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Despite various studies examining intertemporal choice with hypothetical

rewards due to problematic real reward delivery, there remains no substantial

evidence on the e�ect of the incentives on the decision confidence and

cognitive process in intertemporal choice and no comprehensive exploration

on the loss domain. Hence, this study conducts an eye-tracking experiment

to examine the e�ect of incentive approach and measure participants’

decision confidence using a between-subject design in both gain and loss

domains. Results replicated previous findings which show incentives do not

a�ect intertemporal choice in the gain domain. In contrast, in the loss

domain, participants in the incentivized group were more likely to choose the

larger-later options than those in the non-incentivized group. Furthermore,

the decision confidence and the mean fixation duration di�ered between

the incentivized and non-incentivized groups in both gain and loss domains.

These findings allow for a better understanding of the e�ect of incentives

on intertemporal choice and provide valuable information for the design of

incentives in future intertemporal experiments.
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1. Introduction

The concept of intertemporal choice, which involves balancing rewards and costs

that arise at various times, is ubiquitous and widespread (Loewenstein and Prelec,

1992; Frederick et al., 2002). Examples of intertemporal choice include buying (e.g.,

investing in a new laptop now or hold off till the price has considerably dropped

for a few months), health (e.g., overeat now for temporary satisfaction or stick to

a healthy diet for a good body), and saving (e.g., spend the salary immediately or

save for retirement) habits and behaviors (Fisher, 2021). The most popular approach

to investigating intertemporal decisions has been eliciting choices between smaller-

sooner (SS) and larger-later (LL) monetary amount (e.g., Kirby, 1997; Weber et al.,

2007; Hardisty and Weber, 2009; Scholten and Read, 2010; Cubitt et al., 2017; Calluso

et al., 2019). Intertemporal choice can be characterized by the classical economic theory

of exponential discounting (Samuelson, 1937) and the hyperbolic discounting model

(Ainslie, 1975; Frederick et al., 2002) where an individual’s patience is described by

a single hyperbolic discount rate (k-value) which links to intertemporal decisions.
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Compared to a higher k-value, which suggests steeper delay

discounting and more impatient choices, a lower k-value shows

slower discounting of future outcomes and is thus more likely to

make patient decisions.

Although incentives are generally considered to be essential

in economic experiments, substantial research examined

intertemporal choice with hypothetical rewards (e.g., Estle et al.,

2007; Rao and Li, 2011; Read et al., 2013; Dai and Busemeyer,

2014; Liu et al., 2021a). This may be due to the cost of using

real rewards being prohibitive and the temporal delays for

giving monetary rewards can be lengthy, making real reward

delivery problematic (Johnson and Bickel, 2002; Bickel et al.,

2009). Several studies have examined the difference between

hypothetical and real rewards in intertemporal choice and

showed that incentives have no significant effect on participants’

temporal discounting (Johnson and Bickel, 2002; Madden

et al., 2004). For instance, using the within-subject design,

no systematic difference was found in observed discounting

rates between hypothetical and real rewards (Johnson and

Bickel, 2002; Madden et al., 2003). This was replicated in

a between-subject design experiment (Madden et al., 2004)

where subsequent research also found that the incentives have

no significant effect on steady-state intertemporal outcomes

(Lagorio and Madden, 2005). The evidence seemed to excuse

the researchers who did not include incentives in their

intertemporal experiments because of the cost—where the

sentence, “we used hypothetical rewards because previous

studies have shown that there was no difference between real

and hypothetical intertemporal outcomes” was usually present.

However, several aspects of the effect of the incentive

approach on intertemporal choice remain unclear. First,

previous research has focused on the difference between

hypothetical and real intertemporal rewards, but did not

examine loss outcomes. Intertemporal choice has been shown

to be asymmetric between gain and loss frames (Thaler, 1981)

and the subjective valuation of a delayed loss has been reduced

less sharply than the subjective assessment of a delayed gain

(Frederick et al., 2002; Jiang and Liu, 2021). Time preferences for

negative experiences were also independent of time preferences

for rewards (Harris, 2012). It is suspected that there might be

asymmetric effect of incentives on intertemporal choice in gain

and loss domains. Therefore, further examining the effect of

incentives on intertemporal losses is necessary.

