in (1)-(6) are only significant 
for (4) (two-sided, p=0.0396). Significance levels: *p < 0.1; **p < 0.05; ***p < 0.01.

(1) (2) (3) (4) (5) (6) (7)
Ambiguity Ambiguity Monotonic-

ity
Reduction Stochastic Risk Ability

Aversion Neutrality Dominance Aversion

High Load 0.0016 0.0060 0.0107 –0.0417 –0.2037*** –0.1265*
(0.0747) (0.0608) (0.0293) (0.0744) (0.0718) (0.0750)

Low Load 0.0625 –0.0630 0.0301 0.1136 –0.1032 –0.1406*
(0.0758) (0.0595) (0.0303) (0.0735) (0.0729) (0.0758)

Ability 0.0181 –0.0144 0.0220*** 0.0326** 0.0249** –0.0040
(0.0135) (0.0110) (0.0057) (0.0137) (0.0109) (0.0126)

Age –0.0172** 0.0022 0.0042 –0.0044 0.0044 –0.0077 –0.0263
(0.0079) (0.0054) (0.0046) (0.0063) (0.0068) (0.0060) (0.0276)

Multitask –0.0862 0.0397 0.0130 –0.0312 0.0327 0.0016 –0.3770
(0.0616) (0.0513) (0.0279) (0.0621) (0.0516) (0.0586) (0.2712)

Experi-
ment

–0.0470 0.0105 –0.0009 0.0264 –0.0281 –0.0588 0.3516

(0.0667) (0.0551) (0.0289) (0.0680) (0.0541) (0.0618) (0.2937)
Male 1.3081***

(0.2724)
Statistics 0.8671***

(0.2678)
Constant 5.0421***

(0.7498)
Number of 

obs.
259  259 259 259 259 259 259

Pseudo R2 0.0299  0.0164 0.1277 0.0345 0.0543 0.0251

Adjusted R2 0.1266

17 When testing the individual correlations between single tasks and whether subjects correctly recall the 
number during this task, only being risk averse in the reverse order treatment is significantly correlated at 
5% level with not remembering the number, while no other combination is significant.
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6  Behavioral interpretation

Our experimental results show that only some properties of preferences are affected 
by cognitive load, while others are not. What these properties are, depends on the 
nature of the decision task. Monotonicity and Ambiguity Attitudes remain intact 
as cognitive load increases. In contrast to that, cognitive load (restricted working 

Table 4  Regressions for memory tasks

Note: OLS-regressions. Coefficients with standard errors in parentheses. Significance levels: *p < 0.1; 
**p < 0.05; ***p < 0.01.

Memory Memory Memory Memory

High Load –0.3529*** –0.3541*** –0.3843*** –0.3790***
(0.1198) (0.1222) (0.1249) (0.1297)

Ambiguity Aversion 0.1100 0.0422 0.0960
(0.1637) (0.1650) (0.1696)

Ambiguity Neutrality –0.0731 –0.1194 –0.0953
(0.1999) (0.1992) (0.2068)

Risk Aversion 0.1536 0.1585 0.1430
(0.1268) (0.1259) (0.1339)

Stochastic Dominance 0.1906 0.1480 0.1813
(0.1398) (0.1391) (0.1421)

Reduction –0.1012 –0.1381 –0.1139
(0.1267) (0.1268) (0.1299)

Monotonicity –0.2700 –0.4298* –0.2402
(0.2478) (0.2577) (0.2554)

Ability 0.0714**
(0.0275)

Age 0.0041 –0.0074
(0.0144) (0.0148)

Multitask 0.1113 0.0776
0.1228 (0.1273)

Experiment –0.1334 –0.1034
0.1324 (0.1374)

Male 0.0214
(0.1312)

Statistics –0.0182
(0.1324)

Constant 5.7411*** 5.7607*** 5.7697*** 5.9870***
(0.0847) (0.3090) (0.5300) (0.5451)

Number of obs. 170 170 170 170
R
2 0.0491 0.0858 0.1299 0.0930

Adjusted R2 0.0435 0.0463 0.0694 0.0237
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memory), interferes with behavior in risky environments, i.e., with adherence to 
Stochastic Dominance, Reduction, and Risk Aversion. In this section, we provide a 
possible explanation for these findings.

