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Abstract 

Previous research consistently identified differences in time preferences between 

effort and monetary decisions. However, the root cause of this difference—

whether it stemmed from the intrinsic nature of the outcomes or the associated 

pleasurable or unpleasurable experiences—remained undefined. In response, we 

conducted novel two-stage experiments employing a 2  2 design contrasting 

outcomes (money and effort) and domains (gain and loss). This approach allowed 

for the incentivization of all decisions, including those involving future monetary 

losses. Our study reveals that while there is no significant difference in present 

bias between monetary and effort-based choices, the degree of time inconsistency 

differs significantly, indicating outcome-dependent preferences. Across both 

experiments, we consistently found no evidence of present bias in any of the four 

conditions. (JEL: C91, D91) 
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1. Introduction 

Time preferences have long been central to the study of individual decision-

making, with decades of research exploring how people evaluate outcomes across 

time (Abdellaoui et al., 2013; Andreoni & Sprenger, 2012; Frederick et al., 2002; 

Laibson, 1997; Thaler, 1981). A core contribution of this literature is the 

distinction between impatience (a discount factor) and present bias 

(overvaluation of present outcomes) captured in hyperbolic discounting models. 

Empirical work has primarily focused on time preferences on monetary 

outcomes (e.g., Ashraf et al., 2006; Dohmen et al., 2010; Tanaka et al., 2010), 

which have been linked to behaviors such as credit card debt (Meier & Sprenger, 

2010), body mass index (BMI) (Courtemanche et al., 2015), and impulse control 

disorders (Brewer & Potenza, 2008; Ida, 2014; Odum et al., 2002).  

However, existing studies have also identified more nuanced features: 

time preferences are sign-dependent (Benzion et al., 1989; Thaler, 1981) and 

outcome-dependent (Odum et al., 2006; Reuben et al., 2010). These findings 

highlight the need to move beyond pleasant, monetary outcomes and examine 

non-monetary and aversive domains to fully understand intertemporal decision-

making. Moreover, researchers have discussed how the fungibility of money and 

the delay between its receipt and consumption may affect time preferences 

(Cubitt & Read, 2007; O’Donoghue & Rabin, 2015). Consequently, recent 

studies (e.g., Augenblick et al., 2015; Augenblick & Rabin, 2019; Carvalho et al., 

2016) have begun to examine effort-based choices because the time dedicated to 

specific tasks may serve as a more immediate reflection of consumption 

(Meissner & Pfeiffer, 2022). These studies show that individuals exhibit a more 

pronounced present bias in effort choices compared with monetary choices (see 

Imai et al., 2021, for a meta-analysis). However, monetary rewards and effort 
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exertion are inherently different in types of outcomes and the associated 

experiences, whether gain or loss. Consequently, the observed differences in 

present bias could be influenced by the type or sign of the outcomes or by a 

combination of both factors.  

This study investigates both outcome- and sign-dependence of time 

preferences through two incentivized experiments using a 2 × 2 design (money 

vs. effort; gain vs. loss). Building on Bosch-Domènech and Silvestre (2010), our 

method allows for the incentivization of future monetary losses—an area often 

studied using hypothetical scenarios (Thaler, 1981; Abdellaoui et al., 2013; Shiba 

& Shimizu, 2020). While few prior studies have implemented real-loss incentives 

(e.g., Gutierrez et al., 2024; Krause & Schmidt, 2023), our approach differs in 

that it is designed to minimize both hypothetical bias and the house money effect 

(Frederick et al., 2002; Thaler & Johnson, 1990).  

In our experiments, participants made intertemporal choices involving 

either monetary gains/losses or effort gains (task exemptions) and effort losses 

(task additions). In Experiment 1, each participant was assigned to either the 

money or effort condition and completed both gain and loss domains (i.e., within-

subjects for domains while between-subjects for outcome types). In Experiment 

2, participants were randomly assigned to one of the four conditions (between-

subjects). All monetary transactions were conducted via mobile payment to 

ensure timely and smooth implementation as in Andreoni et al. (2018). 

This study contributes to the literature by providing a rigorous, fully 

incentivized test of sign- and outcome-dependence in time preferences. First, 

contrary to Imai et al. (2021), both of our experiments consistently found no 

evidence of present bias in any condition. Second, we found evidence of outcome 

dependence. While present bias did not differ between money and effort, time 

inconsistency was significantly higher for effort. Furthermore, effort-based 
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choices tended to favor balanced allocations (i.e., demonstrated a preference for 

smoothness) over monetary choices. Third, sign dependence in impatience 

appeared in Experiment 1 in both monetary and effort choices, but not in 

Experiment 2. Although the sign effect has been widely reported, this result 

points to a potentially modest role of sign dependence. We further explore this in 

the Discussion section. 

The rest of the paper is organized as follows. The relevant literature is 

reviewed and the main hypotheses are formulated in Section 2. The design of 

Experiments 1 and 2 are described in Section 3 followed by the results in Section 

4. Section 5 discusses the relationship between time preference parameters and 

everyday economic behaviors. Section 6 summarizes the findings and offers 

some discussions. 

2. Literature Review and Hypotheses 

2.1. Present Bias and Impatience 

This section reviews existing research on time preferences, focusing on two key 

dimensions: present bias (the overvaluation of immediate outcomes) and 

impatience, which reflect long-term discounting behaviors.  

Present bias and patience have become central concepts in behavioral 

economics, particularly through the quasi-hyperbolic discounting model 

(Laibson, 1997; Frederick et al., 2002). Many early studies relying on binary 

choice or open-ended questions found present bias in monetary decisions. 

However, many of these early studies assume linear utility and rely on cross-

sectional designs, raising concerns about measurement validity (Andreoni & 

Sprenger, 2012; Halevy, 2015). 
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The Convex Time Budget (CTB) method developed by Andreoni and 

Sprenger (2012) allows for joint estimation of utility curvature and time 

preferences. This contrasts with traditional elicitation methods, such as binary 

choice tasks (e.g., smaller-sooner vs. larger-later) or matching tasks, (e.g., '$100 

now = _____ in one year'), which only provide bounds on the discount rate 

(Frederick et al., 2002).  

Studies that employ the CTB method often fail to detect present bias in 

monetary contexts (Imai et al., 2021). One plausible explanation is the arbitrage 

potential associated with money—individuals may treat money as fungible across 

time, allowing for intertemporal smoothing that masks present-biased behavior. 

Indeed, the results of these experiments—(almost) linear utility and absence of 

present bias—are consistent with rational intertemporal substitution in the 

presence of monetary arbitrage opportunities. 

In contrast, such arbitrage possibilities are absent in effort-based tasks; 

individuals cannot easily transfer or reschedule physical or mental effort across 

time in a way that equalizes marginal utility. This makes it more likely for 

participants to reveal their present bias. Indeed, Augenblick et al. (2015) found 

strong present bias for effort but not for money. This pattern has been supported 

by meta-analyses (Imai et al., 2021), suggesting that non-monetary outcomes like 

effort are more diagnostic of true intertemporal preferences.  

Beyond arbitrage, effort and money differ fundamentally in their inherent 

psychological and economic nature. Money typically represents a gain or a 

consumption resource, whereas effort is experienced as disutility or a loss. These 

distinctions suggest that time preferences may vary not only by outcome type 

(effort vs. money) but also by domain (gain vs. loss). Indeed, as we discuss in 

detail below, prior research has reported that time preferences vary across both 

outcome types (Abdellaoui et al., 2018; Cheung et al., 2022; Estle et al., 2007; 
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Odum et al., 2006; Reuben et al., 2010; Tsukayama & Duckworth, 2010) and 

their signs, i.e., gain or loss (Baker et al., 2003; Benzion et al., 1989; Chapman, 

1996; Myerson et al., 2017; Thaler, 1981). 

However, most of these studies explore only one dimension (outcome or 

sign), and not both. This is especially true in incentivized settings. Thus, the joint 

effect of outcome- and sign-dependence on present bias and impatience remains 

unclear. Below, we summarize findings on each dimension and introduce our 

hypotheses. We review studies employing a range of methodologies because, to 

the best of our knowledge, few CTB-based studies have examined both outcome-

dependent and sign-dependent present bias.  

 

2.1.1. Sign-dependence. Earlier studies in monetary contexts report higher 

discounting for gains than for losses—known as the sign effect (Benzion et al., 

1989; Myerson et al., 2017; Thaler, 1981). Some studies even find negative 

discounting for future losses (Hardisty & Weber, 2009; Yoon & Chapman, 2016). 

Non-monetary outcomes such as health, pain, consumer goods and effort show 

sign effects as well (Baker et al., 2003; Chapman, 1996; Yamamoto & Navarro-

Martinez, 2022). Hardisty and Weber (2009) found a more pronounced sign 

effect in health-related choices than in monetary ones, suggesting that the 

magnitude of the sign effect varies across contexts. 

Research on sign-dependent present bias is more limited and 

inconsistent. Thaler (1981) found present bias in monetary gains but not in losses, 

while Shiba and Shimizu (2020) showed present bias in both gains and losses, 

and Abdellaoui et al. (2013) found stronger present bias in monetary losses than 

gains. To date, the only study that directly compared present bias between gains 

and losses with an incentivized experiment, by using an endowment-based 

method in which losses were subtracted from the provided amount, is Andreoni 
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et al. (2018). They found that present bias was higher in the loss domain and 

nearly absent for gains. In the realm of effort choices, the literature is even more 

limited. To the best of our knowledge, Abdellaoui et al. (2018) is the only study 

to compare the level of present bias between gains and losses of working time, 

and they found similar levels in both domains.  

2.1.2. Outcome-dependence. A substantial body of research suggests that 

individuals tend to be more impatient when evaluating non-monetary outcomes 

than monetary ones.  

In the gain domain, discount rates for primary rewards such as food and 

time are generally higher than those for money (Cheung et al. 2022; Estle et al., 

2007; Odum et al., 2006; Reuben et al., 2010; Tsukayama & Duckworth, 2010). 

However, patience across monetary and non-monetary outcomes, such as 

consumer goods (Tsukayama and Duckworth, 2010) and working time 

(Abdellaoui et al., 2018) appears to be positively correlated.  

In the loss domain, while direct comparisons between monetary and non-

monetary outcomes are limited, existing evidence suggests distinct patterns. 

Harris (2012) found that while individuals often postponed monetary losses, 

responses to such losses involving pain, embarrassment, or social rejection varied 

substantially—some preferred to delay them, while others preferred to "get it over 

with." Experimental studies also show evidence of slower discounting or even 

negative discounting for health and pain-related losses (Baker et al., 2003; 

Ganiats et al., 2000; Loewenstein, 1987). These findings imply that non-monetary 

losses, including effort tasks, may involve more complex time preferences. 

Research also indicates that present bias varies by outcome type. Cheung 

et al. (2022) reported weaker present bias for food compared to money, while 

Bleichrodt et al. (2016) observed stronger present bias for health outcomes than 
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for monetary ones. Some studies (Augenblick et al., 2015; Augenblick & Rabin, 

2019) have found greater present bias for effort than for monetary gains. However, 

these studies did not consider the role of gain versus loss domains in shaping 

present bias. Abdellaoui et al. (2018) is the only study directly comparing present 

bias for monetary gains and gains of leisure time, finding greater bias for the latter. 