Second, the effect of incentives on decision confidence

remains unexplored. A participant’s confidence in the

qualities of a judgment is referred to as “decision confidence”

(Peterson and Pitz, 1988) which is an aspect of metacognition

(Fleming et al., 2012). This confidence can be measured

using retrospective judgments where participants self-report the

uncertainty in their decisions, in the form of subjective accuracy,

for various decision tasks (Fleming and Lau, 2014). Compared

with the dichotomous output of choice, the quantitative

estimation of confidence tends to be more sensitive to incentives

(Sandberg et al., 2010; Wierzchon et al., 2012). For instance,

Lak et al. (2014) showed that orbitofrontal cortex inactivation

decreases decision confidence without affecting decision

accuracy. Thus, the incentives may not affect intertemporal

choice but may influence decision confidence.

Third, the effect of incentives on the information process

underlying intertemporal choice also lacks substantial evidence.

Recently, the focus of decision-making research has shifted from

being purely behaviorist on choice outcomes to process-tracing

approaches on decision processes (Glaholt and Reingold, 2011).

Among these process-tracing methodologies, eye-tracking

technique is effective in recording the cognitive processes

involved in making decisions (Ashby et al., 2016). Researchers

have explored the cognitive process underlying intertemporal

choice using this technique (Franco-Watkins et al., 2016; Reeck

et al., 2017; Amasino et al., 2019; Marini et al., 2020; Fisher, 2021;

Liu et al., 2021a). However, some of these studies did not use

incentives (e.g., Franco-Watkins et al., 2016; Liu et al., 2021a).

Thus, examining the effect of incentives on the cognitive process

during intertemporal choice seems necessary.

Given the abovementioned questions, the present study

further examined the effect of incentives on intertemporal

choice. We examined the impact of the real and hypothetical

intertemporal outcomes using a between-subject design in both

gain and loss domains, along with measuring participants’

confidence in their decisions. Using eye-tracking technology,

the effect of incentives on eye-tracking measures reflecting the

cognitive process during intertemporal choice was examined.

This study is exploratory in nature and has no strong

hypotheses on the effect of the incentive approach on

intertemporal choice. We computed the following behavioral

indicators in the experiment considering the following: (1)

Proportion of choosing LL options as a larger proportion of

choosing LL options indicates lower temporal discounting and

a higher level of patience; (2) Response time given its capacity

to be utilized to differentiate between intuitive and deliberate

decisions (Rubinstein, 2007). Processes that are intuitive can

be carried out quicker than those that are deliberate (Krajbich

et al., 2015); and (3) Decision confidence where after each

intertemporal choice, participants were prompted to express

how confident they were in their choice.

The following eye-tracking measures were also computed:

Total dwell time (TDT), Mean fixation duration (MFD),

Outcome-gaze-proportion (OGP), and the searchmeasure index

(SMI). With the first measure, the total dwell time of all the

regions of interest (ROIs) is a crucial measure in the field of

eye movement research (Stewart et al., 2015). Total dwell time

is correlated to fixation count which is the number of fixations

in a trial. The higher the value of TDT, the more time the

participants spent looking at a region of interest, and the more

attention was paid to this region. Research on eye movements

during reading, for instance, indicates that TDT rises as text

complexity does (Rayner et al., 2006). For the second measure,
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the average amount of time spent on a single fixation during a

decision, or mean fixation duration, can indicate the intensity

of cognitive effort (Velichkovsky, 1999; Horstmann et al., 2009;

Amblee et al., 2017). MFD is a measure of the amount of time

that participants spend thinking about the information they are

fixating on, and the difficulty of information extraction or the

level of interest in the visual stimuli may be indicated by a

longer mean fixation duration (Wang et al., 2014). As a result,

a longer mean fixation length indicates higher cognitive effort

level. For OGP, its value measures the percentage of time spent

to focus on an intertemporal option’s outcome attribute and

reflects the decision weight on the outcome attribute (Franco-

Watkins et al., 2016; Amasino et al., 2019; Zhou et al., 2021).

Last, the SMI value is an index that measures how much of a

search is alternative-wise or attribute-wise. It depends on the

difference between the observed alternative-wise and attribute-

wise saccades (Böckenholt and Hynan, 1994). This index is

frequently used in research on eye movements in decision-

making to assess the general search direction of information

acquisition (Su et al., 2013; Liu et al., 2021b; Zhou et al., 2022).