6.1  Dual‑process paradigm

The impact of cognitive load on economic decision-making is often interpreted through 
the lens of dual-process theories (Rustichini, 2008; Alós-Ferrer & Strack, 2014).

The dual-process paradigm assumes that decision-making (and cognition more 
generally) involves the interplay of two fundamentally distinct types of cognitive 
processes in the human mind (Stanovich, 1999, 2011; Evans, 2010; Kahneman, 
2011; Evans & Stanovich, 2013).18 Type 1 processes do not require any working 
memory. In contrast, Type 2 processes do require working memory.19 The reliance/
non-reliance on working memory is the crucial distinction for our purposes.

Since working memory is limited, it must be selectively allocated among the 
tasks at hand. This is the rationale for our cognitive load intervention (memorizing 
a number). Type 2 processes tackling a decision task and a memory task compete 
for the same scarce resource: working memory. For instance, if a DM keeps in mind 
the displayed number, it occupies her working memory and less thereof is available 
to determine a choice. This may lead to a Type 1 process making the choice.

In terms of their attributes, Type 1 processes are intuitive, effortless, and often 
based on experience or heuristics. Such processes encompass evolutionarily adap-
tive responses, the automatic firing of overlearned associations, and general cog-
nitive processes related to implicit learning and conditioning (Evans & Stanovich, 
2013). In contrast, Type 2 processes are deliberate, cognitively taxing and strongly 
correlate with a person’s cognitive abilities (general intelligence). Specifically, 
decoupling processes must be continually in force during any mental simula-
tion, making them heavily taxing on working memory (Stanovich & Toplak, 
2012). This is, in a nutshell, the essence of the dual-process paradigm of human 
decision-making.20

18 It is common to use the System 1/System 2 distinction introduced by Stanovich (1999). We adopt 
the revised view by Evans and Stanovich (2013), who advocate grouping processes into Type 1/Type 2 
according to their non-reliance/reliance on working memory.
19 Such processes involve hypothetical thinking, mental simulations and cognitive decoupling. Hypotheti-
cal thinking and mental simulations crucially rely on the mechanism of cognitive decoupling: “the ability 
to distinguish supposition from belief and to aid rational choices by running thought experiments” (Evans 
& Stanovich, 2013, p.236). Decoupling processes enable “abstract” thinking by creating mental copies of 
the real world, which are used in mental simulations without being confused with the real world.
20 Many variants of dual-process theories have been suggested in the economics and psychology literature. In 
economics, the most popular are “dual-self” models, with the prototypical “planner-doer” model introduced by 
Thaler and Shefrin (1981). The idea is to divide a DM into a patient self (“planner”) who seeks to maximize 
lifetime utility and a myopic self (“doer”) who is interested in immediate gratification, generating a conflict 
between the DM’s “selves”. Fudenberg and Levine (2006, 2011) developed a rigorous model that solves this 
conflict as a sequential game. In the first stage, the patient self chooses a costly self-control action that affects 
the utility of the myopic self. In the second stage, the myopic self observes the action, and makes a choice. The 
dual-self model can explain a variety of behavioral phenomena, e.g., preference reversals for delayed rewards, 
risk aversion in the large and small, and even some effects of cognitive load on behavior.
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Another key feature of dual-process theories is the interplay of the two types of 
processes. Under the common view of “default interventionism”, Type 1 and Type 2 
processes operate sequentially (Kahneman & Frederick, 2002). That is, Type 1 pro-
cesses instantly generate an intuitive, default response upon which Type 2 processes 
may intervene, presupposed there is a sufficient amount of working memory, or not, 
in order to override the intuitive response by deliberate reasoning. According to 
(Evans & Stanovich, 2013, p.237): “Default interventionism allows that most of our 
behavior is controlled by Type 1 processes running in the background. Thus, most 
behavior will accord with defaults, and intervention will occur only when difficulty, 
novelty, and motivation combine to command the resources of working memory.” 
Building on this view of human (or cognitive) behavior, in the consecutive section, 
we suggest a behavioral framework that explains our main experimental findings.