Notably, they also found no significant correlation between present bias in the 

two outcome types. Present bias in the loss domain—especially when comparing 

effort versus monetary losses—remains largely unexplored.  

These previous findings motivate the following hypotheses: (1) A higher 

degree of present bias is observed in effort exertion choices than in monetary gain 

choices; (2) A higher degree of impatience is observed for gains than for losses 

in both monetary and effort choices; (3) The magnitude of the sign effect differs 

between effort and monetary outcomes; (4) A different level of impatience is 

observed for effort outcomes compared to monetary outcomes in both gain and 

loss domains. 

2.2.5. Hypothetical Intertemporal Decisions. To properly test these 

hypotheses, incentivization is crucial for measuring time preferences while 

avoiding unwanted bias as much as possible. Much of the existing literature—

especially in the loss domain—relies on hypothetical scenarios, which may 

introduce hypothetical bias (Frederick et al., 2002). Coller & Williams (1999) 

found reduced impatience with real payments, while Brañas-Garza et al. (2023) 

and Matousek et al. (2022) found little evidence of such bias for monetary gains. 

Moreover, hypothetical bias in monetary losses may be more problematic. 

Common methods, such as providing initial endowments (e.g., Gutierrez et al., 

2024), may trigger the house-money effect (Thaler & Johnson, 1990), which can 

distort preferences when the endowments are perceived as windfall money. This 
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suggests that established findings, such as the sign effect, warrant re-examination 

under incentivized conditions.  

For example, Krause & Schmidt (2023) compared time preferences 

across three conditions: (1) a Hypothetical treatment with no real stakes; (2) an 

Opportunity Loss treatment with losses deducted from a provided endowment; 

and (3) a Debit treatment where participants received a transfer in advance of the 

intertemporal decisions and signed a direct debit mandate for real losses. The 

Debit condition resulted in smaller differences in discount rates between gains 

and losses and lower overall discounting compared to the other two treatments, 

suggesting that perceived real losses reduce bias. These results highlight that 

traditional methods may overstate sign effects. 

Other studies echo this concern. Etchart-Vincent and l’Haridon (2011) 

found stronger hypothetical bias for gains than for losses. Similarly, Weber et al. 

(2004) reported varying degrees of hypothetical bias between gain and loss 

domains. If such biases differ by outcome valence, they can compromise 

estimates of sign-dependent preferences. 

To elicit underlying preferences across both gains and losses, we take a 

step further than Krause and Schmidt (2023). We aim to mitigate unwanted bias, 

particularly the house-money effect, by adopting a method inspired by Bosch-

Domènech and Silvestre (2010). They did not simply endow participants with 

money but had them earn their endowment via unrelated tasks before the main 

experiment. Their post-experiment surveys suggested this income was less likely 

to be treated as windfall. This method offers a practical way to reduce both 

hypothetical and house-money biases. Accordingly, we employ a two-stage 

design: participants first earn money to cover potential losses and go home, then 

return on a separate day for the main session to make incentivized intertemporal 
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decisions. This design aims to minimize bias when estimating time preferences 

across gain and loss domains. 

3. Experimental Design 

We conducted two experiments to examine the outcome- and sign-dependence of 

time preferences. In Experiment 1, participants were randomly assigned to either 

a money or effort condition and completed tasks involving both gains and losses. 

In this setup, the outcome type (money vs. effort) varied across participants, while 

the domain (gain vs. loss) varied within each participant. A key advantage of this 

structure is that it enables individual-level analysis of sign effects. Notably, 

previous studies have also employed within-subject designs to investigate sign 

effects (Benzion et al., 1989; Chapman, 1996; Ikeda et al., 2010).  

In contrast, Experiment 2 used a fully between-subjects 2 × 2 design, 

where participants were randomly assigned to one of four conditions: Money-

gain, Money-loss, Effort-gain, or Effort-loss. This approach enabled clearer and 

more robust comparisons between outcome types and domains under a unified 

experimental framework, addressing concerns about comparability in 

Experiment 1.  

In both Experiments 1 and 2, there were several conditions to participate 

in this study: having a PayPay account (mobile payment service that operates in 

Japan) and making transactions within 1 month; agreeing to participate in all 

sessions of the experiment lasting five weeks; and having a decent internet 

connection for participation in the experiment. To ensure smooth and reliable 

money transactions, we delegated all payment operations to Dosanite 

(https://dosanite.co.jp/), a third-party company. This arrangement helped 

establish trust in the execution of the transactions and encouraged participants to 

take their decisions seriously. Rewards varied depending on participants' 
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decisions and the treatment to which they were assigned, with the average reward 

being 2,000 yen—roughly equivalent to two hours of work for university students. 

Besides that, they received their preferred item, which was valued at around 5,000 

yen in Experiment 1 or up to that amount in Experiment 2, if they completed all 

sessions in the experiment.1 The substantial completion reward played a crucial 

role in minimizing attrition, which was essential to preserving sample integrity 

and ensuring valid inference. 

3.1. Design and Procedure 

The experiment lasted 5 weeks, and participants needed to complete all sessions 

in Week 1 (the start of the experiment), Week 3 (two weeks later), Week 4 (three 

weeks later), and Week 5 (four weeks later). In Week 5, all participants answered 

a set of questions related to their cognitive skills2 and behaviors potentially 

 

 

1 On the first day of the experiment, we presented participants with a list of 30 and 21 

attractive items in Experiment 1 and 2, respectively. Participants were asked to rank these 

items in order of preference. The items were then distributed according to these rankings. 

A week after the last session of the experiment, the items were dispatched to the 

participants’ designated locations. We opted for tangible items rather than money as 

completion rewards to minimize the likelihood of participants integrating them with the 

monetary rewards obtained during the experiment. 

2  Cognitive skills were measured by four Matrix reasoning items and four three-

dimensional rotation items from the International Cognitive Ability Resource (Condon & 

Revelle, 2014). In the three-dimensional rotation items, cubes were displayed at the top 
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correlated with their time preferences,3 as well as demographics such as age, 

gender, and education. In addition, an attention check question was included to 

exclude inattentive participants from the experiment. 

Sessions were conducted online, and monetary transactions were 

handled via PayPay. Figure 1 shows the schedule over five weeks (for detailed 

experimental instructions, see Online Appendix). In both experiments, 

participants in the Money treatment made intertemporal allocation decisions 

involving money, while those in the Effort treatment made similar decisions 

involving effort. Each treatment is described in more detail below. 

Insert Figure 1 about here. 

 

 

of the screen. Participants were tasked with selecting, from the given cube options, the 

one that could match the displayed cube when rotated. In the matrix reasoning items, a 

matrix featuring different geometric patterns—with one part missing—was displayed at 

the top of the screen. Participants were tasked with selecting the most fitting geometric 

pattern from the given options to complete the missing part. 

3 Namely, questions about their drinking habits (Bradford et al., 2017): how many days 

they drink alcohol per month; how many times they drink large quantities per month (five 

drinks for men and four drinks for female), and how many glasses of alcohol they drink 

on average. We also asked other questions including how many times they played sport 

this year (less than once a month, 1–3 days per month, more than once a week, more than 

twice a week, more than three times a week, more than five times a week); if they feel 

they are usually healthy (I think very healthy, I think healthy, Not so healthy, Not 

healthy); their height and weight; their GPA; and the saving proportion of their monthly 

salary. In addition, we asked about their eating and shopping habits from the Shorter 

PROMIS Questionnaire (Christo et al., 2003). 
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3.1.1. Money Treatment in Experiment 1. The participants completed a task in 

Week 1 involving the transcription of 4,000 numbers displayed on screen. Each 

page showed ten blurred numbers (see Figure 2 for an example). Thus, 

participants needed to complete 400 pages, and they received a reward of 2,000 

yen for doing so. This reward was designed to offset any potential losses in 

subsequent sessions. The participants were informed that the reward was the 

participants’ own payment and could be used freely. To ensure that participants 

understood the payment procedure and rules, they needed to correctly answer the 

comprehension question before proceeding. 

Insert Figure 2 about here. 

In Weeks 3 and 4 (the second and third sessions), participants made a 

total of 36 intertemporal allocation choices. The participants answered two sets 

of nine allocation questions each for gains and losses. In Set 1, participants faced 

allocation problems with a budget constraint,  

(1 + 𝑅)𝑥𝑠 + 𝑥𝑙 = 𝐵 

where 𝑥𝑠 and 𝑥𝑙 are the amounts of outcome and B is a (future-value) budget. 

The set of questions is constructed with nine different interest rates: R∈{–0.3, –

0.18, –0.07, 0, 0.11, 0.25, 0.43, 0.67, 1} with a budget of 𝐵 = 1000. Set 2 

employed a budget constraint of 

𝑥𝑠 +
1

1 + 𝑅
𝑥𝑙 = 𝐵 

with parameters R∈{–0.34, –0.21, –0.09, 0, 0.07, 0.25, 0.38, 0.6, 0.9} and 𝐵 =

800. 

We based the format of our CTB questions on Cheung et al. (2022). 

Namely, participants chose one option from nine equally split bundles on the 
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budget line as shown in Figure 3.4 Furthermore, to maintain equal transaction 

costs between sooner and later dates, we excluded bundles where either the 

sooner or later allocation was zero (i.e., 𝑥𝑠 = 0  or 𝑥𝑙 = 0 ). The minimum 

values for 𝑥𝑠 and 𝑥𝑙 were set at 5 in both Sets 1 and 2. 

Insert Figure 3 about here. 

The participants received 𝑥𝑠 and 𝑥𝑙 in the gain domain, and they paid 

𝑥𝑠 and 𝑥𝑙 in the loss domain. We did not explicitly show the interest rate to the 

participants.  

In the example questions shown in Figure 3, the payments on the sooner 

dates always decrease from the left to the right options (refer to Figures D1, D2, 

and D3 in Appendix D for example questions in the other treatments). To avoid 

the order effect, we created two versions of each set: in one, sooner-date payments 

decreased from left to right; in the other, the order was reversed. One of the two 

versions was randomly shown to the participants. In addition, the order of the 

gain and loss domains was randomized. 

In Week 3, participants made allocation decisions for payments to be 

made one and two weeks later—i.e., Weeks 4 and 5—creating front-end-delay 

questions. In Week 4, they again faced the same allocation problems between 

Weeks 4 and 5. However, this time the sooner date coincided with the day of the 

intertemporal decisions, creating a no front-end-delay setting. Comparing the 

 

 

4 While the original CTB framework introduced by Augenblick et al. (2015) used a 

continuous slider task, we reanalyzed their data within a choice list framework and 

confirmed that their core findings remained unchanged. 
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decisions in these two types of questions allows us to assess their level of present 

bias. 

