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Abstract 

This research aimed to clarify whether middle adolescents’ risk-taking is driven by 

reduced ambiguity aversion. In Study 1, we explored the development of ambiguity aversion 

using an adaptation of the classic Ellsberg paradox with early adolescents (10-11 years old), 

middle adolescents (14-16 years old) and young adults (20-25 years old). Study 2 examined the 

development of ambiguity aversion depending on the ambiguity level in middle adolescence 

compared to adults. These two studies revealed that only early adolescents did not demonstrate 

ambiguity aversion. In contrast, middle adolescents and adults showed strong ambiguity 

aversion irrespective of ambiguity level. These findings support the idea that the period of 

young adolescence could be the start of ambiguity aversion development, although this 

tendency to avoid ambiguous options is already developed in middle adolescence. This finding 

might have important public health implications and suggests that prevention campaigns should 

consider early adolescence to be a particularly vulnerable age group for risky behaviors. 

 

Key words: Adolescence, Decision-making, Ambiguity aversion, Risk-taking, Ellsberg 

paradox 

 

Introduction 

While the probabilities associated with potential outcomes could make our decision-

making easier, such information is missing in many real-world decisions. Usually, theorists 

have distinguished between two types of decision-making based on the uncertainty level 

(Blankenstein, Huettel, & Li, 2021; Ho, Keller, & Keltika, 2002; Loewenstein, Rick, & Cohen, 

2008; Osmont et al., 2015; Rubaltelli, Rumiati, & Slovic, 2010; Smith, Dickhaut, McCabe, & 
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Pardo, 2002; Tymula et al., 2012). First, decision-making under risk features situations where 

decision-makers can assign a probability of occurrence to each of the uncertain outcomes (e.g., 

a 50% chance of winning $100 and a 50% chance of losing $100). Second, decision-making 

under ambiguity is defined by uncertain outcomes with unknown probabilities (i.e., an unknown 

probability of winning or losing $100). Previous studies have converged in showing that people 

faced with uncertainty have not only a risk aversion - a systematic tendency to prefer a certain 

option over a risky option (e.g., preference for a sure gain of $50 over a 50% chance of winning 

$100) (Cassotti et al., 2012; De Martino, Kumaran, Seymour, & Dolan, 2006; De Neys, 2012; 

Kahneman & Frederick, 2007) - but also an ambiguity aversion. 

This phenomenon of ambiguity aversion is one of the most robust decision biases; 

people exhibit a systematic tendency to avoid options with unknown outcome probabilities 

(Camerer & Weber, 1992; Ellsberg, 1961; Keren & Gerritsen, 1999; Pulford & Colman, 2007a, 

2007b, Trautmann & van de Kuilen, 2015). For example, imagine that doctors propose two 

treatments to combat a disease; the first treatment offers a 50% chance of healing, while the 

second is associated with an unknown probability of healing. What treatment would you 

choose? In such situations, most people would prefer the first treatment over the second 

treatment even if the second option could offer a better chance of survival. 

Ambiguity aversion has been extensively studied in adults by economists and 

psychologists (Camerer & Weber, 1992; Ellsberg, 1961; Fox & Tversky, 1995; Hsu et al., 2005; 

Inukai & Takahashi, 2009; Keren & Gerritsen, 1999; Levy et al., 2010; Osmont et al., 2015; 

Pulford & Colman, 2007a, 2007b; Trautmann, Vieider, & Wakker, 2008). The Ellsberg paradox 

(Ellsberg, 1961) is the emblematic demonstration of ambiguity aversion, which illustrates that 

people do not decide on ambiguous decisions by assigning subjective probability to each 

possible outcome, as initially suggested by subjective expected utility theory (SEU; Savage, 
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1954). In the demonstration, participants must choose between two urns to draw a winning-

color ball (e.g., red balls): a risk urn (Urn A) containing 50 red and 50 black balls and an 

ambiguous urn (Urn B) containing an unknown ratio of 100 red and black balls. After this 

choice, the other color (e.g., black balls) becomes the winning balls, and the urn content remains 

exactly unchanged. According to subjective expected utility (SUE) theory (Savage, 1954), if 

participants prefer the risky urn over the ambiguous urn with regard to drawing a red ball, then 

they should assign to the red balls a winning probability lower than 50% in the ambiguous urn 

(i.e., fewer than 50 red balls and more than 50 black balls in Urn B). Consequently, as the urn 

contents remain unchanged, the ambiguous urn should be chosen when black becomes the 

winning color. This reversal of the winning color (e.g., red winning balls then black winning 

balls) provides a strong measure of ambiguity aversion by testing the persistence of 

participants’ choices. A response pattern involving distinct choices for the two winning colors 

appears to be the logical response following SEU theory (Savage, 1954). Nonetheless, 

Ellsberg’s results showed that people are largely ambiguity averse and prefer the risky urn over 

the ambiguous urn irrespective of the winning color. 

To explain such decision biases, dual system theories have generally opposed an intuitive-

heuristic system (named System 1) to a deliberate-analytic system (named System 2) (Cassotti 

et al., 2012; De Neys, 2006, 2012; Evans, 2010; Kahneman, 2003; Kahneman & Frederick, 

2007). While System 1 operations are typically effortless, rapid and often emotionally charged, 

System 2 processes are assumed to be slow, effortful, and involve cognitively costly strategies. 

According to this theoretical framework, ambiguity aversion identified in adults results from 

an affective and intuitive heuristic belonging to System 1, leading decision-makers to view 

problems with a lack of information about the level of risk of the options as dangerous (Hsu, et 

al., 2005; Huettel, et al., 2006; Osmont et al., 2015; see also Levy et al., 2010). 
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While numerous studies have corroborated this strong ambiguity aversion in adults (Ho, 

Keller, & Keltyka, 2002; Inukai & Takahashi, 2009; Osmont et al., 2015; Pulford, 2009, Pulford 

& Colman, 2007a, 2007b; Smith, Dickhaut, McCabe, & Pardo, 2002; Trautmann et al., 2008), 

even when the ambiguous urn is mathematically more advantageous (Keren & Gerritsen, 1999), 

the developmental trajectory of ambiguity aversion from childhood to adulthood is still unclear, 

especially during middle adolescence (for review Blankenstein et al., 2021). 

Some previous studies have supported the hypothesis of a linear development of 

ambiguity aversion from childhood to adulthood (Blankenstein et al., 2016; Li, Brannon & 

Huettel, 2015; Li, Roberts, Huettel & Brannon, 2017; Tymula et al., 2012). Indeed, prior studies 

have indicated that children do not show ambiguity aversion. Using an adaptation from the 

Ellsberg paradox, Li et al. (2017) showed ambiguity tolerance in 5-year-old children; likewise, 

8-year-old children did not prefer a risky gamble over an ambiguous gamble and were willing 

to bet as much on ambiguous gambles as they were on risky gambles (Li et al., 2015). In 

addition, Tymula et al. (2012) revealed lower levels of ambiguous aversion in 12- to 17-year-

old adolescents than in adult adolescents. Providing larger developmental comparison and using 

a similar design, Blankenstein et al. (2016) confirmed that ambiguity aversion increased linearly 

from 10 to 25 but did not show a specific reduced ambiguity aversion during adolescence. 