6.2  Task complexity

To account for the treatment differences reported in Section 5.2, we analyze the six 
decision tasks through the lens of dual-process theories. More precisely, our goal 
is to establish a relationship between a decision task and the two types of mental 
processes (Type 1 and Type 2). That is, what type is most likely to generate a choice 
in each of our treatments? Since the deliberate Type 2 processes heavily depend on 
working memory resources but the intuitive Type 1 processes do not, it is useful to 
look at each task from the point of view of how “cognitively demanding” or “com-
plex” it is for a DM to tackle a decision task. Each such task involves a comparison 
of two binary prospects. To decide which one is favored, subjects need to somehow 
evaluate both options and then compare the valuations.

Prospects may be evaluated in different ways, depending on the underlying 
behavior. For instance, a DM may multiply utilities for outcomes with the respective 
probabilities, which are known or subjective, and aggregate them. For a single prior, 
such a calculation results in a unique expected utility. However, a DM may consider 
many priors, necessitating calculations of multiple expected utilities for each pros-
pect (Gilboa & Schmeidler, 1989).

In Table 5, we classify the decision tasks according to their complexity. While 
such a classification is ad hoc, it can be thought of as a measure of the basic math-
ematical operation involved in the evaluations of the binary decision task a DM 
faces.21 Our Monotonicity task, which does not involve uncertainty, has a low com-
plexity. However, our risky tasks (i.e., Reduction, Risk, and Dominance), feature a 
moderate complexity.

The last column of Table 5 roughly summarizes the experimental results. We find 
treatment differences for those decision tasks whose complexity would indicate that a 

21 In economics, the term “complexity” has been used in various contexts. To our knowledge, Payne 
(1976) and Bettman et  al. (1990) are the first who related the “cognitive effort” required to execute a 
decision strategy to complexity of a choice problem, measured by the number of alternatives and attrib-
utes. Wilcox (1993), on the other hand, views complexity of a task as a “decision cost” that can affect 
economic behavior.
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Type 2 process is used when cognitive load is absent, but a Type 1 process when cog-
nitive load is present. Meanwhile, we do not find treatment differences for those tasks 
which would be solved via a Type 1 process even in the absence of cognitive load.

Tasks of low complexity are so trivial that subjects always make a choice based 
on a Type 1 process. Since these tasks demand no calculation, or were solved 
enough times in the past, Type 2 processes do not intervene to override the default 
response. Therefore, the low complexity tasks are solved by an intuitive Type 1 pro-
cess regardless of whether the DM is exposed to cognitive load or not. For decision 
tasks of medium complexity, however, a Type 2 process would intervene. Yet, when 
cognitive load is present, working memory is already taxed. As a consequence, the 
intervention by a Type 2 process can fail due to lacking cognitive capacity. In other 
words, for moderately complex tasks, the Type of process used for evaluations of 
such tasks can differ between treatments Zero, Low, and HigH.

How complex our Ambiguity task is depends on how subjects evaluate ambig-
uous prospects. Subjects may refrain from any calculations and heuristically pre-
fer risky prospects over ambiguous ones, revealing ambiguity aversion. Since this 
requires no analytic reasoning, the evaluation of each ambiguity task would involve 
an intuitive Type 1 process. On the other hand, a Type 2 process might intervene to 
evaluate ambiguity via multiple expected utilities (Gilboa & Schmeidler, 1989) or 
some more sophisticated models (Klibanoff et al., 2005). However, these models are 
likely too demanding for our subjects to handle. For this reason, a deliberate Type 2 
process attempting to come up with an evaluation would fail to achieve a solution, 
leading subjects to fall back on their intuitive Type 1 decisions.