2. Methods

2.1. Participants

G*Power software (version 3.1.9.2) (Faul et al., 2007)

calculated that a sample size of 128 participants would provide

80% power to detect a medium effect (Cohen’s d = 0.5) using

the t-test (two-tailed). A total of 150 college students (53%

female, Mage = 20.9 ± 2.4) were recruited from a university’s

human subjects pool as participants. The participants were

randomly assigned to either the incentivized (N = 75) or the

non-incentivized group (N = 75). For their involvement, each

participant got 25 RMB (roughly 3.8 USD), and those in the

incentivized group received or paid two additional delayed or

immediately amount determined by their performance in the

experiment. All of the participants gave their prior written

informed consent and had normal or corrected-to-normal

eyesight. The study was approved by the institutional review

board of the university.

2.2. Apparatus

A 17-inch LCD panel with a display resolution of 1,024 ×
768 pixels and refresh rate of 60 Hz was used to display the

stimuli. During the trial, participants reacted by pressing the

keyboard. The participant’s eyes were 60 cm away from the

screen, subtending a visual angle of 35◦ horizontally and 28◦

vertically at this distance. EyeLink 1000 plus (SR Research Ltd.,

Ontario, Canada) eye trackers with 1,000 Hz sample rates were

used tomonitor the participants’ eyemovements. A chin rest was

also employed to minimize head movements. Since both eyes

are fixed on the same area, only one eye needed to be recorded.

The software Experiment Builder (version 2.1.512) was used to

gather experimental data.

2.3. Stimuli

Four delay values (now, 5, 10, and 20 days) and four outcome

values (1, 5, 10, and 20 RMB) were combined to generate

36 pairs of intertemporal options with gains (see Table S1 in

Supplementary materials: https://osf.io/prcbm/). Each pair of

options contained one of the SS and LL options and no option

was dominated by the other. A total of 36 pairs of options

with losses were similarly generated. That is, four delay values

(now, 5, 10, and 20 days) and four outcome values (–1, –5,

–10, and –20 RMB) were combined to generate 36 pairs of

intertemporal options with losses. Therefore, each participant

completed 144 trials. The accurate fixation of values was ensured

by the (horizontal/vertical) center-to-center spacing being larger

than 5◦ between any two values, making it difficult for the

peripheral recognition of a nearby value (Rayner, 1998, 2009).

2.4. Task

Participants were randomly assigned to either the

incentivized or the non-incentivized condition. In each

condition, participants completed two tasks: the gain and

the loss task each consisting of two blocks with each block

involving the same 36 pairs of intertemporal options. Therefore,

participants completed 144 trials. In both tasks, the participants

were asked to choose their preferred options between a pair

of options (i.e., SS and LL options) and had unlimited time to

decide. In the first condition, the participants were informed

that one of their trials in each task would be randomly chosen

at the end of the experiment and treated as a real choice. In

the second condition, participants were not instructed with the

information about incentivization.

The order of the tasks was also counterbalanced. Half the

participants completed the gain task first, while the other half

completed the loss task. The location of attribute values (i.e.,

delay or outcome) was balanced. In each task, the placement

of attributes was counterbalanced across the two blocks. Half

the participants saw the outcome as the top number in the first

block, and the other half saw the delay as the top number in

the first block. The location of SS and LL options were also

counterbalanced. In half of the trials, the SS options were shown

on the left and in the other half of the trials, the LL options were

shown of the left. The options were presented in randomized

order for each participant in each block.
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2.5. Procedure

The participants were told about the experiment and were

given a brief description of the equipment after providing

their consent. They then went through a conventional 5-point

calibration and validation procedure before recording began.

The highest validation error in the visual angle was at 0.5

degrees. After the initial calibration, the participants experienced

four practice trials to become accustomed to the manner in

which each task was presented.

A fixation disc was displayed in the middle of the screen

at the start of each trial, which also acted as an eye tracker

drift check. The participants pressed the spacebar to view the

alternatives after registering a fixation on the disc. Pressing

“F” to select the choice on the left or “J” to select the option

on the right gave participants an unlimited amount of time

to make their decision. Then, using a scale of 1 (representing

“Not at all certain”) to 6 (representing “Absolutely certain”), the

participants stated how confident they were in their decision. A

feedback screen was displayed for 1,000 ms after the participants

reported their levels of confidence. The trial procedure and

timing is shown in Figure 1.