Nonetheless, one recent study also provided discrepant results (van den Bos & Hertwig, 

2017). Using a similar design to that used in Tymula et al. (2012) and in Blankenstein et al. 

(2016), the authors revealed that ambiguity tolerance follows a nonlinear developmental trend 

from ages 8 to 22, with a peak at 15 to 16 years old. These results are in sharp contrast with the 

above studies regarding two specific issues. First, while Blankenstein et al. (2016) and Tymula 

et al. (2012) showed a lower ambiguity aversion in adolescence for gain, van der Bos & Hertwig 
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found that ambiguity tolerance peaks in middle adolescence only for loss (e.g., 100% chance 

of losing $4 versus a lottery offering a 50% chance of losing $8 and otherwise nothing). When 

a gamble involved gain outcomes (e.g., 100% chance of winning $4 versus a lottery offering 

50% chances of winning $8 and otherwise nothing), the findings did not show significant age 

differences. Second, nonlinear developmental trends from age 8 to 22 are inconsistent with the 

results that children do not yet show ambiguity aversion, as suggested by Li et al. (2015, 2017). 

Finally, very recent studies did not find clear changes in ambiguity aversion from 

childhood to adulthood (Blakenstein & van Duijvenvoorde, 2019; Braams, Davidow & 

Somerville, 2019; Fairley & Sanfey, 2020; Sutter, Kocher, Rützler & Trautmann, 2013). For 

example, using an adaptation of Ellsberg’s urns, Fairley and Sanfey (2020) did not show an 

effect of age on ambiguity aversion from early to late adolescence and challenged the 

hypothesis of reduced ambiguity aversion in adolescents compared to adults (see also Sutter, 

Kocher, Rützler & Trautmann, 2013). 

Taken together, prior research has underlined the necessity to further consider the 

development of ambiguity-attitude from childhood to adulthood (for review Blankenstein et al., 

2021). 

Significant methodological differences relative to how much probability information is 

available could partly explain the discrepant results. First, Tymula et al. (2012), Li et al. (2015) 

and van den Bos et Hertwig (2017) used partial ambiguity situations (e.g., a probability 

comprised between 40% and 60% of winning $100), whereas Fairley and Sanfey (2020) or 

Sutter et al. (2013) exposed participants to complete ambiguity (e.g., a fully unknown 

probability of winning $100). Second, the design used by Li et al. (2015, 2017) featured the 

initial definition proposed by Ellsberg (1961) (i.e., a choice between risky versus ambiguous 

options). As such, ambiguity aversion is defined as a preference for the risky option over the 
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ambiguous option even when they have similar expected values or when the ambiguous option 

has a higher expected value. In contrast, other studies compared uncertainty aversion in the 

domain of risk (i.e., certain versus risky options) and the domain of ambiguity (i.e., certain 

versus ambiguous options). In these studies, uncertainty aversion in the domain of ambiguity is 

defined as a preference for a certain option over an ambiguous option, even when the two 

options have the same expected value or when the ambiguous option has a higher expected 

value. (Blankenstein et al. 2016; Fairley & Sanfey, 2020; Sutter et al., 2013; Tymula et al., 

2012; van der Bos & Hertwig, 2017). 

Previous studies based on adaptations of the Ellsberg paradox (i.e., involving choices 

between risky and ambiguous gambles) have provided information about ambiguity aversion 

from 5 to 8 years old and during adulthood but not during adolescence and only for complete 

ambiguity situations. This is regrettable given that aversion to ambiguity seems to be an 

important factor for explaining an increase in everyday risk-taking behavior during 

adolescence. Indeed, everyday risk-taking behavior can occur in risky situations (i.e., with 

explicit information about risk level) but mostly occur in ambiguous situations (i.e., without 

information about outcome probabilities) with various ambiguity levels. For instance, an 

adolescent is unlikely to be informed about the exact probability of being involved in an 

accident if he or she decides to drive a scooter without a helmet. According to Tymula et al. 

(2012), ambiguity-attitude more so than risk-attitude appeared to be predictive of real-life risk-

taking (Blankenstein et al. 2016; van der Bos & Hertwig, 2017). 

Using the seminal ambiguity aversion task designed by Ellsberg, the current study aims 

to provide specifications about the developmental trajectory of ambiguity aversion across 

adolescence in fully (Study 1) and partially ambiguous situations (Study 2). This is a crucial 
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issue for hypotheses that claim that reduced ambiguity aversion could explain adolescents’ 

everyday risk-taking behavior. 

 

 

Study 1 

Study 1 aimed to clarify the development of ambiguity aversion from childhood to 

adulthood using an adaptation of the classic Ellsberg paradox in early adolescents (10-11 years 

old), middle adolescents (14-16 years old) and young adults (20-25 years old). 

We reasoned that if ambiguity aversion development follows a linear trend from early 

adolescence to adulthood (Blankenstein et al. 2016), then ambiguity aversion should be minimal 

in early adolescence (i.e., no preference for the risky urn over the ambiguous urn) and should 

be reduced in middle adolescents compared to adults. However, if everyday risk-taking 

behavior result from a higher tolerance to ambiguity in middle adolescence (Tymula et al., 

2012; van der Bos & Hertwig, 2017), then ambiguity aversion might be reduced in the two 

adolescent groups, especially in 14- to 16-year-olds. 

 

Method 

Participants 

Study 1 included 90 participants from three age groups: 30 5th-grade early adolescents 

(10-11 years old, M = 10.26, SD = .45, 14 males), 30 9th-grade middle adolescents (14-16 years 

old, M = 14.3, SD = .59; 15 males) and 30 young adults (20-25 years old, M = 20.93, SD = 

1.98, 16 males). Chi-squared analyses indicated that the gender distribution was not 

significantly different between the age groups (𝒳2(1) = .27, p = .88). Informed consent was 
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obtained from all adults. Adolescents provided parental written consent and were recruited from 

their school. The participants were tested in accordance with international norms governing the 

use of human research participants. According to French law at the time of data collection (Law 

Jardé), this study did not require licensing committee approval from the Consultative 

Committees for the Protection of Persons (CPP) because cognitive non-interventional research 

that is deemed to be of no risk falls outside of the Jardé law. According to university regulations 

at the time the current study was conducted, investigators made their own determination about 

exemption from human subjects ethics review. The adult participants did not have any 

background in logical reasoning or decision-making theory. 

 

Material 

All the participants performed an adaptation of the classic Ellsberg urn paradigm 

(Ellsberg, 1961). This child adaptation consisted of two major modifications. First, real urns 

were placed in front of the participants, who gave written answers. Red and green balls were 

placed in two opaque cylindrical urns (diameter = 4.33 inches; height = 7.08 inches). The two 

urns were identical to avoid a participants’ preference due to the urns’ design. Second, given 

that previous works have shown strong ambiguity aversion irrespective of urn size (Pulford & 

Colman, 2007b), we reduced the total number of balls from 100 to 10. 

 

Procedures 

The participants were shown the two urns and received information about the urns’ 

contents: the risky urn contained a total of 10 balls, 5 red balls and 5 green balls, while the 

ambiguous urn contained a total of 10 balls with an unknown ratio of red and green balls (see 

Figure 1). The two urns were presented as urn (A) and urn (B), and the urn contents were also 
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marked as a reminder on the answer sheet. The urns’ presentation order was counterbalanced: 

urn (A) was the ambiguous urn and urn (B) was the risky urn for half of the participants, while 

the reverse order was presented to the other half of the sample. 

