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Making better decisions typically requires obtaining information relevant to that decision. Adolescence is
marked by increasing agency in decision-making and an accompanying increase in impulsive decisions, sug-
gesting that one characteristic of adolescent decision-making is a tendency to make less-informed decisions.
Adolescents could also be especially averse to the effort associated with acquiring relevant information to
make decisions. To investigate this possibility, we recruited adolescents (Mage = 15.02 years) in upper-second-
ary schools and young adults (Mage = 20.53 years) attending university in the Netherlands to complete an
effort-based information sampling task, in which participants could sample information until obtaining suffi-
cient evidence to make a decision. Effort costs for sampling were systematically varied. Surprisingly, adoles-
cents sampled more evidence than adults before making decisions when sampling effort costs were low.
Further, adolescents obtained stronger evidence prior to their decisions than adults as effort costs increased,
exhibiting less aversion to effort costs associated with information sampling. Exploratory computational mod-
els supported these findings. Both adolescents and adults used simple heuristics in deciding whether to sample
additional information or make a final decision, and adolescents sought a higher evidence threshold before
deciding compared with adults. These results suggest that adolescents may require more certainty to make
decisions compared with adults and be less averse to effort costs when gathering information to aid decisions.

Keywords: adolescent, information sampling, effort costs, heuristics, effort-based decision-making

Supplemental materials: https://doi.org/10.1037/dev0001397.supp

Adolescence is marked by increased independence for self-
directed decision-making and an accompanying increase in impul-
sive decision-making (Crone & Dahl, 2012; Defoe et al., 2015;
Kann et al., 2018; Romer et al., 2017; Somerville et al., 2010;

Steinberg, 2007). Many experimental studies have attempted to
capture this pattern (for review, see Rosenbaum et al., 2018), focus-
ing on developmental differences in reward sensitivity, peer influ-
ence, risk tolerance, and preferences for immediate or future
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outcomes (Albert et al., 2013; Blankenstein et al., 2016; Braams et
al., 2015; Figner et al., 2009; Lejuez et al., 2003; Mitchell et al.,
2008; van den Bos et al., 2015). In these laboratory tasks, adoles-
cents are typically presented with full information about the conse-
quences of their choices. However, for many decisions associated
with impulsivity, such as drug use and sexual activity, and for
many decisions not stereotypically associated with risk or impulsiv-
ity, such as deciding whether or where to attend college or on a
future occupation, full information is not directly available. Instead,
individuals often need to gather information from peers, observa-
tion, or other sources prior to making decisions. How, and how
much, information is gathered impacts final choices (Rosenbaum et
al., 2018; Wulff et al., 2018). However, evidence on developmental
differences in information gathering is comparatively scarce.
Some evidence suggests that adolescents gather more informa-

tion than adults, reflecting a general pattern of decreased explo-
ration from childhood through adulthood (Gopnik et al., 2017;
Nussenbaum & Hartley, 2019). For example, adolescents explore
more information than adults when potential choices lead to im-
mediate reward (e.g., Jepma et al., 2020; Kwak et al., 2015).
However, this greater exploratory behavior may not generalize
to contexts in which reward after information gathering is
delayed. When selecting between options offering high reward
or high informational value, adolescents were more likely to
favor the high reward option than adults (Somerville et al.,
2017). Adolescents also sampled less information than older
children and adults when drawing from two lotteries before pick-
ing which lottery to play for a reward, making decisions with
comparatively less information (van den Bos & Hertwig, 2017).
The delay in reward incurred by additional information sampling
may discourage adolescents from more sampling (Christakou et
al., 2011; de Water et al., 2014; Galván, 2010; van den Bos et
al., 2015). Adolescents may also be more confident that the
available information is sufficient to make good decisions; even
when selecting less-rewarding options than adults, adolescents
expressed similar levels of confidence in their decisions (Jepma
et al., 2020).
Another underexplored possibility is that adolescents are more