6.3  Remarks

Some important remarks are in order. First, our approach does not make any 
assumption about the exact nature of the intuitive Type 1 process involved in 
any of the tasks. As Evans and Stanovich (2013) emphasize, Type 1 cognition 
is best understood as a collection of mental processes, which share the feature 
of not requiring working memory, but may otherwise be very different from 
each other. The identification of treatment differences in Table 5 only requires 
that, if a Type 1 process makes a choice under exposure to cognitive load, the 

Table 5  Task complexity and treatment differences

Task Complexity No Load Load Treatment Differences

Monotonicity Low Type 1 Type 1 No (Result 1)
Risk Moderate Type 2 Type 1 Yes (Result 2)
Reduction Moderate Type 2 Type 1 Yes (Result 2)
Dominance Moderate Type 2 Type 1 Yes (Result 2)
Ambiguity Low or High Type 1 Type 1 No (Result 1)
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same choice is arrived at without load. Then, treatment differences can be 
attributed to a difference between the decisions suggested by the Type 2 and 
Type 1 processes.

Second, our complexity notion allows us to establish a relationship that 
specifies, conditional on the amount of cognitive load, the type of cognitive 
processes (Type 1 or Type 2) that may generate a choice. It is worth noting 
that our complexity notion differs from an alternative measure suggested in the 
experimental literature, which explores how “relative complexity” between two 
lotteries of a binary decision task affects choice under risk (but without intro-
ducing cognitive load). In Huck and Weizsäcker (1999), Sonsino et al. (2002), 
and Zilker et al. (2020), the complexity of a lottery (and thus, a decision task) 
is defined as the number of outcomes the lottery returns, i.e., the more out-
comes a lottery has, the more complex it is. However, for each decision task, 
except the Monotonicity task, we described and presented to the subjects both 
of the two prospects as a two-outcomes option. This includes the safe option in 
the Risk task. Therefore, the relative complexity notion ranks five of our deci-
sion tasks (Ambiguity 1, Ambiguity 2, Reduction, Risk, and Dominance) as 
equally complex. Only our Monotonicity task is less complex than each of the 
other tasks. The different results for Ambiguity, on the one hand, and Reduc-
tion, Risk, and Dominance, on the other hand, cannot be explained via relative 
complexity of the outcomes.

Third, the above mentioned experimental studies report that, when the safe option 
of a safe-risky task is explicitly presented as a one-outcome option, choices were 
skewed towards the safe option in safe-risky tasks as compared to the choice dis-
tributions in risky-risky tasks. These preferences for a safe option have been attrib-
uted to subjects’ “complexity aversion”. Zilker et al. (2020) show that this is due to 
presenting the safe option as less complex and that the effect disappears if the safe 
option is modeled with two outcomes. We present the safe option as a lottery with 
two outcomes (with a degenerate distribution). This is similar to the risky option, 
which presents two outcomes as a lottery with equal probabilities. Since we use an 
equal number of outcomes for the safe and the risky option, this complexity aversion 
should not govern our subjects’ choices.22

As our last remark, note that the predictions of Table  5 differ from a random 
choice model, which would predict a move towards a fifty-fifty distribution under 
cognitive load in the binary decision tasks. Since all choice frequencies in Table 2 
are far away from a fifty-fifty distribution, a model assuming that cognitive load 
would increase randomness could explain our results 2 and 3, but not result 1.

22 The study by Benjamin et al. (2013), which finds an effect of cognitive load on risk aversion different 
from our results, uses a one-outcome option for the safe option in the safe-risky tasks. As such, sub-
jects could be driven to the safe option (be risk averse) due to complexity aversion. In contrast, in their 
risky-risky task, both options consist of two outcomes. Because of this symmetry, subjects should not be 
complexity averse and correspondingly, the authors find that the effect of cognitive load on risk aversion 
becomes insignificant.
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7  Conclusion

The reported experimental study has identified properties of economic behavior that 
are affected by cognitive load and those that are not. Adherence to (first-order) sto-
chastic dominance, reduction of compound lotteries, and risk aversion can be con-
ditional on the amount of cognitive load. However, monotonicity and ambiguity 
attitudes are not affected. This suggests that two of the key properties of behavior 
that are broadly studied in the economic literature, “more is better” and ambiguity 
attitudes, are intuitive, not deliberate.