Subsequently, one question was randomly selected from all questions 

answered in Weeks 3 and 4. The monetary transaction was carried out based on 

the participant’s decision in the selected question. If the selected question 

involved monetary gains, they would receive 𝑥𝑠 in Week 4 and 𝑥𝑙 in Week 5. 

If the selected question was about the choices regarding monetary losses, they 

would pay 𝑥𝑠 in Week 4 and 𝑥𝑙 in Week 5. 

Before making allocation decisions in Weeks 3 and 4, participants 

completed a comprehension quiz to confirm understanding. They could not 

proceed until answering correctly. 

 

3.1.2. Effort Treatment in Experiment 1. In Week 1 of Experiment 1, participants 

agreed to transcribe 2,000 random numbers in both Weeks 4 and 5 and received 

2,000 yen as compensation for doing so. As in the money treatment, they were 

informed that this compensation was their own payment, and they also answered 

the comprehension question about it. To reinforce the commitment, participants 

signed and returned a document detailing the contract. The purpose of this 

contractual agreement was to enhance the salience of the effort’s reference points 

and encourage participants to internalize this reference point. Without such a 

reference point, participants might integrate the 2,000 tasks into their 

intertemporal choices for effort-related tasks. As a result, their preferences could 

become unaffected by the domains of gains and losses, which are the key aspects 
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we aim to measure in this study.5 The intertemporal decisions in this treatment 

mirrored those of the money treatment. In each of Weeks 3 and 4, participants 

answered a total of 36 allocation questions regarding the amount of tasks in 

Weeks 4 and 5. Namely, participants transcribed 2000 + 𝑥𝑠  and 2000 + 𝑥𝑙 

numbers in Weeks 4 and 5, respectively. The amount of numbers to transcribe 

was reduced in the gain domain (i.e., 𝑥𝑠 < 0  and 𝑥𝑙 < 0 ), while it was 

increased in the loss domain (i.e., 𝑥𝑠 > 0  and 𝑥𝑙 > 0 ). In each question, 

participants chose one option from nine equally split bundles on the budget line.6 

One question was later randomly selected from all questions answered 

during Weeks 3 and 4 to determine the actual workload. The bundles of 𝑥𝑠 and 

𝑥𝑙, as well as the budget constraints (R and B), are identical between Money and 

Effort treatments, ensuring that the decisions are comparable. 

3.1.3. Treatments in Experiment 2. The procedure for the Money and Effort 

treatments in Experiment 2 was largely consistent with that of Experiment 1 

during the first week. In Week 1, participants completed the same tasks. In Weeks 

3 and 4, participants made a total of 18, instead of 36, intertemporal allocation 

choices, which varied by treatment condition. Participants in the Money-gain 

condition made decisions exclusively involving monetary gains, whereas those 

 

 

5 The analyses presented in Appendix B indicate that this was indeed successful. 

6 This contrasts with the approach of Augenblick et al. (2015), who employed a slider-

type question for effort allocation decisions. However, our analysis, transforming the 

experimental data of Augenblick et al. (2015) into a format analogous to our discrete 

choice framework, revealed that the results were similar. This comparative analysis is 

available upon request. 
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in the Money-loss condition dealt only with monetary losses. Similarly, 

participants in the Effort-gain condition made decisions exclusively involving 

reductions in task amounts, while those in the Effort-loss condition made 

decisions involving increases in task amounts. 

The structure of the intertemporal allocation tasks, conducted in Weeks 

3 and 4, remained similar to those in Experiment 1, featuring two sets of nine 

allocation problems (Set 1 and Set 2). However, we modified the parameters to 

reflect a shorter delay period. Whereas Experiment 1 adopted the interest rate 

structure from Cheung et al. (which used a three-week delay), our experiments 

employed a one-week delay. This shorter delay could influence intertemporal 

choices, as higher interest rates might have exaggerated impatience levels in our 

study. To address this issue, we decided to recalibrate the interest rates and 

budgets to better match the shorter delay and ensure a fairer comparison and a 

more accurate estimation of discounting behavior in Experiment 2: In Set 1, R∈

{-0.1, -0.06, -0.023, 0, 0.037, 0.083, 0.143, 0.22, 0.33} with 𝐵 = 1500; in Set 2, 

R∈{-0.11, -0.07, -0.03, 0, 0.023, 0.083, 0.127, 0.2, 0.3} with 𝐵 = 1200. 

3.2. Measurements of Time Preference 

We measure the participants’ time preferences using choice-based indices. These 

descriptive measures are based on simple proportions of rewards allocated to 

sooner versus later payment dates. These descriptive measures provide evidence 

regarding the behaviors of interest without relying on specific functional forms. 

The literature establishes that time preference can be decomposed into three 

distinct properties: impatience, present bias, and a preference for smoothing 

(Frederick et al., 2002). Based on Cheung et al. (2022), we measured these 
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properties and added time inconsistency to capture time preferences in the four 

conditions: Money-gain, Money-loss, Effort-gain and Effort-loss.  

Impatience describes the extent to which individuals discount delays, 

essentially measuring their willingness to wait for future outcomes. Impatience 

for gains is measured by the average proportions allocated to the sooner option 

in Week 3, the initial intertemporal decisions with front-end-delay. This is 

calculated as 𝐼𝑚𝑝𝑎𝑡𝑖𝑒𝑛𝑐𝑒 = 𝑚𝑒𝑎𝑛 (
𝑥𝑠

𝑥𝑠+𝑥𝑙
), where 𝑥𝑠  and 𝑥𝑙  are the sooner 

and later allocations at each decision problem, respectively. Impatience equals 1 

if the participant always allocates all resources (the number of exempted tasks in 

Effort-gain) to the sooner dates (extremely impatient) and 0 if they always 

allocate them to the later dates (extremely patient).7 For losses, the proportion of 

outcomes allocated to later dates serves as an indicator of impatience, computed 

as 𝐼𝑚𝑝𝑎𝑡𝑖𝑒𝑛𝑐𝑒 = 𝑚𝑒𝑎𝑛(
𝑥𝑙

𝑥𝑠+𝑥𝑙
). This is based on the rationale that an impatient 

individual would prefer to postpone unpleasant outcomes to later dates. 

Present bias (PB) indicates the extent to which individuals overweigh 

present outcomes. Present bias is measured by the difference between allocations 

at two periods, i.e., 𝑃𝐵 = 𝑚𝑒𝑎𝑛  ((
𝑥𝑠

𝑥𝑠+𝑥𝑙
)

𝑊4
− (

𝑥𝑠

𝑥𝑠+𝑥𝑙
)

𝑊3
)   in the gain 

domains and 𝑃𝐵 = 𝑚𝑒𝑎𝑛  ((
𝑥𝑙

𝑥𝑠+𝑥𝑙
)

𝑊4
− (

𝑥𝑙

𝑥𝑠+𝑥𝑙
)

𝑊3
)  in the loss ones. PB 

describes how much the allocations have changed from the questions with front-

 

 

7  Note that the exclusion of corner bundles from our choice sets means that our 

descriptive measures, Impatience, do not reach these theoretical extremes in our 

experimental design. The same applies to PB, TI and Smooth, which are defined in this 

section. 
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end-delay to those without. It takes values between –1 (extremely future-biased) 

and 1 (extremely present-biased).  

In addition, we introduce an extra property, time inconsistency (TI), 

which represents the extent of inconsistency in time preferences. It is defined 

simply as the absolute value of PB: 𝑇𝐼 = |𝑃𝐵|.  

Preference for smoothing (Smooth) describes how individuals prefer 

equal allocations between sooner and later dates. It is defined as 𝑆𝑚𝑜𝑜𝑡ℎ =

 𝑚𝑒𝑎𝑛(
(𝑥𝑠+𝑥𝑙)−|𝑥𝑠−𝑥𝑙|

𝑥𝑠+𝑥𝑙
)  for both gains and losses. It takes values between 0 

(smoothing hater) and 1 (smoothing lover). 

In addition to these descriptive measures, we also estimate time 

preferences using the quasi-hyperbolic discounting model (Laibson, 1997) 

combined with the constant relative risk aversion (CRRA) utility function to yield 

clearer differentiations among parameter values. Namely, we assume the utility 

from the alternative in the CTB questionnaire (𝑥𝑠, 𝑥𝑙)  is 𝑈(𝑥𝑠, 𝑠𝑙) =

𝐷(𝑡𝑠)𝑈(𝑥𝑠) + 𝐷(𝑡𝑙)𝑈(𝑥𝑙) where the discount function 𝐷(. ) and instantaneous 

utility 𝑈(. )  are  𝐷(𝑡) = 𝛽1𝑡>0𝛿𝑡  and 𝑈(𝑥) = 𝑢(𝑥)  for 𝑥 > 0  and 𝑈(𝑥) =

−𝑢(−𝑥) for 𝑥 < 0, respectively, where 

 𝑢(𝑥) = {
𝑥1−𝛼

1−𝛼
    (𝛼 ≠ 1)

ln(𝑥)  (𝛼 = 1)
.  

This model allows for the joint estimation of three crucial parameters: 

the weekly discount factor (), present bias (), and utility curvature (), using 

the maximum likelihood estimation (MLE) with the multinomial logit probability 

of a specific choice 

 Pr(𝑐ℎ𝑜𝑖𝑐𝑒) =  
𝑒𝑈∗/𝑠

𝑒
𝑈1/𝑠 

+𝑒
𝑈2/𝑠 

+⋯+ 𝑒
𝑈9/𝑠 
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where 𝑈1, 𝑈2, … , 𝑈9 are utilities of the nine alternatives in a choice set under 

𝛿, 𝛽, and 𝛼, and 𝑠 is a noise parameter in each choice. 𝑈∗ is the utility of the 

chosen alternative. We also calculate model-based time inconsistency as (𝜏 =

1 − |𝛽|), consistent with the model-free measure used in our descriptive analysis. 

4. Results 

In both experiments, we recruited participants through the ORSEE (Greiner, 

2015) at the Institute of Social and Economic Research, the University of Osaka. 

In Experiment 1, a total of 184 participants completed the first session on 

November 24, 2022. Ultimately, 165 participants completed the experiment and 

were included in the analyses (35% female, age range: 18–36 years, with an 

average of 22.1 years).8 In Experiment 2, a total of 325 participants completed 

the first session on December 23, 2024. Ultimately, 278 participants completed 

the experiment (46% female, age range: 18–43 years, with an average of 22.6 

years).9  

 

 

8 18 participants who did not complete the experiment appropriately, 15 in the effort 

conditions failed to complete the required effort tasks, and three in the money conditions 

did not follow the monetary transaction procedures as instructed. One participant who did 

not pass our attention check was also excluded. 

9 A total of 47 participants withdrew during the course of the experiment. Among these 

47 participants, 12 were in the Money-gain condition, 11 in the Money-loss condition, 14 

in the Effort-gain condition, and 10 in the Effort-loss condition. These withdrawals 

include participants who did not complete the experiment appropriately, those in the 
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Table 1 outlines the demographic and other pertinent characteristics of 

the participants between the two treatments in both experiments, highlighting 

selected variables, while a comprehensive list of additional variables is provided 

in Table C1 in the Appendix. None of the variables significantly differ between 

treatments (t-test, all p-values greater than 0.1). 

