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Intertemporal decision-making has long been assumed to measure self-con-
trol, with prominent theories treating choices of smaller, sooner rewards as
failed attempts to override immediate temptation. If this view is correct,
people should be more confident in their intertemporal decisions when they
‘successfully’ delay gratification than when they do not. In two pre-registered
experimentswith built-in replication, adult participants (n = 117)mademonet-
ary intertemporal choices and rated their confidence in having made the right
decisions. Contrary to assumptions of the self-control account, confidence
was not higher when participants chose delayed rewards. Rather, participants
were more confident in their decisions when possible rewards were further
apart in time-discounted subjective value, closer to the present, and larger in
magnitude. Demonstrating metacognitive insight, participants were more
confident in decisions that better alignedwith their separate valuation of poss-
ible rewards. Decisions made with less confidence were more prone to
changes-of-mind andmore susceptible to a patience-enhancing manipulation.
Together, our results establish that confidence in intertemporal choice tracks
uncertainty in estimating and comparing the value of possible rewards—just
as it does in decisions unrelated to self-control. Our findings challenge self-
control views and instead cast intertemporal choice as a form of value-based
decision-making about future possibilities.

This article is part of the theme issue ‘Thinking about possibilities:
mechanisms, ontogeny, functions and phylogeny’.
1. Introduction
Life is full of trade-offs between mutually exclusive possibilities, including
those between smaller rewards available sooner, and larger rewards available
after a delay. Choosing to delay gratification for larger, later (LL) rewards has
long been viewed as the result of successful self-control, the ability to regulate
impulses in the service of enduring goals [1]. In laboratory intertemporal
decision-making tasks, choices of LL reward have accordingly been interpreted
as measuring a capacity for self-control, while opting for smaller, sooner (SS)
rewards has been seen as a failure to overcome temptation [2–8]1. This interpret-
ation assumes that delaying gratification for long-term reward is the goal
of participants in these tasks—that choosing LL rewards is generally the
correct or normative decision—and that participants are attempting to control
themselves towards this end [8]. One way to assess whether participants
judge their choices as aligning with their goals is to gauge their degree of
confidence in having made the right decisions. Here, we therefore ask whether
a decision-maker’s confidence in making the ‘right’ intertemporal choice
reflects the extent to which that choice (i) objectively maximizes long-term
reward, or (ii) corresponds to their subjective evaluation of the options on
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offer. How do participants themselves judge whether the
right intertemporal decision really is to delay gratification?

In domains from perception to memory, confidence in
making the right decision tracks objective performance,
albeit imperfectly [9–11]. For instance, in a perceptual task
such as judging whether a cloud of dots is moving mostly
left or right, participants generally report higher confidence
in their decisions when they achieve their goal of correctly
identifying the direction of motion [12]. Participants
are also generally more confident in their decisions when
the evidence more clearly favours one option—for instance
because the motion is more obvious and easier to discrimi-
nate [13]. Prominent frameworks therefore conceptualize
confidence as the subjective belief that one’s decision is
correct, given the available evidence [14–16]. In general,
these frameworks posit that participants should be more con-
fident on average in decisions they view as being ‘correct’. In
the context of intertemporal decision-making, if participants
are attempting to execute self-control in pursuit of delayed
gratification (if delaying gratification is the ‘correct’ decision
they are attempting to achieve), we should expect them to
be more confident in their decisions when they successfully
achieve this aim. This assumption leads to a clear prediction
from the view of intertemporal choice as a measure of self-
control: participants should be more confident that they
have made the right decision on average when they choose
LL rewards.

An alternative view to the self-control account, however,
leads to a different prediction. Instead of measuring a capacity
for self-control per se, intertemporal choice can be conceptual-
ized as a form of value-based decision-making, in which
possible outcomes vary along multiple dimensions including
their relative delays [17–21]. With increasing delays, rewards
tend to become less subjectively valuable, a phenomenon
known as delay discounting. To determine this discounted
value of delayed rewards, a decision-maker may sample evi-
dence from memory in the service of prediction, for instance
by anticipating the pleasure a LL payout might bring [22–27].
Evidence accumulation is prone to noise and uncertainty, how-
ever, meaning that decisions do not always perfectly reflect the
subjective value (SV) of available options. From this perspec-
tive, decision confidence would still track the belief in having
made the correct decision [28], but in this case, the correct
decision is whichever option has the highest SV after taking
into account their delays. A prediction from the view of inter-
temporal choice as value-based decision-making is therefore
also clear: participants should be more confident that they
have made the right decision when they choose whichever
option has a higher time-discounted SV—regardless of
whether that is the SS reward or LL reward on offer.