2.6. Data analysis

Preprocessing of eye-tracking data. A software called

EyeLink Data Viewer (version 4.2.1) was used to evaluate

the choice page’s eye movement data (SR Research, Ontario,

Canada). Around each piece of information (i.e., the outcomes

and delays), four non-overlapping, similarly sized rectangular

ROIs (15.8◦ × 11.2◦ viewing angle) were established. Fixations

were defined as intervals of relatively fixed gaze occurring in

between saccades and those which lasted less than 50 ms were

disregarded from the analyzes.

Eye-tracking measures. The following previously

mentioned eye-tracking measures were computed.

(1) The total dwell time (TDT) was defined as the total

amount of fixation durations during the course of a trial. The

TDT was log-transformed in the data analysis.

(2) The mean fixation duration (MFD) was calculated by

dividing the TDT by the number of fixations. The values of

MFD are sensitive to cognitive effort (Zhou et al., 2022) or the

complexity level of information processing (Velichkovsky, 1999;

Velichkovsky et al., 2002).

(3) The outcome-gaze-proportion (OGP) provides an index

of the amount of time spent focusing on an intertemporal

option’s outcome feature (Franco-Watkins et al., 2016; Amasino

et al., 2019; Zhou et al., 2021) and was calculated using the

following:

OGP =
Gaze Duration to Outcome Attributes

Gaze Duration to All Attributes
(1)

(4) The searchmeasure index (SMI) is an index thatmeasures

the degree to which the search direction is alternative-wise or

attribute-wise (Böckenholt andHynan, 1994) and was calculated

using the following:

SMI =

√
N

[(

AD
N

)

(

ra − rd
)

− (D− A)
]

√

A2(D− 1)+ D2(A− 1)
(2)

where ra and rd are the number of alternative-wise transitions

and attribute-wise transitions, respectively, andN is the number

of total transitions. Here, A and D stand for the number of

choices and the number of attributes, respectively (i.e., A = 2,

D = 2). SMI’s negative value implies a search that is primarily

attribute-wise, while its positive value indicates one that is

primarily alternative-wise (Pachur et al., 2013).

Statistical analyzes. Bayesian statistical techniques as well

as traditional Null Hypothesis Significance Testing (ANOVA,

t-test) were employed to evaluate the data. We concentrated

on Bayes Factors (BFs) which quantified the probability of

observed data given a specific hypothesis. The default 0.707-

width Cauchy prior developed by the jamovi (version 2.2)

software (Şahin and Aybek, 2019) was applied in all analyzes.We

used the terminologies “weak” (for BF values between 1 and 3),

“moderate” (for BF values between 3 and 10), and “strong”(for

BF values between 10 and 30) as proposed byWagenmakers et al.

(2018) and van Doorn et al. (2021) .

3. Results

Overall, 8 out of the 21,600 trials were discarded from

analyzes due to eye-tracking failures. The dependent variables

were averaged in gain and loss tasks for each participant. No

other data (e.g., the outliers) were excluded from the analyzes

herein.

3.1. Behavioral results

3.1.1. Choice

We calculated the proportion of choosing LL options in gain

and loss tasks for each participant. A 2 (incentivize: incentivized,

non-incentivized) × 2 (task: gain, loss) ANOVA was conducted

with the proportion of choosing LL options as dependent

variable. Results revealed a significant effect of task [F(1,148)
= 72.30, p < 0.001, η

2
p = 0.33], indicating that the proportion

of choosing LL options in the gain task (M = 65.7%, 95% CI

= [62.9%, 68.5%]) was significantly lower than that in the loss

task (M = 79.1%, 95% CI = [76.6%, 81.7%]). The main effect of

incentivize was not significant, F(1,148) = 3.77, p = 0.054, η
2
p =

0.03 along with the interaction of incentive and task [F(1,148)
= 1.47, p = 0.227, η

2
p = 0.01]. Planned t-tests also showed no

significant difference between incentivized (M = 66.9%, 95% CI
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FIGURE 1

Trial procedure and timing in the experiment.