The participants were first taught to imagine that if they drew a red ball (i.e., the winning 

color), they would win $10. They were free to choose from either urn (A) or urn (B) to draw a 

ball: “Imagine you win $10 by drawing a red ball. From what urn do you prefer to draw a ball, 

urn (A) or urn (B)?” The participants circled their response on the answer sheet. As a 

manipulation check, they were also instructed to indicate whether they were confident about 

their answer by completing a 7-point Likert scale ranging from 1 (i.e., not at all confident) to 7 

(i.e., completely confident) (i.e., How confident are you in your choice?). Indeed, given the 

uncertainty level of ambiguous options, confidence should be higher for risky choices than for 

ambiguous choices. In addition, the participants also had to justify their choices to check their 

understanding of the instructions. 

In a second phase, the participants were taught that the content of the two urns remained 

unchanged, but that green was now the winning color: “As you see, the urns’ contents remain 

unchanged. I have neither added nor removed any balls. Now, imagine you win $10 by drawing 

a green ball. From what urn do you prefer to draw a ball, urn (A) or urn (B)?” For the first 

question, the participants circled their response on the answer sheet, indicated whether they 

were confident on the Likert scale and gave a justification for their choice. Finally, they were 

asked to indicate their subjective representation of the ambiguous urn’s content. The order of 

the winning colors was also counterbalanced. 

[Insert Figure 1] 
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Data analyses 

First, as in previous works (Li et al., 2017), we assessed ambiguity aversion by measuring 

the number of participants who chose the ambiguous urn versus the risky urn in each group for 

the first choice (i.e., the first winning color). Chi-square (with Cramer’s V)  and Fisher’s exact 

tests were used to test whether the distribution of ambiguous versus risky choices differed 

between the age groups. 

Furthermore, the persistence of the participants’ choices with the reversal of the winning 

color (e.g., red winning balls then green winning balls) provided a strong measure of ambiguity 

aversion. Indeed, we distinguished between four response patterns: (1) ambiguity-aversion 

pattern (risky-risky: persistent preference for the risky urn); (2) ambiguity-propensity pattern 

(ambiguous-ambiguous: with a persistent preference for the ambiguous urn); (3) shift pattern 

(distinct choices for the two winning-colors: ambiguous-risky or risky-ambiguous) with a 

correct justification as regards SEU theory (justification that respects the principle of subjective 

probability attribution: e.g., a participant chose the risky urn when the winning color was green 

because he or she was certain that there were more red balls in the ambiguous urn and then 

chose the ambiguous urn when red was the winning color for the same reason); and (4) shift 

pattern following SEU theory (distinct choices for the two winning-colors: ambiguous-risky or 

risky-ambiguous) without a correct justification as regards SEU theory (e.g., A participant who 

chose the risky urn when winning color was green because he or she knew the proportion of 

red and green balls, and then chose the ambiguous urn when red was the winning color because 

he or she was curious). Chi-square (with Cramer’s V)  and Fisher’s exact tests were used to test 

whether the distribution of the four patterns differed between the age groups. 
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Finally, we performed ANOVAs on the confidence score to test whether the choice 

confidence level differed between risky and ambiguous choices in early adolescents, 

adolescents, and adults. 

 

Results 

Analysis of risky versus ambiguous first choices 

Chi-square analyses and Fisher’s exact tests revealed that the distribution of the risky urn versus 

the ambiguous urn for the first choice differed between the three age groups, 𝓧2(2) = 11.1, p = 

.004, V= .35 (Fisher’s exact test: p = .006) (see Figure 2A). Early adolescents’ choices differed 

from both middle adolescents’ choices, 𝓧2(1) = 7.5, p = .006, V= .35 (Fisher’s exact test: p = 

.01), and young adults’ choices, 𝓧2(1) = 7.5, p = .006 (Fisher’s exact test: p = .01), while there 

was no difference between adolescents and adults, 𝓧2(1) = 0, p = 1 ns (Fisher’s exact test: p = 

1). Middle adolescents and young adults preferred the risky urn over the ambiguous urns, 𝓧2(1) 

= 7.5, p = .006, V= .35 (Fisher’s exact test: p = .01); however, there was no significant difference 

in the early adolescent group, 𝓧2(1) = 0, p = 1 ns (Fisher’s exact test: p = 1). 

 

[Insert Figure 2] 

 

 

Analysis of response patterns 

Chi-square analyses and Fisher’s exact tests revealed that the distribution of response 

patterns differed among the three age groups, 𝒳2(6) = 19.5, p = .003, V= .33 (Fisher’s exact 

test: p = .003) (see Figure 2B). While there was no difference between middle adolescents and 
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young adults, p = .54 ns, the distribution of early adolescents’ responses differed from middle 

adolescents, 𝒳2(3) = 8.79, p = .03, V= .38 (Fisher’s exact test: p = .05), and adults, 𝒳2(3) = 

15.3, p = .002, V= .51 (Fisher’s exact test: p < .001) (see Figure 2B). 

Chi-square analyses and Fisher’s exact tests revealed that the distribution of the four 

response patterns differed from an uniform distribution among adults, 𝒳2(3) = 22.1, p < .001, 

V= .60 (Fisher’s exact test: p < .001) and middle adolescents, 𝒳2(3) = 15.81, p = .001, V= .50 

(Fisher’s exact test: p < .001), but not among young adolescents, 𝒳2(3) = 3.19, p = .36 ns 

(Fisher’s exact test: p = .39 ns) (see Figure 2B). In fact, ambiguity-aversion is more frequent 

than other patterns among middle adolescents, 𝒳2(1) = 12.59, p <.001, V= .45 (Fisher’s exact 

test: p < .001) and adults, 𝒳2(1) = 18.76, p < .001, V= .55 (Fisher’s exact test: p < .001), but 

not among young adolescents, 𝒳2(1) = .99, p = .32 ns (Fisher’s exact test: p = .24 ns). 

To further explore these differences, we compared the number of responses in accordance 

with each profile between the three age groups. No developmental differences appeared for the 

ambiguity-propensity profile, p = 1, and shift pattern responses with justification, p = .10 ns, 

but there were age group differences for ambiguity-aversion pattern, 𝒳2(2) = 13.4, p = .001, V= 

.38 (Fisher’s exact test: p < .001), and shift pattern without justification, 𝒳2(2) = 10.08, p = 

.006, V= .33 (Fisher’s exact test: p = .008). While early adolescents showed less ambiguity-

aversion patterns than middle adolescents, 𝒳2(1) = 6.7, p = .01, V= .33 (Fisher’s exact test: p = 

.01), and adults, 𝒳2(1) = 11.59, p < .001, V= .44 (Fisher’s exact test: p < .001), there was no 

difference between middle adolescents and young adults, p = .28 ns. Finally, the total number 

of shift pattern responses was higher in early adolescents than in middle adolescents, 𝒳2(1) = 

6.65, p = .01, V= .33 (Fisher’s exact test: p = .01), and adults, 𝒳2(1) = 13.42, p < .001, V= .47 

(Fisher’s exact test: p < .001). 
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Analysis of confidence score 

We performed two ANOVAs on the confidence scores of the two choices (first choice and 

second choice), with urn preference (risky versus ambiguous) and age (early adolescents, 

middle adolescents and young adults) as two between-factors. For both the first choice and the 

second choice, the ANOVAs revealed an effect of urn preference, choice 1: F(1,84) = 6.10, p 

= .01, p2 = .07; choice 2: F(1,84) = 6.70, p = .01, p2 = .07, with a lower confidence for 

ambiguous choices (M ± SD: choice 1: 4 ± .32, choice 2: 3.99 ± .30) than for risky choices (M 

± SD: choice 1: 4.91 ± .18, choice 2: 4.91 ± .18). There was neither a main effect of age nor an 

interaction between age and urn preference, all F < 1. 