Important recent work by Soutschek, Tobler, and col-
leagues [29,30] supports the notion that participants reach
greater confidence when their intertemporal decisions more
closely reflect the time-discounted value of available options
(as computed from those decisions). However, there is a pro-
blem that arises from measuring confidence in decisions and
computing the value of the options from those very same
decisions (see argument in [28]). This circularity precludes
knowingwhether confidence reflects uncertainty in translating
between each participant’s own subjective evaluation of var-
ious options and their actual decisions about those options—
as would be predicted by the value-based decision-making
view. To decipher the role of intertemporal decision
confidence, we need an index of subjective, time-discounted
value that is measured separately from the choice task.

Here, we designed a paradigm wherein participants
first reported their confidence while making intertemporal
decisions between monetary rewards available ‘today’ versus
after various delays, before they then estimated the time-
discounted SV of the LL rewards in a separate bidding
procedure [31]. In this ‘Bidding task’, participants completed
fill-in-the-blank questions in the format: ‘I feel that receiving
$25 in 98 days would be about the same as receiving $___ today’.
By eliciting such a separate index of SV, our procedure enabled
us to dissociate decision confidence from the time-discounted
SV of the choice options, and thereby to systematically deter-
mine whether confidence in intertemporal choice follows the
principles expected from either the self-control view or the
value-based decision-making view. The latter would be sup-
ported if participants report higher confidence when their
decisions line up more closely with their separate valuation
of possible options. This would additionally constitute evi-
dence of metacognitive insight, here quantified as the ability to
know when one’s actual decisions map on to one’s subjective
sense of what possible options are worth [28,30].

In addition, we charted the specific question features that
might affect confidence. While the magnitude of a reward
and the delay to its receipt clearly have a synergistic effect
on its SV, it is not clear how these attributes affect decision
confidence. Recent modelling links both attributes directly
to uncertainty in prospective value representations, sugges-
tive of a potential role for confidence [32,33]. Gabaix &
Laibson [33] assume that the values of more distant rewards
are estimated with greater uncertainty because simulations of
the future become noisier with increasing temporal distance.
In turn, Gershman & Bhui [32] suggest that this uncertainty
may be reduced by effortfully simulating the future with
more precision when there is more reward on offer. Accord-
ingly, if confidence tracks uncertainty in intertemporal value
estimation, we should expect participants to be more confi-
dent in their decisions when available rewards are closer to
the present and larger in magnitude.

Furthermore, we tested the hypothesis that low decision
confidence would track choice inconsistency, as it does in
other, non-intertemporal value-based decisions [34]. We
operationalized choice inconsistency both as deviations from
a global computed preference function, and as changes of
mind when we presented the same intertemporal choice
question twice. Lastly, while intertemporal choices are highly
malleable—influenced by contextual variables such as how a
choice is framed [35]—the factors responsible remain poorly
understood. One possibility is that decisions made with
less confidence are more malleable, if indeed lower confidence
indicates greater ambiguity in internal value evidence. We
therefore tested a hypothesis that low decision confidence
would predict subsequent susceptibility to the patience-enhan-
cing effects of an explicit zero framing manipulation, in which
the opportunity costs of selecting an immediate reward are
made salient [36,37].

To presage the results, our investigation strongly suggests
that confidence in intertemporal choice does not bear reliably
on attempts to delay gratification, but instead follows the
same principles as it does in other value-based decisions:
tracking uncertainty in value estimation and comparison.
The results thereby challenge an interpretation of delay
discounting as a measure of attempted self-control and
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instead cast intertemporal choice as a form of value-based
decision-making in which participants attempt to maximize
time-discounted SV.
 lsocietypublishing.org/journal/rstb

Phil.Trans.R.Soc.B
377:20210338
2. Methods
Participants made a series of choices between SS amounts of
money available ‘today’, and LL amounts of money available
at various delays in a standard ‘Monetary Choice Questionnaire’
(MCQ) [38,39]. LL reward amounts were always USD $25, $30 or
$35. SS rewards ranged from $10 to $34, and delays ranged from
1 to 180 days. Participants encountered each MCQ question
twice. In Experiment 1 (E1), trials from the two sets were inter-
mixed randomly (but the same choice was never immediately
repeated). In Experiment 2 (E2), participants made the second
set of decisions separately, under explicit zero framing. For
example, a standard question would be phrased as ‘Would you
prefer $18 today or $25 in 19 days?’, while in the explicit zero
framing phrased as ‘Would you prefer $18 today and $0 in 19
days, or $0 today and $25 in 19 days?’ Before the task, partici-
pants were told that on each day of data collection one
participant would be selected and one of their choices would
be paid out at the chosen time (and this condition was hon-
oured). After each decision in the MCQ, participants answered
the following question on a 6-point scale from 1 (not at all confi-
dent) to 6 (absolutely certain): ‘How confident are you that
the choice you made was the right one for you?’. We did not
incentivize confidence judgements for accuracy (i.e. participant
reimbursements did not depend in any way on confidence
reports). (For discussion of confidence elicitation and incentiviza-
tion, see [40,41].) Upon finishing the MCQ and confidence
portion of the experiment, participants completed the ‘Bidding
task’ based on Cooper et al. [31], with one bidding question
matched to each of the 51 LL rewards from the MCQ (sliding
scale from $0 to [AMOUNTLL]). We take responses to this Bid-
ding task as an estimate of the value of each LL reward given
its delay. While the Bidding task we used here to elicit SVs
was not incentivized as in some previous value-based decision-
making studies using a Becker–DeGroot–Marschak method
[28,31,34,42], we nonetheless found a strong correlation between
SVs determined this way and SVs determined via the hyperbolic
modelling of MCQ choices (see Results below and electronic sup-
plementary material, figure S1). The electronic supplementary
material file contains more details about the tasks.