Insert Table 1 about here. 

Insert Figure 4 about here. 

4.1. Descriptive Analysis 

Figure 4 reports the mean proportions of allocations to sooner dates and 

their standard errors for each condition (Money-gain, Money-loss, Effort-gain, 

and Effort-loss) in Experiments 1 (top) and 2 (bottom).10 The left and right panels 

show the results of Sets 1 and 2, respectively. The overall patterns between the 

two sets are similar, implying that preferences were not affected much by the two 

different budget sets. The proportion of allocation to sooner dates decreases as R 

increases in gain conditions, while the proportion to later dates increases as R 

increases in loss conditions, consistent with the law of demand. 

 

 

effort conditions who failed to complete the required effort tasks, and those in the money 

conditions who did not follow the monetary transaction procedures as instructed. None 

of the participants failed the attention check. 

10 The proportion of the allocation is calculated by 
1

1+𝑅
xs

∗/ 𝐵   for Set 1 and xs
∗/𝐵  for 

Set 2 where 𝑥𝑠
∗ is an amount allocated to the sooner. Both take 0 when allocate all to the 

later and 1 when allocate all to the sooner. 
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Table 2 reports the descriptive measures in the four conditions. In both 

experiments, the mean Impatience ranges from 0.39 to 0.44 in all conditions, 

indicating that our participants allocated a substantial amount to the later (sooner) 

dates when allocating gain (loss) outcomes. The median value of Impatience for 

monetary gains in Cheung et al. (2022) is 0.39, which is close to our value (0.39), 

indicating our results in this condition are compatible with the previous finding. 

The results across the two experiments in Table 2 are largely similar, except for 

a slightly higher preference for smoothness observed in the Effort treatment of 

Experiment 2. 

Insert Table 2 about here. 

The solid lines in Figure 4 describe the allocations in Week 3 (with front-

end-delay), and the dotted lines describe the allocations in Week 4 (no front-end-

delay). In the gain condition, present-biased subjects are expected to allocate 

more pleasant outcomes to the sooner date in Week 4; thus, the dotted lines would 

be above the solid lines. In the loss conditions, present-biased subjects are 

expected to allocate more unpleasant outcomes to the later date in Week 4; thus, 

the dotted lines would be below the solid lines. However, such patterns are not 

clearly observed in either treatment. Indeed, the mean PB is nearly zero in all four 

conditions in both experiments (t-test, all p-values greater than 0.1), indicating 

that our participants’ allocation remained unchanged from Week 3 to Week 4 on 

average. This absence of present bias in monetary choices is consistent with prior 

findings. However, the lack of present bias in effort choices counters established 

literature on the topic (Imai et al., 2021). 

Insert Table 3 about here. 

Table 3 describes the frequencies of present-biased, future-biased, and 

neutral (PB = 0) participants. In the Effort treatment, only 21.1% of observations 
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are categorized as neutral in both gain and loss domains, whereas in the Money 

treatment, 58.4% of observations in the gain domain and 50.6% in the loss 

domain are classified as neutral in Experiment 1. This pattern becomes even more 

pronounced in Experiment 2: fewer than 20% of observations in the Effort 

treatment are neutral across both domains, compared to more than 54% in the 

Money treatment. These findings suggest a higher degree of dynamic 

inconsistency in effort-based choices. 

Next, we examine the preference for smoothness. As depicted in Figure 

4, almost all outcomes were allocated to the sooner date when (1 + R) was less 

than 1 and allocated to the later date when (1 + R) was more than 1 in the Money 

treatment in both experiments. However, a less extreme pattern was found for the 

Effort treatment, with the allocation to the sooner date gradually decreased as R 

increased. A similar pattern was observed for the loss conditions. The sooner 

allocation progressively increased as R rose, while in the Money treatment, nearly 

all monetary losses were allocated to the later date when 1 + R was less than 1 

and to the sooner date when 1 + R was more than 1. This pattern aligns with the 

findings reported by Augenblick et al. (2015) for smoothness in the Money-gain 

and Effort-loss conditions. In the Money-gain condition, most money was 

allocated to the sooner date when the interest rate was negative, and to the later 

date when the interest rate was positive. However, this pattern was less 

pronounced in the Effort-loss condition. This trend is further supported by the 

smoothness index shown in Table 2. The mean value of Smooth was 

approximately 0.1 in Money and more than 0.3 in Effort. This indicates a higher 

inclination towards balanced allocations in the effort choices compared with the 

monetary ones, providing evidence of a greater preference for smoothness in the 

former. 

Insert Table 4 about here. 
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4.1.1. Sign-dependent Preferences. To examine sign-dependent preferences, we 

used our descriptive measures to compare the gain and loss domains separately 

within monetary and effort choices to avoid any unnecessary confounds. The 

findings are presented in Columns (1) and (2) of Table 4. 

In Experiment 1, participants displayed greater impatience for gains 

compared with losses in the Money treatment (paired t-test, p = 0.002), consistent 

with the sign effect (Frederick et al., 2002).11 

Sign-dependence was also observed in the Effort treatment (p = 0.03), 

but participants were more impatient in the loss than in the gain domain. This 

finding contradicts the sign effect. By contrast, we found no evidence of sign-

dependent preferences in either PB or TI for either treatment (PB: p = 0.62 in the 

Money treatment and 0.58 in the Effort treatment; TI: p = 0.12 in the Money 

treatment and 0.73 in the Effort treatment). Smooth in the loss domain was larger 

than in the gain domain in the Effort treatment (p = 0.006), but the difference was 

not significant in the Money treatment (p = 0.22). 

In Experiment 2, unlike in Experiment 1, we found no evidence of sign-

dependent time preferences in either the monetary or effort conditions, as none 

of the indices were statistically significant (all p values > 0.1, t-test). 

Given that participants answered the questions in both gain and loss 

domains in Experiment 1, we can examine the relationship between these 

domains at the individual level—an analysis that is not possible in Experiment 2. 

 

 

11 Note that while we employ paired t-tests in comparing gain and loss domains within 

each outcome in Experiment 1 because of within-subject nature of the experiment, we 

employ two-sample t-tests for all the other comparisons in Experiment 1 and 2.  
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Figure 5 shows the correlation between the two domains for each index in both 

treatments. In the Money treatment, there is no clear correlation for any of the 

indices between the two domains, suggesting that time preferences for monetary 

gains and losses are almost independent of each other. By contrast, each index in 

the Effort treatment shows a strong positive correlation between the two domains, 

indicating that preferences are similar across both domains when it comes to 

effort choices. Furthermore, the values for each index are much more dispersed 

for Effort, reflecting considerable heterogeneity in the effort choices as noted 

above. 

Insert Figure 5 about here. 

4.1.2. Outcome-dependent Preferences. Next, we compare indices in monetary 

choices with those in effort choices within either the gain or loss domains as 

shown in Columns (3) and (4) of Table 4. 

In Experiment 1, Impatience does not significantly differ between 

monetary and effort choices in the gain domain (t-test, p = 0.4). By contrast, 

impatience in monetary choices is significantly lower than in effort choices 

within the loss domain (p = 0.003). 

In addition, Smooth is higher for effort choices than for monetary choices 

(p < 0.001 in both domains). While we do not identify outcome-dependent 

preferences in terms of PB in either the gain or loss domains (p = 0.58 and 0.26, 

respectively), we observe significant outcome-dependent preferences in terms of 

TI in both domains (p < 0.001). In Column (5) of Table 4, we additionally 

compare preferences between the Money-gain and Effort-loss conditions as in 

Augenblick et al. (2015). PB is not significantly different between these 

conditions, thereby failing to support our first hypothesis. However, TI, 

Impatience, and Smooth are higher in the Effort-loss condition than in Money-
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gain condition (p < 0.001, p = 0.04, and p < 0.001 for TI, Impatience, and Smooth, 

respectively).  

Additionally, Figure 4 reveals narrower error bars for monetary 

conditions and wider ones for effort conditions, indicating that heterogeneity is 

much smaller in the monetary conditions. This pattern aligns with the findings of 

Augenblick et al. (2015).   

The results of Experiment 2 are largely consistent with those of 

Experiment 1. Smooth is higher for effort choices than for monetary choices (p < 

0.001 in both domains). While we do not identify outcome-dependent preferences 

in terms of PB in either the gain or loss domains (p = 0.051 and 0.43, respectively), 

TI is higher for effort choices in both domains (p < 0.001). When comparing the 

Money-gain and Effort-loss conditions, PB is not significantly different between 

the two (p = 0.50), while TI is significantly higher in the Effort-loss condition (p 

< 0.001). Furthermore, Smooth is significantly higher (p < 0.001) in the Effort-

loss than in the Money-gain condition. Contrary to Experiment 1, in Experiment 

2, Impatience does not differ significantly between monetary and effort choices 

in either the gain or loss domain (p = 0.37 and p = 0.16, respectively) nor does it 

differ between the Effort-loss and Money-gain conditions (p = 0.33). 

4.2. Parameter Estimations 
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Next, we report the results of our parameter estimations of the quasi-hyperbolic 

model with CRRA utility function at the individual level. 12 , 13  Overall, the 

findings are consistent with those based on descriptive measures reported above. 

Insert Figure 6 about here. 

The results are summarized in Figure 6 for Experiments 1 (top) and 2 

(bottom). We found the medians of δ and β to be one across the four conditions. 

The interquartile ranges are larger in the Effort treatment than the Money 

treatment for all parameters, indicating a more pronounced heterogeneity in the 

Effort treatment than in the Money treatment (Brown–Forsythe test; p < 0.001 in 

both the gain and the loss domains). The results suggest a greater prevalence of 

time-inconsistent behaviors in decisions involving effort.  

In both Money and Effort treatments of Experiment 1, the median value 

of α is negative in the loss domain, indicating concavity in utility for losses 

(sign-rank test; p = 0.02 in the Money treatment and p = 0.001 in the Effort 

treatment). In the gain domain, the median values of α are positive but not 

 

 

12 In alignment with the methodology set forth by Cheung et al. (2022), we imposed 

bounds on the estimates for 𝛿, 𝛽, and  𝛼 within the ranges of 0.1 to 10, 0.05 to 20, and 

–10 to 10, respectively. The number of subjects whose estimated parameters approached 

the boundary (within a distance of 0.001) was as follows: zero out of 89 for both pleasant 

and unpleasant domains in the monetary choices. In the effort choices, the numbers were 

14 and 12 out of 76 for the pleasant and unpleasant domains, respectively. A further 

breakdown in the effort condition revealed that four and three subjects approached the 

boundary for 𝛿 , 11 and eight subjects for 𝛽, and zero and one subject for 𝛼 in the 

pleasant and unpleasant conditions, respectively. 

13 We conducted an aggregate analysis as well, which is presented in Appendix A. 
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significantly different from 0 in both treatments (p = 0.21 in the Money treatment 

and p = 0.15 in the Effort treatment). The small interquartile range of α in the 

monetary choices indicates little heterogeneity regarding utility curvature. These 

results for the utility curvature are consistent with Abdellaoui et al. (2013, 2018).  