= [63.0%, 70.9%]) and non-incentivized conditions (M = 64.5%,

95% CI = [60.6%, 68.5%]) in gain trials [t(148) = 0.85, p = 0.398,

Cohen’s d = 0.14, BF(01) = 4.09], indicating moderate evidence

for the null hypothesis. However, the proportion of choosing LL

options was higher in the incentivized condition (M = 82.3%,

95% CI = [78.6%, 85.9%]) than that in the non-incentivized

condition (M = 76.0%, 95% CI = [72.4%, 79.7%]) in loss trials

[t(148) = 2.37, p = 0.019], Cohen’s d = 0.39, BF(10) = 2.25, which

indicate weak evidence for the alternative hypothesis as shown

in Figure 2A.

3.1.2. Response time

Response times (the total time spent by a participant before

to making an intertemporal decision, after which it was log-

transformed) were examined with a 2 (incentivize) × 2 (task)

ANOVA. The results revealed a significant effect of task [F(1,148)
= 71.15, p < 0.001, η

2
p = 0.33], indicating that the response

times in the gain task (M = 8.18, 95% CI = [8.13, 8.24]) were

significantly longer than those in the loss task (M = 7.94, 95% CI

= [7.87, 8.02]). The main effect of incentivize was not significant

[F(1,148) = 0.52, p = 0.471, η
2
p = 0.004] and the interaction of

incentive and task was not significant [F(1,148) = 0.02, p = 0.896,

η
2
p = 0.00]. Planned t-tests also showed no significant difference

between incentivized and non-incentivized conditions in gain

trials [t(148) = 0.89, p = 0.373, Cohen’s d, BF(01) = 3.94] or loss

trials [t(148) = 0.51, p = 0.610, Cohen’s d = 0.08, BF(01) = 5.05].

Figure 2B illustrates these findings.

3.1.3. Confidence

Decision confidence were also examined with a 2

(incentivize) × 2 (task) ANOVA. The results revealed a

significant effect of task [F(1,148) = 13.83, p < 0.001, η2p = 0.09],

indicating that the confidence in the gain task (M = 4.94, 95%

CI = [4.84, 5.03]) was significantly lower than that in the loss

task (M = 5.09, 95% CI = [4.99, 5.20]). The main effect of

incentive was also significant [F(1,148) = 9.25, p = 0.003, η
2
p =

0.06]. However, the interaction of incentive and task was not

significant [F(1,148) = 0.64, p = 0.427, η
2
p = 0.004]. Planned

t-tests showed significant difference between incentivized (M

= 5.09, 95% CI = [4.96, 5.22]) and non-incentivized (M = 4.78,

95% CI = [4.65, 4.91]) conditions in gain trials [t(148) = 3.32,

p = 0.001, Cohen’s d = 0.54, BF(10) = 24.68] (strong evidence).

They also showed significant difference between incentivized

(M = 5.22, 95% CI = [5.07, 5.37]) and non-incentivized (M =

4.97, 95% CI = [4.82, 5.12]) conditions in loss trials [t(148) =

2.27, p = 0.025, Cohen’s d = 0.37, BF(10) = 1.83], indicating weak

evidence as exhibited in Figure 2C.

3.2. Eye-tracking measures

3.2.1. TDT

A 2 (incentivize) × 2 (task) ANOVA was conducted with

TDT as dependent variable. The results revealed a significant

effect of task [F(1,148) = 64.24, p < 0.001, η2p = 0.30], indicating

that the TDT in the gain task (M = 7.82, 95% CI = [7.76,
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FIGURE 2

Behavioral results of (A) proportion of choosing LL options, (B) response time, and (C) decision confidence in the present study. Error bars

represent 95% CI. ∗p < 0.05, ∗∗p < 0.01.

7.88]) was significantly greater than that in the loss task (M

= 7.56, 95% CI = [7.48, 7.65]). The main effect of incentivize

was not significant [F(1,148) = 3.32, p = 0.070, η
2
p = 0.02] and

the interaction of incentive and task was not significant as well,

F(1,148) = 0.54, p = 0.463, η
2
p = 0.004. Planned t-tests also

showed no significant difference between incentivized and non-

incentivized conditions in gain trials [t(148) = 1.58, p = 0.116,

Cohen’s d = 0.26, BF(01) = 1.81] or loss trials [t(148) = 1.71, p

= 0.089, Cohen’s d = 0.28, BF(01) = 1.49]. Figure 3A illustrates

these findings.