(a) Analysis of Monetary Choice Questionnaire and
Bidding data

For each presentation of the MCQ choice set separately before
any trial exclusions, individual participant data were fit with a
logistic regression function using maximum-likelihood esti-
mation. The equation captures the probability of choosing the
LL reward as a function of the difference in SV between the LL
and SS reward.

PLL ¼ 1
1þ e�b(SVLL�SVSS)

,

where PLL is the probability of choosing the LL option, SVLL is
the SV of the LL option, SVSS is the SV of the SS option (assumed
to be exactly the same as the objective SS amount, available
‘today’) and β is a scaling factor that reflects the extent to
which choices depend on the difference in SV between LL
and SS options. The SV of the LL option was computed with a
hyperbolic discounting function [43]:

SVLL ¼ A
1þ k D

,

where SVLL is the SV of the LL option, A is the objective amount
of the LL option, D is the delay to the LL option and k is a
participant-specific free scaling parameter that reflects the effect
of delay on SVLL [44]. A higher k value indicates that, for a
given participant, rewards lose their SV more quickly with
increasing delays to their receipt. In previous work, this hyper-
bolic discounting function well characterizes delay discounting
choice data [38,45], as it did here (see electronic supplementary
material, analysis 1). To derive the subjective value difference
between the options in a given choice (SVD), separately for
MCQ SVs (MCQ SV) and Bidding task SVs (Bidding SV), we
subtracted question-specific SVSS (which we assume to be identi-
cal to the objective SS amount) from SVLL, to compute a signed
difference in SV between each option pair. Note that for both
MCQ presentations, SVD is therefore the signed difference in
SV between the two on-screen presented options. For the Bid-
ding task presentation, SVD is the difference in value between
self-reported SVLL and the (not presented) SS reward that was
paired with that LL reward in the MCQ presentations. This is
because no SS option was presented during the Bidding task.

(b) Participants
The experimental protocol was approved by the Harvard Univer-
sity Institutional Review Board (protocol #IRB20-0277). We
aimed to collect 80 participants before exclusions in each exper-
iment (pre-registered). A total of 81 participants completed E1
and 79 participants completed E2, after providing informed con-
sent. Participants were Amazon mTurk users with a HIT
approval rate greater than 90% located in the USA and each
received US$5 for completing the study, which took approxi-
mately 20 min. Experiments were administered using Qualtrics
(Provo, UT). In E1, four participants were excluded for failing
more than one attention check or missing an attention check
question, four were excluded due to a self-reported history of
clinically diagnosed mental illness or neurological impairment,
and two were excluded for providing no demographic data.
Eight further participants were excluded for using only a single
point on the confidence scale (all of whom used only the ceiling
value of ‘absolutely certain’); this was a pre-registered criterion
to bolster sensitivity in that key scale. After exclusions, our full
E1 sample included 63 participants (27 female, 36 male, aged
18–69, mean = 37.68, s.d. = 11.6). In E2, seven participants were
excluded for failing more than one attention check, four were
excluded due to a history of clinically diagnosed mental illness
or neurological impairment, and seven were again excluded for
using only a single point on the confidence scale (the ceiling
value of ‘absolutely certain’). A further seven participants were
excluded for having previously participated in one of our related
mTurk studies (including E1). After exclusions, our full E2
sample included 54 participants (23 female, 31 male, aged 24–
60, mean = 34.94, s.d. = 8.92). A small number of trials were
removed from analyses in the following order: no choice data
(E1: 75 trials, E2: 49), no confidence data (E1: 51 further trials,
E2: 29), MCQ question time-out (E1: 19 further trials, E2: 19).