We also tested for sign-dependent preferences using the sign-rank test. 

First, δ is significantly different between the two domains for monetary choices 

(p = 0.02) but not statistically different for effort choices (p = 0.07). Second, β 

and time inconsistency 𝜏  are not significantly different between the two 

domains in either treatment (p = 0.97 in the Money treatment and 0.42 in the 

Effort treatment for β; p = 0.07 in the Money treatment and 0.61 in the Effort 

treatment for τ). The difference in α between the gain and loss domains is not 

statistically significant for either monetary or effort choices (p = 0.50 for money 

and p = 0.08 for effort). 

In monetary choices, the correlations between domains are not strong 

(ρ = 0.1 for δ and –0.02 for β). However, in effort choices, these parameters 

show a moderate positive correlation (ρ = 0.53 for δ and ρ = 0.69 for β). 

Next, we examine outcome-dependent preferences using the Mann–

Whitney test.  is significantly different between the two types of outcomes in 

both domains (p = 0.004 in the gain and p < 0.001 in the loss), thereby confirming 

that utility curvature varies between monetary and effort choices. δ differs 

significantly only in the gain domain (p = 0.02), but not in the loss domain (p = 

0.18). Finally, β exhibits no significant difference between outcomes in either 

domain (p = 0.72 in the gain domain and 0.15 in the loss domain). In contrast, 

τ shows a significant difference between outcomes in both domains (p < 0.001). 

In Experiment 2, as in Experiment 1, the median value of α is negative in 

the loss domain and positive in the gain domain. It is significantly different from 
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0 in the Effort-gain and Effort-loss conditions (p < .001 for both), but not in the 

Money-gain (p = .07) or Money-loss (p = .89) conditions. 

The results of Experiment 2 are largely consistent with those of 

Experiment 1 regarding sign-dependent and outcome-dependent preferences as 

well, though some slight differences were observed. As for sign-dependent 

preferences, we find that δ differs significantly between the gain and loss domains 

for monetary choices (p = 0.003), but not for effort choices (p = 0.60). β does not 

differ significantly between the two domains in either treatment (p = 0.08 in the 

Money treatment and p = 0.15 in the Effort treatment). τ also shows no significant 

difference between domains in the Effort treatment (p = 0.70), whereas a 

significant difference was observed in the Money treatment (p < 0.001), unlike in 

Experiment 1. For α, the difference between domains is not significant in the 

Money treatment (p = 0.20), but is significant in the Effort treatment (p < 0.001), 

in contrast to Experiment 1. 

In terms of outcome-dependent preferences, α is significantly different 

between the two types of outcomes in both domains (p < 0.001 for gains and 

losses). δ shows a significant difference between outcomes only in the gain 

domain (p = 0.048 for gain and p = 0.82 for loss). τ also differs significantly 

between outcomes in both domains (p < 0.001). Finally, β shows a significant 

difference between outcomes in the gain domain (p = 0.012), while no significant 

difference is observed in the loss domain, unlike in Experiment 1 (p = 0.89) 

 

5. Preference as a Predictor of Economic Behaviors 

We now shift our focus to the relationship between specific indicators of time 

preference—for both money and effort across gain and loss domains—and 

behaviors outside of the experimental setting. These behaviors were elicited 



31 

 

through the questionnaire administered in Week 5 across the different 

experimental conditions and outcome domains. 

Bartels et al. (2023) examine a wide range of behaviors and suggest their 

correlations with experimentally measured discount rates are frequently modest 

and sometimes even negligible. A plausible reason for this limited correlation is 

the methodology employed by Bartels et al. and many earlier studies, which 

predominantly use choices involving monetary gains to measure time preferences. 

However, most real-world intertemporal choices encompass diverse outcomes 

and domains, for example, when choosing to exercise involves short-term effort 

for long-term health benefits. 

As our analyses have demonstrated, time preferences are dependent on 

outcome and sign to some extent and exhibit considerable heterogeneity at the 

individual level. Therefore, some behaviors may only correlate with time 

preferences when outcome type and domain are taken into account. 

We employed multiple linear regression to analyze behavior, using the 

estimated time preference parameters  and β as predictors and demographic 

variables as controls.14 

 In our analysis, we report here that consistent findings across 

Experiments 1 and 2 on behaviors that have previously been shown to correlate 

with experimentally measured time preferences—such as educational attainment 

(Duckworth & Seligman, 2005; Falk et al., 2018; Reed & Martens, 2011), and 

eating behaviors (Appelhans et al., 2012; McClelland et al., 2016)—as well as 

 

 

14 We employed age, age squared, and two dummy variables indicating female and 

graduate students as our control variables.   
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those with mixed findings, such as BMI and obesity (Barlow et al., 2016; Cheung 

et al., 2022; Weller et al., 2008). 

Our analysis reveals notable correlations between measured time 

preferences and the three types of behaviors. These correlations are consistent 

across both experiments. Table 5 indicates that the patience parameter, , among 

Effort-gain conditions, is negatively correlated with BMI. That is, individuals 

with a higher level of patience have smaller BMI. We also found that  in effort-

based decisions is positively correlated with grade point average (GPA), whereas 

its monetary counterpart is not. This suggests that a greater level of patience in 

effort-related decisions is indicative of higher academic performance. This 

conclusion is not entirely aligned with previous results (e.g., Cheung et al., 2022) 

that showed a positive correlation between patience in monetary choices and 

grades. Furthermore, δ in the Money-loss condition is negatively correlated 

with binge eating, a pattern not observed in 𝛿  estimates from the other 

conditions. This suggests that individuals who are less patient in this context are 

prone to binge eating. 

These three behavioral measures—BMI, GPA, and binge eating—show 

consistent correlations with time preferences, though notably only under specific 

conditions. However, results for other behavioral variables were either 

inconsistent between the two experiments or statistically insignificant. Additional 

findings are presented in Table E1, including behaviors previously linked to time 

preferences, such as alcohol use (Bradford et al., 2017; Sutter et al., 2013; 

Vuchinich & Simpson, 1998), savings (Angeletos et al., 2001; Bradford et al., 

2017; Sutter et al., 2013), and exercise (Bradford, 2010; Bradford et al., 2017). 



33 

 

These results imply that time preference parameters may not be robust 

predictors for certain behaviors, aligning with the findings of Bartels et al. (2023), 

even after accounting for outcome- and sign-dependence time preferences. 

Insert Table 5 about here. 

6. Summary and Discussion 

To explore the foundational differences in time preferences between monetary 

and effort-related choices, we undertook a methodologically rigorous experiment. 

To test our hypotheses related to outcome- and sign-dependence of time 

preferences, this research employed a 2  2 experimental design that contrasts 

two types of outcomes—money and effort—and two domains of experience—

gain and loss. Drawing on the framework by Bosch-Domènech & Silvestre 

(2010), our design permitted the incentivization of all decision-making, even 

those involving future monetary losses, while minimizing potential biases.  

Our detailed analysis using descriptive measures led to several key 

findings. Unlike Imai et al. (2021), both of our experiments consistently found no 

evidence of present bias on average across any of the four experimental 

conditions. Our study also identified sign-dependence in impatience in both 

monetary and effort choices in Experiment 1. However, we did not observe such 

sign dependence in Experiment 2. 

Furthermore, our results indicate outcome-dependence. Although we did 

not find a difference in present bias between effort and monetary choices, we did 

observe a significantly higher degree of time inconsistency in effort-based 

choices compared to monetary ones. Participants also showed a stronger 

preference for smoothness in effort-based decisions than in monetary ones. At the 
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individual level, the correlation between gain and loss domains was notably 

stronger for effort choices than for monetary choices. 

6.1. Absence of Present Bias Across Monetary and Effort Decisions 

Our analysis revealed an absence of present bias in both monetary and effort 

choices, which merits further discussion. One possible explanation is the 

composition of our sample, which consisted of Japanese university students. 

However, we found no clear evidence suggesting that present bias in a Japanese 

sample differs substantially from that observed in other populations. Various 

studies have indicated that individuals from Eastern cultures, such as Japan, tend 

to discount future rewards less than their Western counterparts (Du et al., 2002; 

Ishii et al., 2017; Kim et al., 2012; Takahashi et al., 2010). These findings suggest 

that Japanese individuals may be more willing to delay gratification compared to 

their Western counterparts. However, the estimated present bias in monetary 

choices in Sawada & Kuroishi (2015) aligns closely with the average bias 

observed in a meta-analysis by Imai et al. (2021)15

 

 

15 The participants in Sawada and Kuroishi’s (2015) study resided in Iwanuma city, 

Miyagi prefecture. The city suffered damage from the 11th March 2011 Great East Japan 

Earthquake. Their research was carried out in May 2014. They found that the impact of 

the earthquake-induced disaster damage on present bias was not statistically significant. 
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Another possibility is that the initial amount of money or effort (2,000 

units) was disproportionately large relative to the subsequent options. The highest 

value among the options was 1,510 in Experiment 1 and 1,661 in Experiment 2, 

which is nearly the maximum possible value of 2,000. Therefore, we do not 

believe that the relative differences between the initial amounts and the values in 

the options significantly influenced the results. This interpretation is supported 

by Abdellaoui et al. (2018) investigating time preferences in working time, which 

detected a significant present bias even when the initial value was set at 4 hours 

(with options varying by up to ±3 hours). Moreover, our additional analysis 

supports the assumption that participants updated their reference points, 

indicating they did not consider the initial 2,000 units in their intertemporal 

decision-making process (refer to Appendix B for details). 

6.2. Absence of Sign-dependent Time Preferences in Experiment 2 

Although our first experiment revealed sign-dependent impatience, this effect did 

not appear in the second experiment, which used a between-subjects design. This 

raises important questions regarding the conditions under which the sign effect 

in time preferences emerges. 

Notably, previous studies have identified sign effects using between-

subjects designs. For example, Mansell et al. (2024), Appelt et al. (2011), and 

Yoon and Chapman (2015) reported sign-dependent differences in monetary 

choices, while MacKeigan et al. (1993) found similar effects in health-related 

decisions. However, all these studies relied on hypothetical scenarios, which are 

known to be susceptible to hypothetical bias. The lack of real incentives in such 

studies is likely to inflate the observed effects or introduce inconsistencies in 

participants’ decision-making (Krause & Schmidt, 2023). In contrast, our 
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incentivized study minimizes these potential biases. This procedure may have 

resulted in a smaller sign effect compared to the studies mentioned above.  

The absence of sign-dependent effects in our between-subjects design 

may be attributed to several factors. Within-subjects designs—like that used in 

Experiment 1—require participants to make decisions in both gain and loss 

domains, prompting direct comparisons between the two. This setup likely 

increases the salience of sign-related differences, thereby enhancing the 

detectability of the sign effect. In between-subjects designs, such as in 

Experiment 2, participants are only exposed to one domain, which may reduce 

their sensitivity to such differences. This explanation is consistent with findings 

on scope insensitivity (e.g., Hsee & Rottenstreich, 2004), where individuals fail 

to appropriately scale their responses when comparisons are not made salient. 