 

 

Discussion 

Study 1 aimed to clarify the development of ambiguity aversion from early adolescence 

to adulthood using an adaptation of the classic Ellsberg paradox. Two major results emerged 

from Study 1: 1) middle adolescents (14-16 years old) and young adults (20-25 years old) 

showed strong ambiguity aversion, and 2) only early adolescents (10-11 years old) did not 

exhibit ambiguity aversion. More specifically, 10- to 11-year-old participants did not prefer the 

risky urn over the ambiguous urn for the first choice and gave a more logical response following 

SEU theory (shift pattern) compared to middle adolescents or adults. 

 First, the results are in line with numerous studies that have underlined systematic 

ambiguity aversion in adults (Ellsberg, 1961 ; Hsu et al., 2005; Inukai & Takahashi, 2009; 

Keren & Gerritsen, 1999; Levy et al., 2010; Osmont et al., 2014; Pulford & Colman, 2007a, 

2007b). In this adaptation of the Ellsberg paradox, 83% of the young adults preferred the risky 
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urn over the ambiguous urn during the first winning color choice. Furthermore, the persistence 

of risky choices with the reversal of the winning color (ambiguity-aversion pattern: risk-risk) 

in 80% of the young adult participants confirms that ambiguity aversion can lead to decisions 

that transgress the logical response following SEU theory (distinct choices for the two winning 

colors: ambiguity-risk or risk-ambiguity). 

More importantly, our result extends previous findings that 5-year-old children and 8-

year-old children do not show ambiguity aversion (Li et al., 2015, 2017). Using a similar design 

(i.e., choice between a risky and an ambiguous gamble), we found that early adolescents (10-

11 years old) showed ambiguity tolerance; i.e., they did not significantly prefer a risky gamble 

(50% of early adolescents) over an ambiguous gamble (50% of early adolescents) for the first 

winning color. Only 37% of early adolescents had an ambiguity aversion response pattern when 

faced with the reversal of the winning color. In addition, our design provides further insight into 

early adolescents’ ambiguity attitudes. Indeed, 10- to 11-year-old participants did not show 

more ambiguity inclination per se compared to middle adolescents or adults, with no more than 

20% showing an ambiguity propensity pattern. Interestingly, this reduced ambiguity aversion 

resulted in a more logical response following SEU theory (shift pattern), even if there were few 

correct justifications. Indeed, shift pattern responses were dominant in early adolescents 

(43.33%), in contrast to middle adolescents (13%) and adults (3%). 

Dual-process theories and fuzzy trace theory provide a developmental framework by 

which to explain this counterintuitive finding. First, dual-process theories have postulated the 

development of two intuitive/heuristic System 1 and deliberate/analytic System 2 (Cassotti et 

al., 2012; De Neys, 2006, 2012; Evans, 2010; Kahneman, 2003; Kahneman & Frederick, 2007). 

For example, De Neys and Vanderputte (2011) found an aged-related decrease in performance 
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between 5 and 8 years of age on conflict base-rate problems (i.e., inconsistency of the cued 

stereotypical response and the correct analytic response) but an age-related performance 

increase on no-conflict problems (i.e., consistency of the cued stereotypical response and the 

correct analytic response). Thus, more logical responses in younger participants could result 

from the lower need to deal with automatic/affective responses rather than a decrease in analytic 

thinking skills per se. From the same perspective, fuzzy trace theory postulates the development 

of two parallel decision processes: detail-oriented verbatim processes (e.g., precise/quantitative 

representation of probabilities) and gist-based representations (e.g., vague/qualitative 

representation of probabilities) (Reyna, 2012; Reyna & Brainerd, 2011; Reyna & Farley, 2006). 

Increasing decision-making biases would result from increasing gist processing with age from 

childhood to adulthood, despite increasing reasoning competencies. Thus, ambiguity aversion 

may arise from an affective heuristic—leading to the consideration of issues with a lack of 

information as dangerous—that develop with age and experiences of potential negative 

outcomes in ambiguous situations (Osmont et al., 2015). In our study, the shift response pattern 

in early adolescents could follow a lesser need to resist this affective heuristic rather than more 

logical abilities, as suggested by the small number of correct justifications. In addition, the fact 

that early adolescents exhibit a lower confidence for ambiguous choices than for risky choices 

in a similar way than middle adolescents and adults suggests that they detected the higher 

uncertainty level of ambiguous options. 

Critically, our findings extend previous works on middle adolescents’ ambiguity 

aversion. This question of specific ambiguity attitudes during adolescence is a critical issue and 

has important public health implications. Previous studies have found that ambiguity attitude 

could predict real-life risk-taking and have assumed that adolescents’ engagement in risky 

behaviors can result from a reduced aversion to ambiguous situations rather than an enhanced 
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orientation toward risk per se (Tymula et al., 2012; Blankenstein et al. 2016; van der Bos & 

Hertwig, 2017). Contrary to the findings of Tymula et al. (2012) and Blankenstein et al. (2016), 

our results did not indicate a significant difference in ambiguity aversion between middle 

adolescents and young adults. Middle adolescents, similar to young adults, showed massive 

ambiguity aversion; they largely preferred the risky urn over the ambiguous urn for the first 

winning color (83,33% of middle adolescents) and persisted in choosing the risky urn despite 

the reversal of winning color (70% of ambiguity aversion patterns). Only 5% of middle 

adolescents and adults showed ambiguity propensity. Nonetheless, our results are in line with 

several previous works that did not show age-related effects on ambiguity aversion from early 

to late adolescence (Blakenstein & van Duijvenvoorde, 2019; Braams, Davidow & Somerville, 

2019; Fairley & Sanfey, 2020; Sutter, Kocher, Rützler & Trautmann, 2013). Our results are 

also consistent with those of van der Bos and Hertwig (2017), who found a peak in ambiguity 

tolerance during middle adolescents only for loss gambles but no age-related differences for 

gain gambles. 