Why do these results matter? When creating predictive models, economists 
should prefer behavioral assumptions that are inherent to the agent of the model and 
invariant. It is important to recognize which behavioral properties are invariant, and 
which are not. Put differently, a predictive model is not reliable if the underlying 
behavior is unstable and changes with environmental conditions not included in the 
model itself. Specifically, agents should reveal inherent preferences in the same way 
with and without cognitive load. Yet some of the key properties we tested are sensi-
tive to changes in cognitive load. This suggests that these behavioral properties are 
either unstable, e.g., because agents reveal them through deliberation, or the elicita-
tion method used is not appropriate, e.g., because its complexity forces agents to 
deliberate about choices. In either case, economists should be careful. If subjects 
have to deliberate about the choices they like best, are they actually revealing their 
ranking of the top choices or their capacity to determine them? On the other hand, 
we find that both monotonicity and ambiguity aversion are not affected by cognitive 
load. Thus, these properties are likely to be “hard-wired” components of behavior 
that will thus make suitable behavioral assumptions for predictive models.

In light of our results, researchers should pay increasing attention to possible 
inferences produced by experimental elicitation mechanisms. For many very com-
monly elicited preferences, e.g. risk aversion, a plethora of elicitation methods 
exists. These methods differ widely in their complexity, from multiple lottery lists 
(Holt & Laury, 2002) to simple verbal questions (Dohmen et al., 2011). Addition-
ally, the way incentives are set (e.g. pay one randomly vs pay all) and the general 
structure of the experiment may or may not add additional complexity. Elicited 
results may depend on said complexity and the interplay between the elicitation 
method and the incentivization. It may prove helpful to experimentally test the cog-
nitive load induced by elicitation methods in the framework of a dual-process model 
in future research.

Appendix A. Instructions

This appendix includes translations of the original German instructions. Each sub-
section was presented on a different screen.
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A.1 General instructions

Welcome to our experiment! Please turn off and put away your mobile phone. Read 
these instructions carefully. If you have any questions, raise your hand. An experi-
menter will then come to you.

Experiment On the following screens, you will see different tasks. On some screens, 
you will have to make a decision between two alternatives, which can correspond 
to random draws from bags filled with marbles. On other screens, you will have 
to memorize a line of numbers. There are twelve tasks in total. At the end of the 
experiment, one of these tasks will be randomly selected for your payment. Random 
draws from bags will be conducted at the end of the experiment by one volunteer 
amongst the participants.

Payment Your payment will be comprised of three parts: First, of the payment for 
the randomly selected task. Second, of the payment for correctly answered ques-
tions. These questions will be distributed at the end of the experiment. Third, every 
participant receives 5 EURO for participating in the experiment. Your final pay-
ment thus is the sum of: payment for randomly selected task + payment for correct 
answers + 5 EURO participation fee.

A.2 Ambiguity 1

You have the choice between the following alternatives:

Option A:
There is a bag which is filled with 100 marbles. 50 marbles are blue and 50 are 
green.
You receive 10 EURO if the drawn marble is blue and 0 EURO if the drawn mar-
ble is green.
There will be a random draw (with replacement).
Option B:
There is a bag which is filled with 100 blue and green marbles. The share of blue 
and green marbles is unknown, however.
You receive 10 EURO if the drawn marble is blue and 0 EURO if the drawn mar-
ble is green.
There will be a random draw (with replacement).

A.3 Ambiguity 2

You have the choice between the following alternatives:

Option A:
There is a bag which is filled with 100 marbles. 50 marbles are blue and 50 are 
green.



156 Journal of Risk and Uncertainty (2024) 68:133–161

1 3

You receive 0 EURO if the drawn marble is blue and 10 EURO if the drawn mar-
ble is green.
There will be a random draw (with replacement).
Option B:
There is a bag which is filled with 100 blue and green marbles. The share of blue 
and green marbles is unknown, however.
You receive 0 EURO if the drawn marble is blue and 10 EURO if the drawn mar-
ble is green.
There will be a random draw (with replacement). The marble will be drawn from 
the same bag that will also be used for decision 1.