3.2.2. MFD

A 2 (incentivize) ×× 2 (task) ANOVA was conducted with

MFD as dependent variable. The main effect of task was not

significant [F(1,148) = 0.55, p = 0.461, η2p = 0.004], along with the

interaction of incentive and task [F(1,148) = 0.51, p = 0.476, η2p
= 0.003]. The main effect of incentivize was significant [F(1,148)
= 5.63, p = 0.019, η2p = 0.04]. Planned t-tests showed significant

difference between incentivized (M = 204 ms, 95% CI = [186,

221]) and non-incentivized (M = 236 ms, 95% CI = [218, 253])

conditions in gain trials [t(148) = 2.60, p = 0.010, Cohen’s d

= 0.42, BF(10) = 3.72]. They also showed significant difference

between incentivized (M = 198 ms, 95% CI = [173, 223]) and

non-incentivized (M = 236 ms, 95% CI = [211, 260]) conditions

in loss trials [t(148) = 2.14, p = 0.034, Cohen’s d = 0.35, BF(10) =

1.42]. Figure 3B illustrates these findings.

3.2.3. OGP

A 2 (incentivize) × 2 (task) ANOVA was conducted with

OGP as dependent variable. The results revealed a significant

effect of task [F(1,148) = 43.73, p < 0.001, η2p = 0.23], indicating

that the OGP in the gain task (M = 0.507, 95% CI = [0.501,

0.512]) was significantly lower than that in the loss task (M =

0.548, 95% CI = [0.536, 0.560]). The main effect of incentive

was not significant [F(1,148) = 0.17, p = 0.684, η2p = 0.001] and

the interaction of incentive and task was not significant as well

[F(1,148) = 0.10, p = 0.757, η2p = 0.001]. Planned t-tests showed no

significant difference between incentivized and non-incentivized

conditions in gain trials [t(148) = 0.84, p = 0.404, Cohen’s d =

0.14, BF(01) = 4.13] or loss trials [t(148) = 0.08, p = 0.938, Cohen’s

d = 0.01, BF(01) = 5.67]. Figure 3C illustrates these findings.

3.2.4. SMI

A 2 (incentivize) × 2 (task) ANOVA was conducted with

SMI as a dependent variable. The results revealed a significant

effect of task [F(1,148) = 25.43, p < 0.001, η2p = 0.15], indicating

that the SMI in the gain task (M = 0.80, 95% CI = [0.72, 0.87])

was significantly greater than that in the loss task (M = 0.62,

95% CI = [0.53, 0.70]). The main effect of incentivize was not

significant [F(1,148) = 0.27, p = 0.603, η
2
p = 0.004], and the

interaction of incentive and task was not significant [F(1,148)
= 0.55, p = 0.461, η

2
p = 0.004]. Planned t-tests also showed no

significant difference between incentivized and non-incentivized

conditions in gain trials [t(148) = 0.86, p = 0.390, Cohen’s d =

0.14, BF(01) = 4.04] or loss trials [t(148) = 0.13, p = 0.900, Cohen’s

d = 0.02, BF(01) = 5.65]. Figure 3D illustrates these findings.

4. Discussion

This study examined the effect of the incentive approach

on intertemporal choice and found no significant difference in

the proportion of choosing LL options between incentivized and

non-incentivized intertemporal rewards. This coincides with

previous research (Johnson and Bickel, 2002; Madden et al.,

2003, 2004) and suggests that people discount hypothetical and

real rewards similarly, and hypothetical rewards can be used

as a valid proxy in research involving intertemporal choice.

However, participants in the incentivized group exhibited more

patience than those in the non-incentivized group in the

loss task, although the evidence is weak. One explanation

for this is loss aversion, where losses loom larger than gains

(Loewenstein and Prelec, 1992; Scholten and Read, 2010).