Taken together, our results suggest that ambiguity aversion progressively develops with 

age and accumulates experiences of potential negative outcomes in ambiguous situations until 

early adolescence. These findings contradict the hypothesis of a reverse U-shaped trajectory of 

ambiguity aversion with maximal tolerance during middle adolescence. However, these results, 

which are inconsistent with those of Tymula et al. (2012) and Blankenstein et al. (2016), may 

result partly from an important design disparity. Our study is limited to situations that involve 

full ambiguity, while the previous studies distinguished between variable ambiguity levels (i.e., 

partial ambiguity of 25%, 50%, 75% or full ambiguity of 100%). In fact, ambiguity level 

appears to be a crucial factor in apprehending developmental specificities in ambiguity 

aversion. Thus, Study 2 aims to address this issue. 
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Study 2 

Study 1 findings contradict the hypothesis of a reverse U-shaped trajectory of ambiguity 

aversion with maximal tolerance during middle adolescence. Indeed, middle adolescents and 

adults show similar ambiguity aversion. However, contrary to Tymula et al. (2012) and 

Blankenstein et al. (2016), Study 1 provides evidence of strong ambiguity aversion in middle 

adolescents and adults only for full ambiguity situations. As a result, we cannot rule out that 

middle adolescents could have specific ambiguity attitudes when facing partially ambiguous 

situations. Study 2 focused on middle adolescence and adulthood with a manipulation of 

ambiguity level to test this specific hypothesis. More specifically, we aimed to examine the 

development of ambiguity aversion depending on the ambiguity level in middle adolescence 

(13-15 years old) compared to young adults (19-25 years old). This is an important issue 

because real-world risky behavior often occurs in situations where adolescents do not face full 

ambiguity but rather receive partial information about potential outcomes. For Study 1, we used 

an adaptation of the classic Ellsberg paradox with a manipulation of 5 distinct ambiguity levels. 

Based on Tymula et al. (2012), middle adolescents should show reduced ambiguity aversion 

compared to adults irrespective of ambiguity level. Ambiguity aversion should increase with 

ambiguity level only in adults. However, if ambiguity aversion develops in early adolescence, 

as suggested by Study 1, then middle adolescents such as adults should be strongly ambiguity 

averse irrespective of the proportion of ambiguity. 
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Method 

Participants 

Study 2 included 214 participants from two age groups: 101 8th-grade middle adolescents 

(13-15 years old, M = 13.36, SD = .64; 35 males) and 113 young adults (19-25 years old, M = 

20.66, SD = 1.81, 28 males). The participants were randomly assigned to one of five 

experimental conditions. Chi-squared analyses indicated that the gender distribution was not 

significantly different between the age groups (𝒳2(1) = 2.05, p > .15) or between conditions in 

either adolescents (𝒳2(4) = 1.95, p > .50) or adults (𝒳2(4) = .89, p > .90) (see Table 1). Informed 

consent was obtained from all adults included in this study, and adolescents provided parental 

written consent. 

 

Table 1 

Group characteristics in the 5 experimental ambiguity level conditions 

 

 

 

 

 

 

 

Material and procedures 

The materials and procedures used were identical to those used in Study 1, except that we 

defined five ambiguity levels. Depending on the condition, the participants had to choose 

between a risky urn (i.e., 10 balls, 5 red balls and 5 green balls) and an ambiguous urn as 

 Ambiguity level Condition N Female (Male) Mean Age (SD) 

Middle adolescents 

N = 101 

A = 20% 22 16(6) 13.77(.62) 

A = 40% 20 14(6) 13.1 (.31) 

A = 60% 23 14(9) 13.26 (.54) 

A = 80% 16 11(5) 13.25 (.44) 

A = 100% 20 11(9) 13.35(.48) 

Young Adults 

N = 113 

A = 20% 23 18(5) 20.39 (1.77) 

A = 40% 23 16(7) 21 (1.91) 

A = 60% 23 18(5) 20.75 (2.16) 

A = 80% 23 18(5) 20.77 (1.66) 

A = 100% 21 15(6) 20.71 (1.65) 
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follows: complete ambiguity (i.e., 10 unknown-color balls); 80% partial ambiguity (i.e., 8 

unknown-color balls, 1 red ball and 1 green ball); 60% partial ambiguity (i.e., 6 unknown-color 

balls, 2 red balls and 2 green balls); 40% partial ambiguity (i.e., 4 unknown-color balls, 3 red 

balls and 3 green balls); 20% partial ambiguity (i.e., 2 unknown-color balls, 4 red balls and 4 

green balls) (see Figure 3). 

 

[Insert Figure 3] 

 

Data analyses 

As in Study 1, we conducted three distinct analyses: Chi-square (with Cramer’s V)  and  

Fisher’s exact tests were used to test whether the distribution of ambiguous urns versus risky 

urns for the first choice (i.e., the first winning-color) differed between the age groups and the 

five ambiguity levels and whether the distribution of response patterns (ambiguity-aversion 

pattern/ambiguity-propensity pattern/shift pattern with a correct justification as regard SEU 

theory/shift pattern without a correct justification as regard SEU theory) differed among the age 

groups and the five ambiguity levels. To test whether choice confidence differed between 

middle adolescents and adults depending on the ambiguity level, we also performed two 

ANOVAs on the confidence scores of the two choices (first choice and second choice), with 

urn choice (risky versus ambiguous), ambiguity level (A20%; A40%; A60%; A80% and 

A100%), and age (middle adolescents and adults) as the three between-factors. 
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Results 

Analysis of risky versus ambiguous first choices 

Chi-square  and Fisher’s exact tests revealed that the distribution of risky urns versus ambiguous 

urns for the first choice did not differ between middle adolescents and adults irrespective of the 

ambiguity level [Fisher’s exact test: A = 20%: p = 1 ns; A = 40%: p = 1 ns; A = 60%: p = .24 

ns; A = 80%: p = .50 ns; A = 100%: p = .24 ns] (see Figure 4). Indeed, middle adolescents, 

similar to adults, preferred the risky urn over the ambiguous urns [middle adolescent: 𝓧2(1) = 

20.19, p < .001, V= .32, Fisher’s exact test: p < .001; adult: 𝓧2(1) = 19.11, p < .001, V= .29, 

Fisher’s exact test: p < .001], while the risky versus ambiguous choice repartition did not differ 

between ambiguity level for the two age groups [Fisher’s exact test: middle adolescent: p = .63, 

adult: p = .44.] 

[Insert Figure 4] 

 

Analysis of response patterns 

Fisher’s exact tests revealed that the distribution of response patterns differed between 

the two age groups only for the 100% ambiguity level [A = 20%: p = .11 ns; A = 40%: p = 

.64 ns; A = 60%: p = .43 ns; A = 80%: p = .61 ns; A = 100%: p = .009 ns] (see Figure 5). For 

the 100% ambiguity level, while there was no difference between middle adolescents and adults 

for the ambiguity aversion pattern and the shift with justification pattern [Fischer’s exact test: 

ambiguity aversion pattern: p = .53 ns; shift responses without justification: p = .74 ns], the 

number of shift responses without justification was greater in middle adolescents than in young 
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adults, Fisher’s exact test: p = .05, V= .32, and the number of ambiguity propensity was greater 

in young adults than in middle adolescents, Fisher’s exact test: p = .03, V= .35. 

Finally, the number of ambiguity aversion patterns did not differ following ambiguity 

level, either for middle adolescents, p = .82 ns, or for young adults, p = .86 ns. 