(c) Data analysis and models
Data organization and plotting were performed in R-studio
(v.3.6.2) [46] with the ‘Tidyverse’ package (v.1.3.0) [47]. Mixed
effects models were computed using the ‘lme4’ package (v.1.1–
23) [48] using a restricted maximum-likelihood approach. The
package ‘lmerTest’ (v.3.1–2) [49] was used for estimating fixed
effects p-values with Satterthwaite approximations. All pre-
dictors were z-scored across both MCQ presentations unless
otherwise stated. The maximal starting mixed effects model
structures allowed for random intercepts at the participant
level and random slopes by participant for all predictors.
For further details on model specification, see section ‘Model
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specifications’ in the electronic supplementary material. For
models that had trouble converging as detailed in the electronic
supplementary material, we also ran Bayesian mixed effects
regression versions, the results of which were consistent with
those reported in the main text unless otherwise noted
(see electronic supplementary material).
blishing.org/journal/rstb
Phil.Trans.R.Soc.B

377:20210338
3. Results
(a) Confidence tracks absolute difference in subjective

value and varies with response time
Before examining the role of confidence in intertemporal choice,
we first established the SV of a given LL reward (SVLL) using
two different approaches. First, we used the pattern of MCQ
choices separately in each MCQ presentation set to compute a
participant-specific hyperbolic discounting function, and then
used that function to compute the MCQ SVLL for each reward
given its delay. Second, we defined SVLL from self-reported
values in the Bidding task.We treat the response to the Bidding
questions as the self-reported time-discounted Bidding SVLL for
each LL reward. A mixed effects linear regression predicting
MCQ SVLL in the first choice presentation from Bidding SVLL

shows the significant relationship between these distinct
estimates of SV, β = 0.72, t = 12.90, p < 0.0001, replicated in E2:
β = 0.59, t = 9.22, p < 0.0001. This finding suggests that SVs
computed with a hyperbolic model track closely with the
separately self-reported SV of those LL rewards (see electronic
supplementary material, figure S1).

In line with the value-based decision-making account, we
hypothesized that participants would hold lower confidence
in intertemporal decisions when options were more similar
in SV, as defined by separate Bidding task self-reports. We
also hypothesized that decisions closer to this indifference
point would take longer because they require additional delib-
eration [8,50–52], and that this effect would manifest as a
negative relationship between response time and confidence
[8,22,45]. In a mixed effects linear regression combining trials
from the two MCQ presentations, the absolute difference in
Bidding SV (Bidding-|SVD|) between the available choice
options positively predicted MCQ decision confidence,
in line with our pre-registered hypothesis, β = 0.13, t = 5.31,
p < 0.0001 (E2 replication: β = 0.16, t = 3.83, p < 0.001).
In the same model, MCQ decision response time negatively
predicted confidence, again in line with our pre-registered
hypothesis β =−0.23, t =−7.63, p < 0.0001 (E2 replication:
β =−0.16, t =−5.30, p < 0.0001). Note that Bidding-|SVD|
was itself negatively correlated with MCQ decision response
time as expected (across all trials, Pearson’s r =−0.17,
p < 0.0001, 95% CI [−0.19, −0.14]; E2 replication: Pearson’s
r =−0.15, p < 0.0001, 95% CI [−0.17, −0.12]). Together these
results show that decisions made with less confidence
were closer to separately self-reported SV indifference and
took longer.
(b) Confidence is higher in decisions about rewards that
are closer to the present or larger in magnitude

We hypothesized that participants would be more confident
in their decisions when the LL option was closer to the pre-
sent, given that simulating the future is a noisy process and
may become progressively more noisy as the simulation
time horizon increases, thereby increasing internal uncer-
tainty around estimates of prospective value ([32,33], see
also [53]). We found and replicated support for this pre-
registered hypothesis: when LL rewards were closer to the
present, decisions regarding those rewards were made with
more confidence, β =−0.08, t =−2.9, p = 0.0052 (E2 replica-
tion: β =−0.06, t =−2.72, p = 0.0089). Furthermore, we found
evidence to support another pre-registered hypothesis that
when there was more money on offer participants would
reach greater confidence, perhaps because they were invest-
ing more effort into making the right decision when more
was at stake, β = 0.04, t = 2.62, p = 0.011 (E2 replication:
β = 0.08, t = 3.78, p < 0.001).

Note that because the variables covered in this section and
the previous sectionwere all included in the samemixed effects
linear regression predicting confidence, all stated relationships
hold when controlling for the other predictors (figure 1).While
these pre-registered analyses treated confidence as a metric
variable reflecting a continuous underlying judgement, we
also ran sensitivity analyses using Bayesian mixed effects ordi-
nal regression [54], and found the same pattern of effects (see
electronic supplementary material).