averse to the effort costs required to obtain information. Although
some evidence suggests that adolescents are less sensitive to effort
costs than adults when exerting effort for reward (Rodman et al.,
2021; Sullivan-Toole et al., 2019), effort in these paradigms also led
to immediate reward. Thus, adolescents may be more averse than
adults to effort costs when not directly associated with immediate
reward. Exerting effort to accumulate information for decisions with-
out immediate payoffs may be particularly aversive for adolescents.
We investigated whether adolescents sample less information

than adults prior to decisions and whether adolescents are more sen-
sitive than adults to sampling effort costs. To this end, we developed
an effort-based information sampling task (adapted from Clark et
al., 2006, 2009; originally designed to capture reflection impulsiv-
ity). Sampling effort costs were manipulated by varying the number
of mouse clicks to sample information. In this task, participants see
25 gray squares that can be clicked to reveal one of two colors
underneath. Participants are instructed to select which color is the
underlying majority and can decide which color is the majority at
any point during the trial. Several task features mitigate confounding
factors on effort-based sampling decisions. First, the effort required
to sample information was made explicit, preventing differences in

individuals’ ability to learn about implicit effort costs from influenc-
ing decisions; second, no feedback was provided to avoid strategy
formation and prevent reward and punishment sensitivities from
affecting subsequent decisions; third, sampled information was
always available, reducing working memory demands, which influ-
ence information sampling (Hertwig et al., 2004); and last, certainty
could always be achieved if desired by sampling until a majority is
flipped (e.g., 13 squares of one color).

Given prior evidence of adolescents’ limited information sam-
pling prior to decisions and decreased preference for information
over reward compared with adults, we predicted less information
sampling in adolescents than adults. Consequently, we also pre-
dicted that age-related differences in sampling would become more
pronounced as the effort costs to sample information increased such
that adolescents would decrease sampling more than adults if effort
costs for sampling increased. Additionally, Bayesian models from
prior research and novel heuristic models were fit to better determine
the mechanisms underlying differences in information sampling
behavior (Hauser et al., 2017; Ma, Sanfey, & Ma, 2020).

Method

Transparency and Openness

This study was preregistered and was performed according to
the preregistration except where explicitly indicated otherwise. All
data, materials, and analysis code, including the preregistration, are
publicly available on the project’s repository on the Open Science
Framework (osf.io/yqdfe/; Foster & Deardorff, 2017). All analyses
were conducted in R Studio, Version 1.2.5042 (R Core Team,
2020). Mixed models were run using the lmerTest package (Kuz-
netsova et al., 2017), built upon the lmer4 package (Bates et al.,
2015). The snowfall package was used for conducting computa-
tional models (Knaus et al., 2009). Data were visualized using the
ggplot2 and ggpubr packages (Kassambara & Kassambara, 2020;
Wickham, 2011). All study procedures were approved by the
Ethics Review Board at the University of Amsterdam (protocols:
2019-DP-9963, “Cognitive Effort and Individual Differences,” and
2019-DP-10361, “Age-Related Differences in Information Sam-
pling Effort”).

Participant Sample

Adults (N = 359; Mage = 20.53 years, SDage = 2.34; range =
17.83–47.00; 247 female, two nonbinary, 11 unreported) were
recruited from the local university participant pool and completed
the protocol for partial course credit. Adolescents (N = 95; Mage =
15.02 years, SDage = 0.52; range = 13.59–17.00; 48 female, one
unreported) were recruited from secondary schools in the Nether-
lands. We only included adolescents attending upper-level second-
ary school students because only these students typically continue
to university, increasing the validity of age comparisons with our
university sample by sampling from similar adolescent popula-
tions in terms of cognitive ability and other factors. Participating
adolescents provided informed consent and parental passive or
active consent, depending on school preference. Deviating from
the preregistration, we decided prior to analyses to eliminate par-
ticipants who failed to sample any square on all medium- or high-
effort trials, reasoning that these participants did not experience
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