[Insert Figure 5] 

 

Analysis of confidence score 

For the first choice as for the second choice, the ANOVAs revealed no significant effect of the 

urn choice, choice 1: F(1,194) = 1.80, p = .18, p
2 = .01; choice 2: F(1,194) = 2.83, p = .09, p

2 

= .01, no main effect of ambiguity level, choice 1: F < 1; choice 2: F < 1, and no interaction 

between ambiguity level and urn choice, choice 1: F < 1; choice 2: F < 1. However, there was 

a marginally significant effect of age for the first choice, F(1,194) = 3.05, p = .08, p
2 = .016, 

and a significant effect of age for the second choice, F(1,194) = 8.31, p < .01, p
2 = .041, with 

a lower confidence score for middle adolescents, choice 1: 4.37 ± .16, choice 2: 4.12 ± .16 (M 

± SD), than for young adults, choice 1: 4.75 ± .15, choice 2: 4.74 ± .14. There was no interaction 

between age and urn choice, all F < 1, or between age and ambiguity level, choice 1: F(4,194) 

= 1.17, p = .33, p
2 = .02; choice 2: F(4,194) = 1.59, p = .18, p

2 = .02]; neither was there a 3-

level interaction, all F < 1. 

 

Discussion 

Study 2 aimed to test whether middle adolescents showed specific ambiguity aversion 

compared to young adults depending on ambiguity level. Two major results confirmed and 
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extended the findings of Study 1; i.e., 1) middle adolescents, similar to young adults, showed 

strong ambiguity aversion even for minimal ambiguity levels, and 2) for the two age groups, 

the size of ambiguity aversion did not depend on ambiguity level. 

In a recent study, Fairley and Sanfey (2020) suggested that ambiguity level could explain 

the previous discrepancy results. Our results did not provide evidence in support of this 

hypothesis. Indeed, 13- to 15-year-old middle adolescents and young adults showed strong 

ambiguity aversion, irrespective of ambiguity proportion. We did not find significant age-

related effects on the number of risky gamble choices for the first winning color or for 

ambiguity averse patterns for all ambiguity levels. Previous works have already shown that 

children and adolescents are not sensitive to ambiguity level (Li et al. 2015; Tymula et al. 2012). 

However, while Tymula et al. (2012) found reduced ambiguity aversion in adolescents even for 

maximal ambiguity levels, our results indicated strong ambiguity aversion—similar to that 

found in adults—even for minimal ambiguity levels. Eighty-two percent of middle adolescents 

and seventy-nine percent of adults preferred the risky urn over the ambiguous urn at the 20% 

ambiguity level. Moreover, the proportion of ambiguity averse response patterns did not differ 

between middle adolescents and adults. 

Finally, our results are also inconsistent with previous works revealing that adults are 

sensitive to ambiguity level (Blankenstein & van Duijvenvoorde 2019; Tymula et al. 2012). 

Indeed, our adult participants did not show ambiguity-level sensitivity. This discrepancy could 

result from the between-subjects design we used to manipulate the ambiguity level. According 

to the comparative ignorance hypothesis (Fox & Tversky, 1995), ambiguity aversion requires 

a comparison with less ambiguous events and disappears in a noncomparative context. 

Although our design clearly involves a comparison between an ambiguous option and a less 
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uncertain option, we cannot rule out that a within-subjects design allowing a direct comparison 

of various ambiguity levels might be more favorable to ambiguity aversion and the emergence 

of an ambiguity level effect in adults. Future studies should address this issue. 

 

 

General discussion 

Our findings are in sharp contrast with the hypothesis that middle adolescents show 

reduced ambiguity aversion compared to adults, as suggested by Tymula et al. (2012). The 

studies discussed here support the idea that young adolescence could be the start of ambiguity 

aversion development (Blankenstein et al., 2016) and suggest that this tendency to prefer risky 

over an ambiguous option is already developing in middle adolescence, irrespective of 

ambiguity level. This research underlines that ambiguity level is not enough to explain the 

discrepant results about ambiguity aversion development during adolescence (Fairley & 

Sanfey, 2020). Middle adolescents, like adults, show strong ambiguity aversion even for 

minimal ambiguity levels. Interestingly, the lack of effect of the ambiguity levels is keeping 

with the fuzzy trace theory and might suggest that ambiguity aversion involves gist processing 

in middle adolescents. 

However, the inconsistent results could be explained by other substantial methodological 

disparities. First, the large age range of the adolescent group (i.e., from 12 to 17 years old) could 

partially explain Tymula et al.’s (2012) findings. Second, our design, similar to that of Li et al. 

(2015, 2017), provides an evaluation of ambiguity aversion in accordance with the initial 

definition proposed by Ellsberg (1961) (i.e., a preference for the risky option during choices 

between a risky and an ambiguous gamble). In other studies (Blankenstein et al. 2016; Tymula 
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et al., 2012; van der Bos & Hertwig, 2017), participants had to choose between a sure option 

and an ambiguous option. As such, this design opposes two options that are associated with 

distinct reward values (e.g., $5 for the sure option versus $20 for the ambiguous gamble). Given 

the enhanced reward sensitivity in middle adolescence (Braams, van Duijvenvoorde, Peper & 

Crone, 2015; Galvan, 2010; Somerville, Jones and Casey, 2010; Van Leijenhorst et al., 2010), 

the preference for the ambiguous gamble could be driven by the larger reward. Moreover, this 

reward sensitivity could lead adolescents to focus on the potential reward more than the 

uncertainty level, especially when gamble probabilities are unknown (i.e., only information 

about rewards is available for ambiguous gambles). In contrast, adaptation of Ellsberg’s task, 

as the one we used in the present study, involved reward values that were strictly similar 

between the two options, allowing a more direct test of ambiguity aversion. 

Finally, ambiguity is also a decisive construct used to understand adolescent risk-taking 

in social-emotional contexts. For example, two recent studies have shown that middle 

adolescents showed an impairment of feedback-based learning during ambiguous risk-taking 

tasks compared to adults (Osmont et al., 2017) and were thus more likely to follow peer 

influence in such ambiguous situations (Osmont et al., 2021). On the other hand, Blankeinstein 

et al. (2016) found that social context impacts risk attitudes but not ambiguity attitudes. Further 

studies are needed to clarify whether distinct social contexts could influence ambiguity 

attitudes. 

Limitations 

The current study has several limitations that should be acknowledged. First, our 

participants did not play for real monetary payoffs. Nonetheless, previous works showed similar 

results when the experiments involved real payoffs and participants were paid according to their 
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choices (Sutter et al., 2013). Similarly, we cannot rule out that the subjective value of $10 would 

vary by age and whether it could interact with age-related ambiguity aversion findings. Futures 

studies should address these questions. Second, we aimed to closely feature the initial definition 

of ambiguity aversion, but this adaptation of the Ellsberg paradox is a single trial of two choices, 

which could limit the sensitivity. In the same way, this single choice design did not allow us to 

explore whether ambiguity aversion—similar to uncertainty aversion in the domain of 

ambiguity —is negatively related to real-life adolescents’ risk-taking. Future studies should 

address this important point. Moreover, even if the present study supported the suggestion that 

ambiguity aversion emerges between young adolescence and middle adolescence, future 

researchers may also include more adolescent groups to understand the exact developmental 

trajectory of ambiguity aversion more precisely. 

 

Conclusion 

These two studies revealed that only early adolescents do not demonstrate ambiguity 

aversion. Indeed, middle adolescents and adults showed strong ambiguity aversion irrespective 

of ambiguity levels. These findings support the idea that the period of young adolescence could 

be the start of ambiguity aversion development. This finding might have important public health 

implications and suggests that prevention campaigns should consider early adolescence to be a 

particularly decisive age for risky behaviors. 