A.4 Reduction

You have the choice between the following alternatives:

Option A:
There is a bag which is filled with 100 marbles. 25 marbles are blue and 75 green.
You receive 20 EURO if the drawn marble is blue and 0 EURO if the drawn mar-
ble is green.
There will be a random draw (with replacement).
Option B:
There is a bag which is filled with 100 marbles. 50 marbles are blue and 50 green.
You receive 20 EURO if a blue marble is drawn twice in a row and 0 EURO if a 
green marble is drawn at least once.
In addition, you receive 0.10 EURO regardless of the color of the drawn marble.
There will be two random draws (with replacement).

A.5 Risk

You have the choice between the following alternatives:

Option A:
There is a bag which is filled with 100 marbles. 50 marbles are blue and 50 green.
You receive 20 EURO if the drawn marble is blue and 0 EURO if the drawn mar-
ble is green.
In addition, you receive 0.10 EURO regardless of the color of the drawn marble.
There will be a random draw (with replacement).
Option B:
There is a bag which is filled with 100 marbles. 100 marbles are blue and 0 green.
You receive 5 EURO if the drawn marble is blue and 0 EURO if the drawn mar-
ble is green.
There will be a random draw (with replacement).
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A.6 Dominance

You have the choice between the following alternatives:

Option A:
There is a bag which is filled with 100 marbles. 50 marbles are blue and 50 green.
You receive 5 EURO if the drawn marble is blue and 10 EURO if the drawn mar-
ble is green.
There will be a random draw (with replacement).
Option B:
There is a bag which is filled with 100 marbles. 25 marbles are blue and 75 green.
You receive 5 EURO if the drawn marble is blue and 10 EURO plus 0.10 EURO 
if the drawn marble is green.
There will be a random draw (with replacement).

A.7 Monotonicity

You have the choice between the following alternatives:

Option A:
You receive 5 EURO. In addition, you receive 0.10 EURO.
Option B:
You receive 5 EURO.

A.8 Cognitive load IN stage

The next screen will show your a line of numbers. Memorize those numbers. We 
will ask you later to enter these numbers back into the computer. The line of num-
bers will fade after 10 s.

A.9 Cognitive load OUT stage

Please enter the line of numbers which you memorized in memory task 2.
If you enter the correct line of numbers, you will receive a payment of 5 EURO.
You only have one try to enter the numbers.

A.10 Cognitive ability tasks

Questionnaire
ID:
Seat:
Page 1: Answer all questions. For each correctly answered question, you 
receive 0.20 EURO. You have a maximum of 5 min to solve this page.

Please assume for all questions that dice are six-sided and fair.
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Question 1: How big is the probability that the number in a throw of a die is smaller or equal 2?
Question 2: How big is the probability that in two throws, the number is both times equal to 4?
Question 3: Look at a single throw. Assume that the result is an even number. How big is the 

probability that the number is equal to 2?
Question 4: Assume that the number 3 was thrown 5 times in a row. How big is the probability that 

the next throw will result in a 3?
Question 5: Assume 4 dice are thrown and the numbers added. What is the total number on 

average?

Questionnaire
ID:
Seat:
Page 2: Answer all questions. For each correctly answered question, you 
receive 0.20 EURO. You have a maximum of 5 min to solve this page.

Question 6: A bat and a ball cost $1.10 in total. The bat costs $1.00 more than the ball. How much 
does the ball cost?

Question 7: If it takes 5 machines 5 minutes to make 5 widgets, how long would it take 100 
machines to make 100 widgets?

Question 8: In a lake, there is a patch of lily pads. Every day, the patch doubles in size. If it takes 
48 days for the patch to cover the entire lake, how long would it take for the patch to cover half of 
the lake?

Question 9: Assume you see 4 double sided cards in front of you. Each card has a number on one 
side and a letter on the other side. Which card or cards do you have to turn around to test whether 
the following assertion is true: “If there is a vowel (A,E,I,O,U) on one side, there is an even 
number on the other side.”

Card 11 Card 12 Card 13 Card 14
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