This may suggest that sign dependence is relatively weak, despite the sign effect 

being documented in many earlier studies. 

6.3. Limitations of the Incentivization Method in the Loss Condition 

One potential concern in our design is the possibility that participants might try 

to avoid the required payments in the monetary loss condition—for example, by 

choosing not to complete the PayPay transfer after incurring a loss in Week 5. 

While this could raise concerns about the credibility of the loss framing, in 

practice, most participants adhere to the rules and made the necessary payments. 

We believe this compliance was largely due to two factors: first, we clearly 

communicated during recruitment that participants were expected to 

appropriately complete all parts of the five-week study; second, the completion 

reward, which included a preferred item valued at approximately 5,000 yen, was 

sufficiently attractive to motivate participation, including making the required 

payments. Although our method relies on participant compliance, other 
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incentivization methods—such as providing an initial windfall endowment—face 

similar challenges. Therefore, we consider our two-stage design a practical and 

effective method for incentivizing intertemporal loss decisions 

6.4. Time Preferences and Real-World Behaviors: Interpretation and Limitations    

We found that three behavioral measures—BMI, GPA, and binge eating—show 

consistent correlations with time preferences, but only under specific conditions. 

This finding has important implications for policy design. For example, since 

BMI is only correlated with δ in the Effort-gain condition, interventions aimed at 

improving BMI may be more effective if they target individuals' time preferences 

regarding effort and leisure decisions. In contrast, correlations between time 

preferences and other behavioral variables were weak or inconsistent.  

It is important to note that these correlations are contemporaneous; both 

time preferences and behaviors were measured at the same point in time. How 

time preferences predict future behavior may differ substantially. It is therefore 

worthwhile to examine the predictive validity of outcome- and sign-dependent 

time preferences for actual future behaviors in longitudinal studies.  
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Appendix 

A. Pooled-Data Parameters Estimated by Maximum Likelihood Estimations 

(MLEs) 

Experiment 1 

Table A.1 reports the MLEs for the Money and Effort treatments, using pooled 

data. The four parameters of the time preferences are estimated for each model. 

The estimated present bias β is not statistically different from 1 in all models (as 

shown by the Wald test reported in the last row). The result is consistent with the 

findings based on our descriptive measures. 

Insert Table A1 about here. 

The models in the table present regression results of MLEs. Models 1 and 

4 are results in the gain domain, Models 2 and 5 are the results in the loss domain, 

and Models 3 and 6 include both domains. Models 3 and 6 include the ‘loss’ 

dummy variable associated with the loss domains, to assess sign-dependent 

preferences. 

We did not find that the discount factor δ was significantly less than one 

in either the Money treatment (p =0.10, Model 1), or the Effort treatment (p = 

0.30, Model 4) for gains. The utility curvature α dose not significantly differ 

from 0 for both gains and losses in the Money treatment (p = 0.20, Model 1; p = 

0.11, Model 2, respectively). The value is not significantly different from 0 in the 

Effort-loss condition (p = 0.11, Model 5), but is significantly negative in the 

Effort-gain condition (p = 0.02, Model 4) 

This suggests that, our subjects exhibited a linear utility function, except 

for pleasant outcomes in the Effort treatment where we observed a convex utility 

function. This result in this particular condition is not in line with previous studies, 
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representing a unique feature of our methodology using CTB and MLE. It is 

critical, however, to note that this deviation occurs at the aggregate level, and we 

found that the majority of individuals indeed possess concave utility functions 

when considering individual-level data as we discussed in the main analysis.  

In the Money treatment, δ  is significantly larger for the unpleasant 

outcomes than for the pleasant ones (p = 0.002, Model 3). The results are 

consistent with the findings of the descriptive measures. However, no sign-

dependent preference in terms of δ is found in the Effort treatment, whereas 

Impatience was significantly higher for losses in the descriptive measures (p = 

0.87). In addition, we do not find a significant difference for β between the gain 

and loss domains in both Money and Effort treatments (p = 0.58 for both 

treatments). This finding is again consistent with the results of our descriptive 

measure. 

Experiment 2 

In both the money and effort choices, δ is not significantly different 

between the gain and loss domains (p = 0.34 for the monetary choices; p = 0.83 

for the effort choices). Similarly, no significant differences were found in β 

between the gain and loss domains for either money or effort choices (p = 0.69 

for the monetary choices; p = 0.19 for the effort choices). This is consistent with 

the results of our descriptive measure, no sign-dependent time preferences of 

Impatience and PB in Experiment 2.  
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B. Robustness Check 

Analysis without the assumption of updated reference points 

In Week 1 of the experiment, participants in the Effort treatment committed to 

transcribing 2,000 numbers during Weeks 4 and 5. The intent behind this design 

was to offer flexibility in task quantity, thereby creating a gain domain in effort 

choices. 

In the analysis presented in the main text, we operated under the 

assumption that participants used this 2,000-number commitment as a reference 

point during their allocation decisions. Such an assumption is well-founded in 

existing literature (see Augenblick et al., 2015 and Abdellaoui et al., 2018). 

Furthermore, the seminal work by Kahneman and Tversky (1979) suggests that 

individuals updated their reference points in choices involving risk. 

However, it is possible that participants did not update their reference 

points when making allocation decisions. That is, participants might have 

considered the entire 2,000 numbers as the baseline for all tasks. For example, in 

the loss domain, the allocation question presented the options of adding 675 

numbers in Week 4 and 250 in Week 5. However, participants could have 

integrated these quantities into the initial 2,000-number commitment, effectively 

considering tasks of 2,675 numbers in Week 4 and 2,250 in Week 5. 

To assess the robustness of our initial assumptions, we re-estimate the 

time preference parameters using MLEs without assuming that reference points 

have been updated. We then compare the model fit of this revised approach with 

the original model to gauge the validity of our initial assumptions. 

Table B.1 presents model-fitting indices, namely the Akaike information 

criterion (AIC) and Bayesian information criterion (BIC), for regression models 

both with and without the reference point assumption. Across all model fittings 
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in Experiment 1 (Table B.1, Top), the indices favor the model that incorporates 

the reference point assumption. This lends credence to our initial assumption, 

suggesting that participants are likely to have updated their reference points when 

making allocation decisions. Similarly, in Experiment 2 (Table B.1, Bottom), the 

reference point model is favored in all cases except for the loss domain.  

Insert Table B1 about here. 
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TABLE 1. The summary table of demographic and behavioral variables in two 

experiments. 

 

(a) Experiment 1 

Variables  
Money 

Mean 

 

SD 

 

N 

Effort 

Mean 

 

SD 

 

N 
t p 

Age 22.00 (2.15) 87 22.32 (3.06) 76 –0.77 (0.44) 

Female 0.39 (0.49) 89 0.30 (0.46) 76 1.21 (0.23) 

College 0.36 (0.48) 89 0.25 (0.44) 76 1.52 (0.13) 

BMI 21.52 (4.89) 88 21.23 (2.58) 74 0.46 (0.64) 

GPA 2.93 (0.53) 83 2.95 (0.64) 75 –0.20 (0.84) 

Saving_rate 28.99 (24.91) 89 33.75 (24.22) 76 –1.24 (0.22) 

Matrix_score 1.96 (1.12) 89 1.74 (1.16) 76 1.23 (0.22) 

Rotation_score 0.82 (1.14) 89 0.86 (1.05) 76 –0.20 (0.84) 

 

(b) Experiment 2 

Variable MG  

Mean 

(SD) 

(n=60) 

ML  

Mean 

(SD) 

(n=75) 

EG  

Mean 

(SD) 

(n=73) 

EL  

Mean 

(SD) 

(n=70) 

Kruskal-Wallis 

p-value 

Age 22.62  

(2.50) 

22.54  

(3.45) 

22.56  

(2.75) 

22.54  

(2.69) 

0.87 

Female 0.48  

(0.50) 

0.43  

(0.50) 

0.42  

(0.50) 

0.51  

(0.50) 

0.74 

Grad 0.30  

(0.46) 

0.28  

(0.45) 

0.29  

(0.46) 

0.36  

(0.48) 

0.85 

BMI 20.48  

(2.25) 

20.50  

(2.31) 

20.35  

(2.49) 

19.91  

(2.14) 

0.31 

GPA 2.96  

(0.73) 

2.97  

(0.66) 

2.94  

(0.69) 

3.01  

(0.58) 

1.0 

Saving_Rate 28.83  

(20.79) 

30.33 

(20.47) 

28.75 

(22.58) 

28.66  

(22.95) 

0.84 

Matrix_Score 1.97  

(1.04) 

1.96  

(1.06) 

2.23  

(1.25) 

2.00  

(1.01) 

0.43 

Rotation_Score 0.82  

(1.02) 

1.05  

(1.24) 

0.81  

(1.06) 

0.81  

(1.05) 

0.72 

 

Notes: ‘Saving_rate’ refers to the proportion of the monthly salary that participants saved. 

‘Matrix_score’ represents the scores derived from four matrix reasoning items. 

‘Rotation_score’ captures the scores from four assessments involving three-dimensional 

rotation tasks. 
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TABLE 2. The summary statistics of descriptive measures, by condition. 

(a) Experiment 1 

 (1) (2) (3) (4) 

 Money-Gain Money-Loss Effort-Gain Effort-Loss 

 mean/sd mean/sd mean/sd mean/sd 

Impatience 0.41 0.39 0.42 0.44 

 (0.04) (0.04) (0.16) (0.17) 

PB –0.00 0.00 –0.01 –0.02 

 (0.04) (0.07) (0.22) (0.21) 

TI 0.02 0.03 0.12 0.11 

 (0.04) (0.06) (0.18) (0.18) 

Smooth 0.10 0.11 0.31 0.35 

 (0.07) (0.10) (0.28) (0.30) 

N 89 89 76 76 

 

(b) Experiment 2 

 (1) (2) (3) (4) 

 Money-Gain Money-Loss Effort-Gain Effort-Loss 

 mean/sd mean/sd mean/sd mean/sd 

Impatience 0.41 0.40 0.43 0.43 

 (0.04) (0.09) (0.21) (0.19) 

PB 0.01 0.01 -0.05 -0.01 

 (0.05) (0.08) (0.23) (0.19) 

TI 0.02 0.03 0.14 0.13 

 (0.05) (0.08) (0.19) (0.15) 

Smooth 0.12 0.17 0.43 0.48 

 (0.16) (0.24) (0.29) (0.32) 

N 60 75 73 70 
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TABLE 3. Present-biased and future-biased individuals. 