 

Supporting Information and data 

Additional tables are available as supporting information. For the two studies, these tables 

provide: 

- Risky (R) versus ambiguous (A) choices for the first winning color (first choice) and 
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the second winning color (second choice) 

- Response pattern distributions 

-The subjective representation of the ambiguous urn’s color 

 

Data are available on the platform OSF: 

https://osf.io/s6axu/?view_only=8bbb287d549a4ca2a91fd68b0d244c6c. 

 

References 

Blankenstein, N. E., Crone, E. A., van den Bos, W., & van Duijvenvoorde, A. C. (2016). 

Dealing With Uncertainty: Testing Risk- and Ambiguity-Attitude Across Adolescence. 

Developmental neuropsychology, 41(1-2), 77–92. 

https://doi.org/10.1080/87565641.2016.1158265  

Blankenstein, N. E., & van Duijvenvoorde, A. C. K. (2019). Neural tracking of subjective value 

under risk and ambiguity in adolescence. Cognitive, Affective, & Behavioral 

Neuroscience., 19(6), 1364–1378. https://doi.org/10.3758/s13415-019-00749-5 

Blankenstein, N. E., Huettel, S. A., & Li, R. (2021). Resolving ambiguity: Broadening the 

consideration of risky decision making over adolescent development. Developmental 

Review, 62. 

Braams, B. R., Davidow, J. Y., & Somerville, Leah H. (2019). Developmental patterns of 

change in the influence of safe and risky peer choices on risky decision making. 

Developmental Science, 22(1). https://doi.org/10.1111/desc.2019.22.issue-

110.1111/desc.12717 

Braams, B. R., van Duijvenvoorde, A. C., Peper, J. S., & Crone, E. A. (2015). Longitudinal 

changes in adolescent risk-taking: a comprehensive study of neural responses to rewards, 

pubertal development, and risk-taking behavior. The Journal of neuroscience: the official 

journal of the Society for Neuroscience, 35(18), 7226–7238. 

https://doi.org/10.1523/JNEUROSCI.4764-14.2015 

Camerer, C., & Weber, M. (1992). Recent developments in modeling preferences: Uncertainty 

and ambiguity. Journal of Risk and Uncertainty, 5(4), 325–370. 

https://doi.org/10.1007/BF00122575 

Casey, B. J., Getz, S., & Galvan, A. (2008). The adolescent brain. Developmental Review, 

28(1), 62–77. http://doi.org/10.1016/j.dr.2007.08.003 

Cassotti, M., Habib, M., Poirel, N., Aïte, A., Houdé, O., & Moutier, S. (2012). Positive 

emotional context eliminates the framing effect in decision-making. Emotion, 12(5), 926–

931. https://doi.org/10.1037/a0026788 

https://osf.io/s6axu/?view_only=8bbb287d549a4ca2a91fd68b0d244c6c


Development of Ambiguity Aversion 

 

28 

 

 

De Martino, B., Kumaran, D., Seymour, B., & Dolan, R. J. (2006). Frames, Biases, and Rational 

Decision-Making in the Human Brain. Science, 313(5787), 684–687. 

https://doi.org/10.1126/science.1128356 

De Neys, W. (2006). Dual Processing in Reasoning Two Systems but One Reasoner. 

Psychological Science, 17(5), 428–433. https://doi.org/10.1111/j.1467-9280.2006.01723.x 

De Neys, W., & Vanderputte, K. (2011). When less is not always more: Stereotype knowledge 

and reasoning development. Developmental Psychology, 47(2), 432–441. 

https://doi.org/10.1037/a0021313 

De Neys, W. (2012). Bias and Conflict A Case for Logical Intuitions. Perspectives on 

Psychological Science, 7(1), 28–38. https://doi.org/10.1177/1745691611429354 

Ellsberg, D. (1961). Risk, Ambiguity, and the Savage Axioms. The Quarterly Journal of 

Economics, 75(4), 643-669. https://doi.org/10.2307/1884324 

Evans, J. S. B. T. (2011). Dual-process theories of reasoning: Contemporary issues and 

developmental applications. Developmental Review, 31(2-3), 86–102. 

https://doi.org/10.1016/j.dr.2011.07.007 

Fairley, K. & Sanfey, A.G. (2020). The role of demographics on adolescents' preferences for 

risk, ambiguity, and prudence. Journal of Economic Behavior & Organization, 179, 784-

796. 

Fox, C. R., & Tversky, A. (1995). Ambiguity Aversion and Comparative Ignorance. The 

Quarterly Journal of Economics, 110(3), 585–603. https://doi.org/10.2307/2946693 

Galvan, A. (2010). Adolescent Development of the Reward System. Frontiers in Human 

Neuroscience, 4(6). https://doi.org/10.3389/neuro.09.006.2010 

Ho, J. L., Keller, L. R., & Keltyka, P. (2002). Effects of outcome and probabilistic 

ambiguity on  

Managerial choices. Journal of Risk and Uncertainty, 24(1), 47–74. 

Hsu, M., Bhatt, M., Adolphs, R., Tranel, D., & Camerer, C. F. (2005). Neural Systems 

Responding to Degrees of Uncertainty in Human Decision-Making. Science, 310(5754), 

1680–1683. https://doi.org/10.1126/science.1115327 

Inukai, K., & Takahashi, T. (2009). Decision Under Ambiguity: Effects of Sign and Magnitude. 

International Journal of Neuroscience, 119(8), 1170–1178. 

https://doi.org/10.1080/00207450802174472 

Kahneman, D. (2003). A perspective on judgment and choice: mapping bounded rationality. 

The American Psychologist, 58(9), 697–720. https://doi.org/10.1037/0003-066X.58.9.697 

https://doi.org/10.1016/j.dr.2011.07.007


Development of Ambiguity Aversion 

 

29 

 

 

Kahneman, D., & Frederick, S. (2007). Frames and brains: elicitation and control of response 

tendencies. Trends in Cognitive Sciences, 11(2), 45–46. 

https://doi.org/10.1016/j.tics.2006.11.007 

Keren, G., & Gerritsen, L. E. (1999). On the robustness and possible accounts of ambiguity 

aversion. Acta Psychologica, 103(1), 149–172. https://doi.org/10.1016/S0001-

6918(99)00034-7 

Levy, I., Snell, J., Nelson, A. J., Rustichini, A., & Glimcher, P. W. (2010). Neural 

Representation of Subjective Value Under Risk and Ambiguity. Journal of 

Neurophysiology, 103(2), 1036–1047. https://doi.org/10.1152/jn.00853.2009 

Li, R., Brannon, E. M., & Huettel, S. A. (2015). Children do not exhibit ambiguity aversion 

despite intact familiarity bias. Frontiers in Psychology, 5. 

http://dx.doi.org/10.3389/fpsyg.2014.01519. 