Frontiers in Psychology 06 frontiersin.org

https://doi.org/10.3389/fpsyg.2022.989511
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Yang et al. 10.3389/fpsyg.2022.989511

FIGURE 3

Eye-tracking measures results of (A) TDT, (B) MFD, (C) OGP, and (D) SMI in the present study. Error bars represent 95% CI. ∗p < 0.05, ∗∗p < 0.01.

Recent evidence from neuroscience also indicate that the gains

and losses domains of temporal discounting are underlined by

two different intrinsic value systems (Zhang et al., 2018). Hence,

when examining intertemporal choice in the loss domain,

incentives become an unignorable and important issue.

We found that the participants’ decision confidence

increased when they were incentivized in gain and loss tasks,

implying that participants were more certain of their decisions

when they knew that their choices would be played for

real. Recently, several studies have attempted to examine the

confidence of intertemporal choice. For instance, Bulley et al.

(2021) failed to observe that participants’ confidence was higher

when they chose the LL options, contrary to the assumptions of

the self-control account. However, in their experiment, they used

hypothetical rewards without incentive, potentially preventing

them from finding the evidence supporting their hypothesis.

These findings suggest that researchers should pay particular

attention to incentives when examining the decision confidence

of intertemporal choice.

Another finding of the present study is that the MFD was

shorter in the incentivized group than in the non-incentivized

group. The value of MFD is usually related to individuals’

cognitive effort (Amblee et al., 2017) or the complexity level

of information processing (Velichkovsky, 1999; Velichkovsky

et al., 2002). Longer fixations are associated with deeper

processing, such as deliberate consideration of information,

whereas shorter fixations are associated with more superficial

levels of processing (Glöckner and Herbold, 2011). Generally,

the mean fixation duration of the deliberative strategy should be

longer than that of the intuitive strategy (Glöckner and Herbold,

2011; Su et al., 2013). Results herein revealed that the mean

fixation duration decreased when participants were incentivized,

implying that the incentives reduce the complexity level of

information processing and promote the intuitive decision

strategy in intertemporal choice.

However, the effect of incentives on the values of TDT,

OGP, and SMI remains unobserved. The values of TDT

reflect the efficiency of information processing (Karalunas
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et al., 2012), OGP reflect the decision weight on outcome

attribute (Zhou et al., 2021), and SMI reflect the direction

of information search (i.e., alternative-wise vs. attribute-wise)

(Su et al., 2013; Liu et al., 2021b; Zhou et al., 2022).

Findings herein suggest that the incentives do not affect

the key variables concerned by eye-tracking research on

decision-making, such as decision weight and direction of

information search.

The systematic variations between the gain and loss tasks

was also obtained. Compared to participants in the gain

task, those in the loss task showed more patience, shorter

response time, greater decision confidence. The eye-tracking

results showed that the outcome attribute received more

attention and the information search was more attribute-

wise in the loss task than the gain task. Following prior

research on intertemporal choice (Thaler, 1981; Sun et al.,

2015), our findings likewise suggest that the asymmetry between

gain and loss can also be reflected in decision confidence

and information processing. Although not the scope of the

current study, future studies should further investigate the

difference in the underlying mechanism between the gain and

loss frame.

Some limitations were also noted herein. First, in the

incentivized group, instead of getting the total of all results,

participants were ultimately paid based on one randomly

chosen trial. Previous research compared the pay-one condition

and pay-all condition in the field of risky decision-making

and shown that participants in the pay-all condition made

10% more riskier choices than those in other condition

(Schmidt and Hewig, 2015). Future research may further

compare the pay-one and pay-all conditions in intertemporal

choice. Second, the outcomes and delays of the stimuli in

the study herein were relatively small because of the cost.

Previous research revealed that the magnitude of the outcomes

and the delays could affect people’s patience (Thaler, 1981;

Loewenstein and Prelec, 1992). Future studies may examine

the effect of incentives on intertemporal choice in larger

magnitude options.

Ultimately, this study parallels the results of previous

findings which posit that incentives do not affect

intertemporal choice in the gain domain. Contrastingly,

we found that incentives in the loss domain influenced

people’s temporal discounting. Furthermore, the decision

confidence and the mean fixation duration differed

between the incentivized and non-incentivized groups.

These findings allow for a better understanding of the

effect of incentives on intertemporal choice and provide

valuable information for the design of incentives in future

intertemporal experiments.
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