(c) Participants are not more confident when deciding
to delay gratification

In a mixed effects logistic regression predicting choices from
confidence alongside the signed difference between partici-
pants’ self-reported Bidding SVLL and the amount of money
offered ‘today’ (Bidding-SVD), we found that participants
were not more confident in decisions to delay gratifica-
tion, β =−0.09, z =−0.8, p = 0.423 (E2 replication: β =−0.15,
z =−2.18, p = 0.0291, combined presentations, see figure 2a).
If anything, there was a slight tendency towards greater confi-
dence when choosing SS rewards, as seen in E2, though we
place low credence in this effect given it is significant only in
one of the experiments under particular modelling assump-
tions (see electronic supplementary material). These results
indicate that participants do not necessarily view the right
decision in the intertemporal choice task as delaying gratifica-
tion, casting doubt on the idea that choosing LL rewards is the
goal that people are using self-control to achieve.

(d) Decisions are made with more confidence when
participants more reliably choose options with
larger time-discounted subjective values

In line with our pre-registered hypotheses and prior work
in other value-based decision-making domains [28,34], we
found in the same mixed effects logistic regression as
above that ‘Bidding-SVD’ reliably predicted MCQ choices,
β = 5.27, z = 9.33, p < 0.0001 (E2 replication: β = 3.95, z = 7.59,
p < 0.0001). The significant slope of this logistic fit demon-
strates that, on average, participants’ actual MCQ choices
reflect their self-reported time-discounted SVs in the separate
Bidding task. We also found that Bidding-SVD was a stron-
ger predictor of MCQ choices when confidence was higher,
β = 1.76, z = 8.35, p < 0.0001 (E2 replication: β = 0.84, z = 4.02,
p < 0.0001). Splitting trials into higher and lower confidence
for each participant for visualization shows that when partici-
pants were highly confident that they had made the right
choice (greater than or equal to median confidence), they
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did in fact more reliably choose whichever option had the
higher time-discounted SV (steeper slope relating Bidding-
SVD to choices when confidence was higher; see figure 1c).
This significant Bidding-SVD by confidence interaction term
can also be interpreted as evidence of metacognitive
insight because it shows that choices track separately esti-
mated SVs more closely when confidence is higher. This
approach complements that of Soutschek, Tobler, and
colleagues, who recently demonstrated a similar pattern
using computed, rather than self-reported, SVs [29,30].

In a non-pre-registered exploratory analysis, we ran
a separate model where we also entered response time and
its interaction with Bidding-SVD into a mixed effects
model predicting MCQ choices alongside Bidding-SVD, confi-
dence and their interaction. Even though confidence again
interacted with Bidding-SVD to predict choice, β = 1.46, z =
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Figure 2. Confidence tracks choice inconsistency. (a) Confidence does not itself predict whether participants choose to delay gratification. (b) In line with a value-
based account, confidence predicts choices that deviate from idiosyncratic hyperbolic discounting. (c) Deviations are defined as choices of a reward with lower
computed time-discounted SV. (d ) Lower initial confidence predicts a higher likelihood of changing one’s mind. (e) In E2, the second MCQ presentation used
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7.18, p < 0.0001 (E2 replication: β = 0.48, z = 5.8, p < 0.0001), there
was no interaction between response time and Bidding-SVD,
β =−0.02, z=−0.2, p = 0.845 (E2 replication: β =−0.13,
z =−1.84, p = 0.0659). This finding suggests that explicit, self-
reported confidence plays a metacognitive role, over and
above the role of response timeas an indexofuncertainty [13,34].

(e) Low confidence predicts deviations from
idiosyncratic hyperbolic discounting

In a series of pre-registered but exploratory analyses, we classi-
fied all MCQ choices in terms of whether they deviated from
the idiosyncratic hyperbolic discounting function for that
choice set, as a proxy for trial-by-trial choice consistency.
Specifically, we identified all choices where the participant
chose the reward option for which the hyperbolic model
computed a lower SV (as per [55]). This represents a deviation
away from one’s expected choice from the perspective of
value-based decision-making, which would be the option
with the higher SV after accounting for reward amounts and
delays (figure 2c). Over both MCQ presentations, 7.24% of
choices in E1 and 10.63% of choices in E2 were classified
as deviations. If confidence follows the same value-based
decision-making principles in intertemporal choice as it does
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elsewhere [34], participants should be less confidentwhen they
choose an option that deviates from their overall computed
preference function.