Li, R., Roberts, R. C., Huettel, S.A. & Brannon, E. M. (2017). Five-year-olds do not show 

ambiguity aversion in a risk and ambiguity task with physical objects. Journal of 

Experimental Child Psychology, 159, 319-326. https://doi.org/10.1016/j.jecp.2017.02.013 

Loewenstein, G. F., Rick, S., & Cohen, J. D. (2008). Neuroeconomics. Annual Review of 

Psychology, 59, 647–672. https://doi.org/10.1146/annurev.psych.59.103006.093710 

Osmont, A., Cassotti, M., Agogué, M., Houdé, O., & Moutier, S. (2015). Does ambiguity 

aversion influence the framing effect during decision making? Psychonomic Bulletin & 

Review, 22(2), 572–577. https://doi.org/10.3758/s13423-014-0688-0 

Osmont, A., Moutier, S., Simon, G., Bouhours, L., Houdé, O. & Cassotti, M (2017). How does 

explicit versus implicit risk information influence adolescent risk-taking engagement? Journal 

of Behavioral Decision-Making, 30 (5), 1093-1103. https://doi.org/10.1002/bdm.2026 

Osmont, A., Camarda, A., Habib M., & Cassotti, M. (2021). Peers’ choices influence adolescent 

risk-taking especially when explicit risk information is lacking. Journal of Research on 

Adolescence, 31 (2), 402-416. https://doi.org/10.1111/jora.12611 

Pulford, B. D. (2009). Is luck on my side? Optimism, pessimism, and ambiguity aversion. The 

Quarterly Journal of Experimental Psychology, 62(6), 1079–1087. 

https://doi.org/10.1080/17470210802592113 

Pulford, B. D., & Colman, A. M. (2007a). Ambiguous games: Evidence for strategic ambiguity 

aversion. The Quarterly Journal of Experimental Psychology, 60(8), 1083–1100. 

https://doi.org/10.1080/17470210600866354 

Pulford, B. D., & Colman, A. M. (2007b). Size Doesn’t Really Matter. Experimental 

Psychology, 55(1), 31–37. https://doi.org/10.1027/1618-3169.55.1.31 

Reyna, V. F. (2012). A new intuitionism: Meaning, memory, and development in Fuzzy-Trace 

Theory. Judgment and Decision Making, 7(3), 332. 

https://doi.org/10.1152/jn.00853.2009
http://dx.doi.org/10.3389/fpsyg.2014.01519
https://doi.org/10.1016/j.jecp.2017.02.013


Development of Ambiguity Aversion 

 

30 

 

 

Reyna, V. F., & Brainerd, C. J. (2011). Dual processes in decision making and developmental 

neuroscience: A fuzzy-trace model. Developmental Review, 31(2–3), 180–206. 

https://doi.org/10.1016/j.dr.2011.07.004 

Reyna, V. F., & Farley, F. (2006). Risk and rationality in adolescent decision making 

implications for theory, practice, and public policy. Psychological Science in the Public 

Interest, 7(1), 1–44. 

Rubaltelli, E., Rumiati, R., & Slovic, S. (2010). Do ambiguity avoidance and the comparative 

ignorance hypothesis depend on people’s affective reactions? Journal of Risk and 

Uncertainty, 40(3), 243–254. https://doi.org/10.1007/s11166-010-9091-z 

Savage, L. J. (1954). Foundations of statistics. Oxford, England: Wiley. 

Smith, K., Dickhaut, J., McCabe, K., & Pardo, J. V. (2002). Neuronal Substrates for Choice 

Under Ambiguity, Risk, Gains, and Losses. Management Science, 48(6), 711–718. 

https://doi.org/10.1287/mnsc.48.6.711.194 

Somerville, L. H., Jones, R. M., & Casey, B. J. (2010). A time of change: Behavioral and neural 

correlates of adolescent sensitivity to appetitive and aversive environmental cues. Brain 

and Cognition, 72(1), 124–133. https://doi.org/10.1016/j.bandc.2009.07.003 

Sutter, M., Kocher, M. G., Rützler, D. & Trautmann, S. T. (2013). Impatience and Uncertainty: 

Experimental Decisions Predict Adolescents' Field Behavior. American Economic 

Review, 103 (1): 510-31. 

Trautmann, S., & van de Kuilen, G. (2015). Ambiguity attitudes. In G. Keren, & G. Wu 

(Eds.), The Wiley Blackwell Handbook of Judgment and Decision Making (pp. 89-116). 

[Chapter 3] John Wiley & Sons Ltd. https://doi.org/10.1002/9781118468333.ch3 

Trautmann, S. T., Vieider, F. M., & Wakker, P. P. (2008). Causes of ambiguity aversion: 

Known versus unknown preferences. Journal of Risk and Uncertainty, 36(3), 225–243. 

http://doi.org/10.1007/s11166-008-9038-9 

Tymula, A., Rosenberg Belmaker, L. A., Roy, A. K., Ruderman, L., Manson, K., Glimcher, P. 

W., & Levy, I. (2012). Adolescents’ risk-taking behavior is driven by tolerance to 

ambiguity. Proceedings of the National Academy of Sciences, 109(42), 17135–17140. 

https://doi.org/10.1073/pnas.1207144109 

van den Bos, W., & Hertwig, R. (2017). Adolescents display distinctive tolerance to ambiguity 

and to uncertainty during risky decision making. Scientific reports, 7, 40962. 

https://doi.org/10.1038/srep40962 

van Leijenhorst, L., Moor, B. G., Op de Macks, Z. A., Rombouts, S. A. R. B., Westenberg, P. 

M., & Crone, E. A. (2010). Adolescent risky decision-making: Neurocognitive 

development of reward and control regions. NeuroImage, 51(1), 345–355. 

https://doi.org/10.1016/j.neuroimage.2010.02.038 

 

https://doi.org/10.1016/j.bandc.2009.07.003
https://doi.org/10.1002/9781118468333.ch3
https://doi.org/10.1073/pnas.1207144109
https://doi.org/10.1038/srep40962


Development of Ambiguity Aversion 

 

31 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



Development of Ambiguity Aversion 

 

32 

 

 

 

Figure 1: Materials and design. Two opaque urns were displayed to the participants. 

Participants were informed that the risky urn contained 5 red and 5 green balls, while the 

ambiguous urns contained 10 balls with an unknown ratio of red and green balls. The content 

of the two urns remained unchanged, but the winning color changed between the two phases of 

the task. 
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Figure 2: A) Risky versus ambiguous choices (%) for the first winning color in early 

adolescents, middle adolescents and adults. Adolescents, similar to adults, preferred the risky 

urn over the ambiguous urn, while there was no difference in early adolescents. B) Response 

patterns (%) for the three age groups. (ns = p >.05; * = p <.5; ** = p <.01; *** = p <.001; italic 

type refers to age-group differences and bold type refers to within-group differences) 
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Figure 3: Materials and design. Two opaque urns was displayed to the participants: the risky 

run containing 5 red and 5 green balls, and the ambiguous urns containing 10 balls with a 

variable level of ambiguity (Ambiguity=100%, Ambiguity =80%, Ambiguity =60%, 

Ambiguity =40%, Ambiguity =20%.) 
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Figure 4: Risky versus ambiguous choices (%) for the first winning color in middle adolescents 

and adults and for the five ambiguity levels. Adolescents, similar to adults, preferred the risky 

urn over the ambiguous urn, irrespective of ambiguity levels. (ns = p >.05; * = p <.5; ** = p 

<.01; *** = p <.001; italic type refers to age-group differences and bold type refers to within-

group differences) 
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Figure 5: Response patterns (%) in middle adolescents and adults and for the five ambiguity 

levels. (ns = p >.05; * = p <.5; ** = p <.01; *** = p <.001; italic type refers to age-group 

differences) 

 