 

(a) Experiment 1 

  (1) (2) (3) (4) 

  MG ML EG EL 

  count/% count/% count/% count/% 

Present-biased 19 26 37 24 

  (21.35%) (29.21%) (48.68%) (31.58%) 

Neutral 52 45 16 16 

  (58.43%) (50.56%) (21.05%) (21.05%) 

Future-biased 18 18 23 36 

  (20.22%) (20.22%) (30.26%) (47.37%) 

Total 89 89 76 76 

  (100.00%) (100.00%) (100.00%) (100.00%) 

 

(b) Experiment 2 

  (1) (2) (3) (4) 

  MG ML EG EL 

  count/% count/% count/% count/% 

Present-biased 16 19 23 31 

  (26.67%) (25.33%) (31.51%) (44.29%) 

Neutral 36 41 11 6 

  (60.00%) (54.67%) (15.07%) (8.57%) 

Future-biased 8 15 39 33 

  (13.33%) (20.00%) (53.42%) (47.14%) 

Total 60 75 73 70 

  (100.00%) (100.00%) (100.00%) (100.00%) 

Notes: Each column represents one of the four conditions. MG stands for Money-gain, 

ML for Money-loss, EG for Effort-gain, and EL for Effort-loss. 
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TABLE 4. The mean differences of the three descriptive measures. 

 

(a) Experiment 1 

 

(b) Experiment 2 

 
Notes: Standard errors in parentheses; *, **, and *** denote statistical significance at the 

10%, 5%, and 1% levels, respectively. 

 (1) (2) (3) (4) (5) 

 MG - ML 

 

EG - EL MG - EG ML - EL MG - EL 

 

Impatience 0.02*** –0.02** –0.01 –0.06*** –0.04** 

 (0.01) (0.01) (0.02) (0.02) (0.02) 

PB 0.00  0.01  0.01 0.03 0.02 

 (0.01) (0.02) (0.02) (0.02) (0.02) 

TI -0.01 0.00 -0.10*** -0.08*** -0.10*** 

 (0.01) (0.01) (0.02) (0.02) (0.02) 

Smooth –0.01  –0.04*** –0.21*** –0.24*** –0.25*** 

 (0.01) (0.02) (0.03) (0.03) (0.03) 

N 178 152 165 165 165 

 (1) (2) (3) (4) (5) 

 MG - ML 

 

EG - EL MG - EG ML - EL MG - EL 

 

Impatience 0.01 0.00 -0.03 -0.03 -0.02 

 (0.01) (0.03) (0.03) (0.02) (0.03) 

PB 0.00 -0.04 0.06* 0.02 0.02 

 (0.01) (0.04) (0.03) (0.02) (0.03) 

TI -0.01 0.01 -0.12*** -0.09*** -0.10*** 

 (0.01) (0.03) (0.03) (0.02) (0.02) 

Smooth -0.05 -0.05 -0.31*** -0.31*** -0.36*** 

 0.04 0.05 (0.04) (0.05) (0.05) 

N 135 143 133 145 130 
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TABLE 5. Relationship between 𝛿 and 𝛽 and Self-Reported Everyday Behaviors in Experiment 1 (Top) and Experiment 2 (Bottom). 

Experiment 1 Money-gain  Money-loss  Effort-gain  Effort-loss  

DV: BMI         

𝛿 -3.61 (6.66) -4.47 (7.70) -0.29* (0.16) -0.04 (0.23) 

𝛽 -2.77 (1.70) 4.55 (3.34) -0.09 (1.14) 0.63 (0.84) 

𝑅2 -0.03  -0.02  0.12  0.14  

DV: GPA         

𝛿 -2.88** (1.19) -0.24 (1.03) 0.06** (0.03) -0.04 (0.04) 

𝛽 -0.15 (0.32) -0.47 (0.55) -0.05 (0.18) -0.48*** (0.16) 

𝑅2 0.11  0.04  -0.02  0.04  

DV: Binge_eat        
 

𝛿 -3.77* (2.03) -2.19* (1.23) 0.08 (0.05) 0.08 (0.07) 

𝛽 -0.52 (0.56) -2.07*** (0.62) 0.17 (0.18) 0.52** (0.25) 

𝑅2 0.04  0.02  0.18  0.26  

 

Experiment 2 Money-gain  Money-loss  Effort-gain  Effort-loss  

DV: BMI         

𝛿 -14.04 (11.66) -0.86 (0.81) -0.61*** (0.12) 0.26** (0.13) 

𝛽 -3.89 (4.69) 0.31 (0.56) -0.28 (0.59) 0.74 (0.49) 

𝑅2 -0.03  0.19  0.06  -0.02  

DV: GPA         

𝛿 -3.66 (3.34) 0.25 (0.18) 0.14* (0.07) 0.03 (0.04) 

𝛽 0.49 (0.93) -0.06 (0.33) 0.05 (0.12) 0.28 (0.19) 

𝑅2 -0.09  0.01  0.06  0.22  

DV: Binge_eat        
 

𝛿 4.93 (4.74) -0.33*** (0.09) 0.11 (0.10) 0.04 (0.07) 

𝛽 4.54** (1.73) -0.26 (0.17) 0.03 (0.26) -0.05 (0.18) 

𝑅2 0.09  0.23  0.10  0.08  

Notes: Standard errors in parentheses; *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively. The behavioural variables were 

obtained from the survey conducted in Week 5. ‘Binge_eat’ represent the average scores for binge eating, as measured by the Shorter PROMIS Questionnaire (Christo 

et al., 2003). 
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A: Money treatment 

 

B: Effort treatment 

 

FIGURE 1. Experimental schedule for each treatment. 
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FIGURE 2. English translation of an example for the transcription tasks  
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FIGURE 3. English translation of the screenshots of the allocation decisions in Week 4: gain (gain domain) 

of monetary choices with R = 0 (top) and R=0.07 (bottom). 
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(a) Experiment 1 

 

(b) Experiment 2 

 

FIGURE 4. Proportions of allocations in the four conditions for Set 1 (left) and Set 2 (right) in 

Experiment 1 (top) and Experiment 2 (bottom). 
 

NOTE: The solid lines indicate the proportion of the allocations in Week 3, and the dotted lines indicate 

the proportion of the allocations in Week 4. Each bar describes the standard error. 
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A: Money treatment 

Impatience (ρ = 0.09) PB (ρ = −0.14) Smooth (ρ = 0.39) 

   

B: Effort treatment  

Impatience (ρ = 0.83) PB (ρ = 0.77) Smooth (ρ = 0.89) 

   

FIGURE 5. Indices of time preferences based on descriptive measures in money (top) and effort (bottom). 

Note: The values in the gain domain are shown on the x-axis, and the values in the loss domain are shown on the y-axis. The dots represent observations. The red 

lines describe the fitted lines 
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(a) Experiment 1 

 

(b) Experiment 2 

 

FIGURE 6. Boxplots for each parameter from MLEs. 

Note: The left and right edges of each box indicate the first (Q1) and third quartiles (Q3), 

respectively. The line within the box represents the median. Outliers, identified as values 

falling below Q1 minus 1.5 times the interquartile range (IQR) or above Q3 plus 1.5 times 

the IQR, have been excluded in accordance with Tukey’s rule. 
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TABLE A.1. The four parameters of time preferences by MLEs. 

(a) Experiment 1 

 

Money 

(1) 

Gain 

 

(2) 

Loss 

 

(3) 

All 

Effort 

(4) 

Gain 

 

(5) 

Loss 

 

(6) 

All 

δ 0.98*** 1.00*** 0.98*** 1.16*** 1.04*** 1.05*** 

 (0.01) (0.01) (0.01) (0.16) (0.06) (0.09) 

Loss   0.02***   -0.01 

   (0.01)   (0.04) 

β 0.99*** 1.01*** 1.00*** 1.15*** 1.09*** 1.10*** 

 (0.01) (0.01) (0.01) (0.20) (0.11) (0.16) 

Loss   -0.00   -0.03 

   (0.01)   (0.05) 

α -0.10 0.05 -0.08* -0.86** 0.21 -0.49*** 

 (0.08) (0.03) (0.05) (0.35) (0.13) (0.12) 

Loss   0.15***   0.72*** 

   (0.06)   (0.15) 

σ 0.02** 0.01** 0.01*** 0.14* 0.17** 0.12** 

 (0.01) (0.01) (0.00) (0.08) (0.07) (0.06) 

Loss   0.00   0.06 

   (0.01)   (0.04) 

LogLikelihood -2059.30 -2053.95 -4264.67 -5068.75 -5028.18 -10256.98 
Cluster 89 89 89 76 76 76 
N 3204 3204 6408 2736 2736 5472 
p-value:δ = 1 0.103 0.532 0.035** 0.298 0.495 0.577 
p-value:β = 1 0.404 0.368 0.856 0.468 0.393 0.517 

 

(b) Experiment 2 

 

Money 

(1) 

Gain 

 

(2) 

Loss 

 

(3) 

All 

Effort 

(4) 

Gain 

 

(5) 

Loss 

 

(6) 

All 

δ 0.99*** 0.99*** 0.98*** 1.03*** 1.10*** 1.00*** 

 (0.00) (0.01) (0.00) (0.03) (0.05) (0.05) 

Loss   0.00   0.01 

   (0.00)   (0.04) 

β 1.01*** 0.99*** 0.99*** 0.98*** 0.99*** 1.05*** 

 (0.01) (0.01) (0.01) (0.04) (0.05) (0.09) 

Loss   0.00   -0.06 

   (0.00)   (0.05) 

α -0.07*** 0.12*** -0.06*** 0.31*** 0.14 0.11 

 (0.01) (0.01) (0.01) (0.04) (0.12) (0.12) 

Loss   0.14***   0.05 

   (0.02)   (0.07) 

σ 0.02*** 0.06*** 0.02*** 0.08*** 0.37 0.12 

 (0.00) (0.01) (0.01) (0.02) (0.24) (0.08) 

Loss   0.03**   0.01 

   (0.01)   (0.05) 

LogLikelihood -1754.61 -2959.28 -4859.89 -5175.82 -5212.20 -10536.77 
Cluster   135   143 
N 2160 2700 4860 2628 2520 5148 
p-value:δ = 1 0.004 0.066 .001 0.236 0.044 .924 
p-value:β = 1 0.249 0.255 .369 0.579 0.812 .556 

Notes: Clustered standard errors at the individual level are shown in parentheses; *, **, 

and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively. 
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TABLE B.1. Regression analysis with and without the assumption of reference 

point. 