In a mixed effects logistic regression on the combined
MCQ presentations data, we found evidence that decisions
deviating from hyperbolic discounting were indeed made
with less confidence, β =−0.88, z =−7.38, p < 0.0001 (E2 repli-
cation: β =−0.64, z =−9.66, p < 0.0001; see figure 2b). This was
the case controlling for Bidding-|SVD|, which also nega-
tively predicted deviations, β =−0.88, z =−5.16, p < 0.0001
(E2 replication: β =−0.72, z =−5.31, p < 0.0001). This finding
suggests that consistency with a hyperbolic discounting pre-
ference function captures aspects of decision confidence not
accounted for simply by the separately estimated SV of
choice options. Both of the above effects were significant
with response time included in the model—where we
found that deviation decisions were made more slowly,
β = 0.28, z = 3.68, p < 0.001 (E2 replication: β = 0.27, z = 3.72,
p < 0.001) [34,51].

( f ) Low confidence predicts changes of mind in
intertemporal choices

There were no differences in k values between the two
MCQ presentations in E1; presentation 1 mean = 0.0547
(s.d. = 0.0850), presentation 2 mean = 0.0582 (s.d. = 0.0898),
t62 = 0.585, p = 0.5605, 95% CI [−0.08, 0.15]; log-transformed.
This finding is at odds with a pre-registered hypothesis
drawn from a self-control view that simply providing partici-
pants with the opportunity to revisit decisions would reduce
delay discounting by inviting additional opportunities to
override temptation, if this was indeed their goal. Instead,
in a mixed effects logistic regression, we found support for
another pre-registered hypothesis drawn from the value-
based account that lower confidence in a decision on its
first presentation would predict changes of mind when that
question was presented again [34], β =−0.76, z =−7.33,
p < 0.0001 (see figure 2d). This relationship held after control-
ling for Bidding-|SVD| and response time from the first
presentation of the choice. Participants were also more
likely to change their mind when options were closer
together in separately estimated SV, Bidding-|SVD|: β =−
0.58, z =−5.3, p < 0.0001, and when they made their first
decision more slowly, β = 0.29, z = 4.02, p < 0.0001 (see [56]).
This analysis was performed on the data from E1 only,
wherein the two presentations of the MCQ questions were
identical. In E2, we designed the experiment to instead deter-
mine whether confidence would also predict changes of mind
in the context of a framing manipulation.

(g) Low confidence predicts susceptibility to explicit
zero framing

In E2, there was a significant difference in k values between
the two presentations of the MCQ, which reflects the success-
ful influence of explicit zero framing (figure 2e,f ). Delay
discounting was significantly lower in the MCQ presenta-
tion with explicit zero framing than the MCQ presentation
with the standard phrasing, presentation 1 mean = 0.0839
(s.d. = 0.1033); explicit zero presentation 2 mean = 0.0621
(s.d. = 0.0951), t53 = 2.55, p = 0.0136, 95% CI [0.13, 1.08], log-
transformed. Almost twice as many total changes of mind
were observed in favour of the LL reward (276 total changes)
than in favour of the SS reward (149 total changes). This
result stands in contrast with E1 where changes of mind
were approximately equally common in both directions
between the identically phrased MCQ presentations (see
figure 2g). The framing-induced shift towards LL rewards
in E2 is therefore not a result of simply giving participants
the opportunity to change their mind.

In support of our pre-registered hypothesis, we found evi-
dence that lower confidence in an initial MCQ choice
predicted a greater susceptibility of that choice to the explicit
zero framing effect, β =−0.42, z =−4.63, p < 0.0001 (figure 2h).
Once again, Bidding-|SVD| and response time were
included in the same model as covariates, and this revealed
that while Bidding-|SVD| was a significant negative predic-
tor of susceptibility to the framing effect, β =−0.36, z =−2.66,
p = 0.0078, response time was not, β = 0.07, z = 0.81, p = 0.4178.
This finding indicates that self-reported confidence in a
decision may have a unique role in predicting how sensitive
that decision is to contextual factors, over-and-above proxies
for uncertainty like response time [13].
4. Discussion
When faced with an intertemporal decision, opting to delay
gratification for LL rewards has been interpreted as a sign
of self-control [2–8]. Here, we elicited confidence judgements
during intertemporal choice to adjudicate on this interpret-
ation, assuming that if participants were trying to control
themselves in an effort to delay gratification, they should be
more confident that they had made the ‘right’ decision on
average when they achieved that aim. Contrary to this
assumption, we found that participants were not more confi-
dent that they had made the right choice when they chose to
delay gratification. Instead, participants were consistently
more confident when possible rewards were (i) farther
apart in separately estimated time-discounted SV, (ii) less
delayed into the future and (iii) larger in total magnitude.
Confidence also tracked how closely decisions aligned with
the separately estimated SV of rewards, constituting evidence
for metacognitive insight. Lower confidence predicted greater
choice inconsistency quantified by deviations from hyper-
bolic discounting, changes of mind, and susceptibility to a
patience-enhancing manipulation. Collectively, these results
suggest that participants faced with intertemporal trade-offs
are not necessarily attempting to delay gratification, but to
maximize time-discounted SV—regardless of whether that
means choosing LL, or SS rewards.

Our finding that intertemporal decisions are made with
greater confidence when options are farther apart in SV
accords with a large body of research in perception [13],
memory [57] and other value-based decisions [28], where
confidence scales with the strength of available evidence.
We also find that intertemporal choices closer to subjective
indifference, as well as those made with less confidence,
take longer. This finding resonates with accounts of response
time as reflecting the sequential sampling of evidence
towards a decision threshold or bound [8,28,51]. In value-
based decisions, choices closer to indifference might be
made with less confidence and take longer because people
must sample additional internal evidence to reach a verdict
[22,58]. This deliberation process may be particularly reliant
on prospective (episodic) simulation in intertemporal
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decision-making, which involves anticipating the value of
rewards delayed in time (for reviews see [23,24,59,60]).

The prospective simulation of decision outcomesmay itself
be an imperfect, noisy process, and increasingly noisy the
further delayed outcomes are into the future. This conjecture
has acted as an important assumption in recent modelling
work where delay discounting is argued to result from internal
uncertainty in future value representations [32,33]. We find
empirical support for these ideas, in that participants
were less confident in decisions with a more delayed LL
option, after accounting for the SV difference between options.
It has also been suggested recently that a higher order meta-
cognitive process may allocate more mental effort towards
decisions that involve more available reward [32,61]. We also
find evidence in line with this explanation. Here, participants
reached greater confidence in their decisions when there
was more total reward available, suggesting the allocation of
additional deliberative resources towards determining the
right intertemporal decision when making the right choice is
deemed more important.

Although we found associations between confidence and
reward magnitudes and delays, we found no relationship
between higher confidence and the decision to delay gratifica-
tion. This null result suggests that participants on average do
not view choosing LL rewards in intertemporal choice tasks
as their overarching goal, calling into question the validity of
treating choices of LL rewards as indicative of a capacity for
self-control. If participants are not trying to control themselves
in pursuit of delaying gratification, in what sense should the
choice of SS rewards be called a failure of self-control [62,63]?
Instead, our data suggest that participants facedwith intertem-
poral choices are attempting to maximize time-discounted SV,
and their confidence in having made the right decision reflects
this goal: participants were more confident they had made the
right choicewhen they tended to choosewhichever option had
the higher time-discounted SV, regardless of whether that was
the SS, or LL reward.

The argument that the self-control view would predict
participants to be more confident on average when they
‘successfully’ delay gratification is a general claim that
may obscure a more complicated picture. For instance, an
additional prediction from the self-control view might be
that, because participants have multiple competing goals
(e.g. a goal to delay gratification and a goal for immediate grat-
ification), their confidence may be affected by foregone options
during decision-making. If a person with an overarching goal
to delay gratification ‘successfully’ achieves this goal, their
confidence that they have made the correct decision may
nonetheless be dampened by their competing desire for the
immediate gratification that they have just foregone. They
might regret their choice to delay gratification and thus have
lower confidence that their choice of a LL reward was ulti-
mately the right one. We have assumed here that even with
countervailing factors such as regret about a foregone option,
the self-control view would still predict participants to be
more confident on average when they successfully achieve
their overarching goal andmake a decision that meets their cri-
terion of correctness—in line with models of confidence as the
subjective probability, all told, that a choice was correct. If the
participant’s overarching goal is to delay gratification, as self-
control theories must assume in order to treat choices of LL
reward as synonymous with successful self-control, then this
should have been expressed as greater confidence on average
after choices to delay gratification. Nonetheless, because the
self-control viewmightmake other predictions about how con-
fidence should change in intertemporal choice due to different
factors (including but not limited to regret about foregone
options), the present conclusions should be considered tenta-
tive pending further research that explores such factors.
Further studies could, for instance, deploy different measures
beyond confidence judgements, such as explicit self-reports
of regret or judgements of whether a particular intertemporal
choice represents a self-control challenge (see [62]).

It is also important to note that our interpretation of
our findings should not be taken as denying any role for
self-control in intertemporal decision-making whatsoever.
There may well be self-control-related processes selectively
involved in intertemporal choice, for instance when choosing
LL rewards despite SS rewards having a higher time-dis-
counted SV, as argued in Figner et al. [64] or Turner et al.
[8]. Or self-control may be critical in more emotionally salient
tasks with less abstract rewards, perhaps particularly those
tasks that involve actively maintaining a decision against a
temptation—in which case we might again predict confidence
to be higher when participants ‘successfully’ delay gratifica-
tion. Similarly, self-control may be specifically associated
with avoiding dynamically inconsistent preference reversals,
where an initial preference for a delayed reward flips to a
preference for a SS reward as both options become closer in
time. Soutschek, Tobler and colleagues have recently linked
metacognitive insight in intertemporal decision-making to
the willingness to adopt precommitment strategies for mana-
ging anticipated preference reversals [29,30]. This key finding
supports a long-standing theoretical claim that people use
their awareness of their own preferences to lock in highly
valued alternatives because they know they may succumb to
a self-control challenge as their preferences change in the
future. Our study was not designed to investigate such self-
control-related preference reversals associated with both
options becoming closer in time. Our current results
do suggest, however, that simply interpreting choices of LL
reward as a capacity for self-control is problematic, whether
that is operationalized as choices of LL reward [2], a delay dis-
counting factor such as ‘k’ [3], or some other metric such as the
calculated area under a discounting curve [7].