(a) Experiment 1 

 
RP 

Assumption 

RP 

Assumption 

RP 

Assumption 

No RP 

Assumption 

No RP 

Assumption 

No RP 

Assumption 

α -0.42*** 0.25*** -0.42*** 0.90*** 1.41*** 0.39*** 

 (0.10) (0.06) (0.10) (0.16) (0.43) (0.11) 

Loss   0.67***    

   (0.15)    

β 1.04*** 1.03*** 1.04*** 1.05*** 1.03*** 1.04*** 

 (0.07) (0.03) (0.07) (0.07) (0.03) (0.05) 

Loss   -0.02    

   (0.05)    

δ 1.00*** 1.00*** 1.00*** 1.02*** 1.00*** 1.01*** 

 (0.04) (0.02) (0.04) (0.04) (0.02) (0.03) 

Loss   -0.01    

   (0.03)    

Domain Gain Loss Both Gain Loss Both 

LogLikeliho

od 

-5226.71 -5116.24 -10342.94 -5314.36 -5204.94 -10698.05 

Cluster 76 76 76 76 76 76 

N 2736 2736 5472 2736 2736 5472 

AIC 10461.41 10240.47 20701.88 10636.71 10417.88 21404.10 

BIC 10485.07 10264.13 20754.74 10660.37 10441.53 21430.53 

       

 

(b) Experiment 2 

 
RP 

Assumption 

RP 

Assumption 

RP 

Assumption 

No RP 

Assumption 

No RP 

Assumption 

No RP 

Assumption 

α -0.06 -0.01 -0.06 0.11 -0.14 0.04 

 (0.05) (0.04) (0.05) (0.12) (0.23) (0.08) 

Loss   0.05    

   (0.06)    

β 1.07*** 1.01*** 1.07*** 1.07*** 1.01*** 1.03*** 

 (0.04) (0.02) (0.04) (0.04) (0.02) (0.02) 

Loss   -0.06    

   (0.04)    

δ 1.01*** 1.02*** 1.01*** 1.01*** 1.02*** 1.02*** 

 (0.03) (0.02) (0.03) (0.03) (0.02) (0.02) 

Loss   0.01    

   (0.03)    

Domain Gain Loss Both Gain Loss Both 

LogLikeliho

od -5504.38 -5277.41 -10781.79 -5510.70 -5271.69 -10802.19 

Cluster 73 70 143 73 70 143 

N 2628 2520 5148 2628 2520 5148 

AIC 11016.76 10562.81 21579.57 11029.41 10551.39 21612.37 

BIC 11040.26 10586.14 21631.94 11052.90 10574.72 21638.56 

       

Notes: Standard errors in parentheses; *, **, and *** denote statistical significance at the 

10%, 5%, and 1% levels, respectively.  
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C. Additional summary table of demographic and behavioral variables 

TABLE C.1. The summary table of demographic and behavioral variables. 

 

(a) Experiment 1 

Variables 

Mone

y 

Mean 

 

SD 

 

N Effort 

Mean 

 

SD 

 

N 
t P 

Alcohol_day

s 
2.56 (3.62) 89 2.97 (4.31) 76 –0.67 (0.51) 

Alcohol_lot 0.88 (2.16) 89 1.29 (3.92) 76 –0.85 (0.39) 

Alcohol_ave 7.47 (1.43) 89 7.87 (1.99) 76 –1.48 (0.14) 

Sport_often 0.31 (0.47) 89 0.42 (0.50) 76 –1.42 (0.16) 

Unhealthy 0.31 (0.47) 89 0.25 (0.44) 76 0.91 (0.36) 

Binge_eat 3.30 (0.91) 89 3.34 (0.98) 76 –0.25 (0.80) 

Binge_shop 3.50 (0.76) 89 3.52 (0.88) 76 –.13 (0.89) 

 

(b) Experiment 2 

Variable 

MG 

Mean 

(SD) 

(n=60) 

ML  

Mean 

(SD) 

(n=75) 

EG  

Mean 

(SD) 

(n=73) 

EL 

Mean 

(SD) 

(n=70) 

Kruskal-

Wallis p 

Alcohol_days 2.75 2.59 3.40 2.77 0.512 

(-4.08) (-3.72) (-4.46) (-3.96) 

Alcohol_lot 0.37 0.33 0.44 0.33 0.643 

(-0.49) (-0.47) (-0.50) (-0.47) 

Alcohol_ave 7.75 7.57 7.97 7.53 0.318 

(-1.40) (-1.66) (-1.79) (-1.52) 

Sport_often 0.42 0.39 0.45 0.4 0.913 

(-0.50) (-0.49) (-0.50) (-0.49) 

Unhealthy 0.27 0.27 0.18 0.31 0.556 

(-0.45) (-0.45) (-0.39) (-0.47) 

Binge_eat 3.4 3.53 3.52 3.59 0.705 

(-0.91) (-0.75) (-0.89) (-0.76) 

Binge_shop 3.66 3.53 3.51 3.62 0.637 

(-0.84) (-0.89) (-0.84) (-0.68) 

Notes: The term ‘Alcohol_days’ specifies the number of days alcohol is consumed per 

month; ‘Alcohol_lot’ signifies whether large quantities of alcohol are consumed per 

month (defined as five drinks for men and four for women); ‘Alcohol_ave’ indicates the 

average number of glasses of alcohol consumed; ‘Sport_often’ indicates engagement in 

sports at least once per week; ‘Unhealthy’ denotes whether respondents are unhealthy; 

‘Binge_eat’ and ‘Binge_shop’ represent the average scores for binge eating and binge 

shopping, respectively, as measured by the Shorter PROMIS Questionnaire (Christo et 

al., 2003).  
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D. Additional screenshots 

 

FIGURE D.1. English translation of the screenshots of the allocation decisions in Week 

4: effort-loss condition with R = 0 (top) and R=0.07 (bottom). 
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FIGURE D.2. English translation of the screenshots of the allocation decisions in Week 

4: effort-gain condition with R = 0 (top) and R=0.07 (bottom).



69 

 

 

 

FIGURE D.3. English translation of the screenshots of the allocation decisions in Week 

4: money-loss condition with R = 0 (top) and R=0.07 (bottom). 
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E. Additional analyses of time preferences and real-world behaviors 

 

TABLE E.1. Relationship between 𝛿 and 𝛽 and Additional Self-Reported Everyday Behaviors in Experiment 1 (Top) and Experiment 2 (Bottom). 

 

(a) Experiment 1 
 Money-gain  Money-loss  Effort-gain  Effort-loss  

DV:Saving_rate         

𝛿 20.11 (54.92) 80.50 (92.72) 1.90 (1.62) 0.33 (2.51) 

𝛽 6.89 (17.97) 8.03 (47.44) -2.16 (5.87) -0.02 (6.24) 

𝑅2 0.01  0.02  0.04  0.01  

DV:Alcohol_days         

𝛿 4.41 (4.87) -3.61 (3.87) 0.32* (0.17) 0.15 (0.22) 

𝛽 3.84** (1.93) 0.56 (2.46) -0.46 (1.06) 1.47* (0.80) 

𝑅2 0.00  -0.00  0.11  0.12  

DV: Alcohol_ave         

𝛿 -0.71 (2.56) -3.13 (5.53) 0.34*** (0.13) 0.23* (0.12) 

𝛽 0.59 (0.69) 0.71 (2.17) 0.05 (0.42) 0.81** (0.35) 

𝑅2 0.06  0.07  0.15  0.10  

DV: Alcohol_lot         

𝛿 -1.69 (8.30) -6.21 (6.05) 0.60** (0.28) 0.35 (0.27) 

𝛽 -0.40 (10.15) -3.16 (2.67) -0.34 (0.54) 1.13 (0.90) 

𝑅2 0.12  0.12  0.20  0.14  

DV: Binge_shop         

𝛿 0.22 (1.39) 1.21 (1.17) 0.06 (0.06) 0.09 (0.11) 

𝛽 0.23 (0.41) -0.92 (0.83) 0.28 (0.20) 0.34 (0.36) 

𝑅2 -0.04  0.01  -0.01  0.05  

DV: Unhealthy         

𝛿 5.17 (4.94) 5.89 (5.21) -0.22 (0.24) -0.13 (0.45) 

𝛽 -1.52 (2.03) 3.81 (4.06) -1.59* (0.81) 0.90 (0.91) 
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𝑅2 0.04  0.03  0.10  0.04  

DV: Sport_often         

𝛿 9.73 (7.46) -6.01 (5.64) 0.18 (0.14) -0.06 (0.21) 

𝛽 17.21 (14.61) 10.31 (9.91) 0.10 (0.53) -0.12 (0.64) 

𝑅2 0.13  0.16  0.09  0.07  

 

(b) Experiment 2 

 Money-gain  Money-loss  Effort-gain  Effort-loss  

DV: Saving_rate         

𝛿 6.28 (124.27) 6.24 (7.75) 7.75*** (2.39) -1.31 (1.16) 

𝛽 47.21 (29.66) 0.59 (6.96) 0.44 (5.65) 2.90 (5.04) 

𝑅2 0.00  -0.05  0.08  0.05  

DV: Alcohol_days         

𝛿 1.86 (28.25) -0.13 (0.86) -0.19 (0.28) -0.05 (0.22) 

𝛽 -28.23* (16.57) 0.31 (0.85) 1.04 (0.64) -1.81 (1.27) 

𝑅2 0.25  0.05  -0.04  0.02  

DV: Alcohol_ave         

𝛿 3.65 (6.30) 0.29 (0.77) -0.01 (0.12) 0.06 (0.10) 

𝛽 -1.31 (2.02) -0.60 (0.65) 0.78** (0.33) -0.95* (0.51) 

𝑅2 -0.00  0.03  -0.02  0.28  

DV: Alcohol_lot         

𝛿 2.64 (11.87) 1.65*** (0.64) 0.05 (0.23) -0.16 (0.18) 

𝛽 -11.37* (6.67) -2.44* (1.48) 0.51 (0.63) -1.68 (1.03) 

𝑅2 0.13  0.19  0.04  0.18  

DV: Binge_shop         

𝛿 -3.01 (5.98) -0.28 (0.40) 0.08 (0.11) -0.01 (0.05) 

𝛽 2.23 (2.69) -0.40 (0.30) 0.06 (0.26) 0.13 (0.20) 

𝑅2 0.01  0.07  0.10  0.03  
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DV: Unhealthy         

𝛿 -25.31* (15.04) 0.63 (0.74) -1.77* (0.98) -0.26* (0.15) 

𝛽 -7.35** (3.55) -3.97** (2.00) -0.32 (1.12) -0.50 (0.60) 

𝑅2 0.11  0.10  0.21  0.08  

DV: Sport_often         

𝛿 20.74 (17.18) -0.58 (1.56) 0.14 (0.21) -0.22 (0.14) 

𝛽 6.49 (4.52) -0.14 (1.42) -0.01 (0.61) 1.17 (0.77) 

𝑅2 0.11  0.14  0.04  0.09  

Notes: Standard errors in parentheses; *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively. The behavioural variables were 

obtained from the survey conducted in Week 5. The term ‘Saving_rate’ refers to the proportion of the monthly salary saved; ‘Alcohol_days’ specifies the number of 

days alcohol is consumed per month; ‘Alcohol_ave’ indicates the average number of glasses of alcohol consumed; ‘Alcohol_lot’ signifies whether large quantities of 

alcohol are consumed per month (defined as five drinks for men and four for women); ‘Binge_eat’ and ‘Binge_shop’ represent the average scores for binge eating 

and binge shopping, respectively, as measured by the Shorter PROMIS Questionnaire (Christo et al., 2003); ‘Unhealthy’ denotes whether respondents are unhealthy; 

‘Sport_often’ indicates engagement in sports at least once per week. Ordinary Least Squares regressions are conducted for all variables except for the dummy variables 

‘Alcohol_lot’, ‘Unhealthy’, and ‘Sport_often’, for which logit regression analysis is performed. 