We are not the first to challenge the idea that choosing LL
rewards in an intertemporal choice context indicates successful
self-control. For instance, McGuire & Kable [65] demonstrate
that external uncertainty about the time to deliveryof a delayed
reward can lead people to cease waiting for a future payoff,
absent any self-control failure. Vosgerau et al. [62] demonstrate
that to qualify as a self-control failure, decisions for immediate
reward should be associated with a sense of anticipated regret,
because self-control depends fundamentally on a person’s sub-
jective (and idiosyncratic) short- and long-term goals rather
than normative assumptions about what they are trying to
achieve. Other perspectives on why choices of SS reward are
not synonymous with self-control failure have focused on the
intrinsic risk of delayed payoffs (e.g. [66]), the untrustworthi-
ness of people promising later rewards (e.g. [67]) and a range
of other factors that can lead decision-makers not to delay grat-
ification but that have little or nothing to do with self-control
failure (reviewed in [68]). The present results complement
these previous perspectives and add yet another reason
to doubt that choices of LL rewards are interpretable as
self-control successes.
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To further test assumptions from the value-based decision-
making view, we sought to determinewhether confidence jud-
gements in intertemporal choice would adhere to the same
principles as they do in other value-based decision-making
domains [17]. Accordingly, we found that confidence predicted
inconsistent decisions quantified in multiple ways. We found
that participants were less confident in decisions that deviated
from an idiosyncratic hyperbolic preference function, even
after controlling for the separately estimated SV of options.
This result suggests participants are aware of when a decision
falls out of step with their overarching pattern of choices (see
electronic supplementary material for further discussion). We
also found that when participants reported less confidence in
a decision they were more likely to change their answer
when confronted with the same question again, as has been
reported in non-intertemporal value-based choice [34].
Simply providing participants with the opportunity to revisit
a choice did not lead to a reduction in delay discounting, how-
ever, asmight have been expected if participants were trying to
delay gratification and used the opportunity to change their
mind in favour of this overarching goal. Changes of mind in
our task could be taken as signifying regret in a previously
made decision. If so, together this evidence suggests that par-
ticipants are not more likely to regret choosing either a LL
reward or a SS reward. Instead, they appear to regret most
those choices that were made when the SV difference between
the options was small and in which they were less confident. It
remains unclear, however, whether decisions made with lower
confidence are simply more labile, or whether low decision
confidence acts as a learning signal for informing future
decisions. This latter possibility is supported by studies show-
ing that participants use representations of their uncertainty
in other domains to learn selectively from new information
[69] or to determine when to shift goals [70]. Further explora-
tions of pre-decisional confidence or anticipated regret
could clarify the role of self-control [62] and shed light on
how participants use internal uncertainty to strategically
guide their intertemporal decisions.

In experiment 2, confidence also predicted changes of
mind in the context of a patience-enhancing framing manipu-
lation. Decisions made with lower confidence were more
susceptible to explicit zero framing, again over and above
the difference in SV between the options. One possible mech-
anism by which the explicit zero framing effect works is by
changing the SV of options, rather than by bolstering a
capacity for self-control per se [37]. Our findings are in line
with this possibility and suggest that the framing effect selec-
tively nudges the value of options for which internal value
evidence is most uncertain or ambiguous, as reflected in
low decision confidence. This finding carries potential utility
in applied settings where it may be possible to personalize
efforts to reduce delay discounting by using decision confi-
dence to identify the intertemporal choices most likely to
benefit from intervention—circumventing the need for any
model-fitting or separate estimates of SV. Future research
investigating the generalizability of this finding could test
whether the effect of confidence on intervention susceptibility
is specific to approaches that target SV or extends to those
attempting to target self-control (e.g. [71]).

Overall, our findings demonstrate that rather than bearing
on attempts to deploy self-control, confidence judgements in
intertemporal choice reflect uncertainty in the noisy value
estimation and comparison process by which possible out-
comes are translated into actual decisions. These results
challenge traditional self-control views and instead cast inter-
temporal choice as a form of value-based decision-making
about future possibilities.
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