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Visual continuous time
preferences

Benjamin Prissé1,2*

1LoyolaBehLab, Universidad Loyola Andalucía, Sevilla, Spain, 2Singapore University of Technology and

Design, Singapore, Singapore

We introduce the Visual Continuous Time Preferences (VCTP) task, a new tool

for measuring time preferences that synthesizes the simplicity of Multiple Price

List (MPL) and the precision of Convex Time Budget (CTB) tasks thanks to

the use of a simple visualization. We evaluate VCTP in a lab experiment by

comparing it to MPL using the same experimental design. Results suggest that

VCTP e�ectively measures time preferences and enhances their precision without

increasing task time or decreasing subject consistency. We also find that the

BRIS payment scheme has an impact on outcomes, compared to hypothetical

and real payments. We conclude that visual experiments can e�ectively measure

economic preferences.
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1. Introduction

Human decision-making often involves inter-temporal outcomes, encompassing choices

ranging from daily actions like consumption or saving to long-term decisions with

significant consequences, such as buying a house or raising a family. The economic literature

consistently associates higher levels of patience with improved decision-making. Numerous

studies have demonstrated that patient individuals tend to achieve better educational

outcomes (Duckworth and Seligman, 2005; Kirby et al., 2005; Golsteyn et al., 2014; Non and

Tempelaar, 2016; Castillo et al., 2019), make sounder financial decisions (Ashraf et al., 2006;

Meier and Sprenger, 2010, 2013; Tanaka et al., 2010; Epper et al., 2020), and exhibit higher

cognitive abilities (Frederick, 2005; Burks et al., 2009; Dohmen et al., 2010; Bosch-Domènech

et al., 2014). In contrast, impatient individuals tend to make poorer health decisions (Kirby

et al., 1999; Borghans and Golsteyn, 2006; Chabris et al., 2008; Sutter et al., 2013) and

exhibit greater impatience when it comes to primary rewards (McClure et al., 2004, 2007;

Reuben et al., 2010). The time preferences of individuals lie at the heart of these decision-

making processes, making it crucial for economists and policymakers to estimate them

accurately. Two primary methods have been commonly employed to elicit time preferences:

the Multiple Price List (MPL) developed by Coller and Williams (1999) and the Convex

Time Budget (CTB) introduced by Andreoni and Sprenger (2012). However, these studies

primarily focus on selecting between monetary numerical amounts and omit the crucial

visual aspect inherent in decision-making. This paper aims to bridge this gap in the literature

by introducing the Visual Continuous Time Preferences (VCTP) task. In this task, subjects do

not choose between monetary numerical amounts but instead select visual representations

of these amounts.

Coller and Williams (1999) created the Multiple Price List (MPL) task as the first

measurement tool for time preferences. In this task, participants are presented with 15

choices between a fixed amount of money at an earlier date and a progressively larger

amount of money at a later date. Subjects should initially choose money at the early date

and then transition to the later date, which provides a range of values for their discount

rate. The estimated annual interest rates ranging from 17.5% to 20% were found to align

with market borrowing rates, establishing the MPL task as the gold standard for measuring
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time preferences. Harrison et al. (2002) further demonstrated the

utility of the MPL tool. The first study showcased the robustness of

the task outside of the laboratory by examining field populations.

Subjects answered four Multiple Price List (MPL) tasks, each

comprising of 20 choices across various time intervals (6, 12, 24,

and 36 months). The overall discount rate was estimated to be

28.1%. Andersen et al. (2006) shed light on the limitations of the

MPL methodology. First, it estimates an interval of potential value

and not a point valuation. Second, subjects can switch back to

the present after switching to the future. Subjects exhibiting this

behavior would be considered inconsistent because choosing to

wait for future money at one interest rate implies that one should

also wait for futuremoney at all higher interest rates. Third, subjects

might exhibit a bias toward selecting options in the middle range.

To address these concerns, the researchers proposed a two-part

mechanism known as the iterative MPL (iMPL). The first part,

called the switching MPL (sMPL), enforces consistency by allowing

subjects to indicate at which choice they switch to future choices.

The second part asks subjects to play another MPL with interest

rates between their last present choice and their first future choice.

The results indicated that the iMPL estimates similar discount rates

while enhancing measurement precision by reducing the estimated

interval size. This finding suggests the utilization of measurement

tools that offer increased precision with minimal additional costs.

Andreoni and Sprenger (2012) (AS thereafter) attracted much

attention by creating the Convex Time Budget (CTB) in this

philosophy. Subjects respond to budget choices involving three

different delays before early payment (0, 7, and 35 days) and three

waiting times between the early payment date and the later payment

date (35, 70, and 98 days). Consequently, we have a total of nine

temporal combinations, with participants answering five budget

choices within each combination, resulting in a comprehensive

total of 45 budget choices. In each choice, subjects are provided

with 100 tokens and must decide whether to allocate each token

to the later date at a value of $0.20 or to the early date at a

lower value ranging from $0.13 to $0.19. These value options

correspond to interest rates ranging from 20.5 to 1,300% over a

one-year period. The results established the validity of CTB by

estimating that subjects exhibit a discount rate of 30% over a one-

year period. In a subsequent study, Andreoni et al. (2015) suggested

that CTB is a better elicitation method than MPL. They conducted

a comparison between a simplified version of CTB and the Double

MPL introduced by Andersen et al. (2008), which corrects time

preferences with risk preferences. The findings indicated that

both methods demonstrated good predictive accuracy for their

respective results. However, when it came to predicting the results

of the other method, CTB outperformed the Double MPL with an

86% accuracy compared to 16%. This further supports the idea

that measurement tools providing enhanced precision at minimal

additional costs are desirable.

However, the enhanced precision offered by CTB comes with

associated costs, including the need for a computer-equipped

laboratory and a considerable amount of time to complete the

measurement. Prissé and Jorrat (2022) found that laboratory

participants took an average of 2.3 min to complete the MPL

task, while the CTB task required 18.5 min. Furthermore, when

applying the same consistency criteria as MPL, only 30% of subjects

demonstrated consistency, with the majority consistently allocating

all tokens to either the early or late payment date. This indicates that

subjects struggle to use the additional precision of CTB effectively.

Field experiments addressed these limitations by simplifying CTB

with visual tools. Delays were visually represented through colored

backgrounds, payoffs were visualized using coins, bank notes, or pie

charts, and allocations were determined bymethods such as placing

beans into bowls or using a slider (Carvalho et al., 2016; Aycinena

and Rentschler, 2018; Giné et al., 2018; Balakrishnan et al., 2020;

Bartoš et al., 2021). Angerer et al. (2015) were the first to use a fully

visual design to adapt MPL and CTB to children. MPL used colors

to represent waiting times and coin symbols for payoffs, while CTB

asked subjects to draw tokens inside boxes representing present and

future periods. Both measures yielded similar results, suggesting

the methodological pertinence of visual experiment with teenagers.

Recently, Alfonso et al. (2023) provided additional evidence that

visual experiments increase the quality of results, particularly in

terms of consistency in the risk preferences task. These findings

warrant further investigation into the validity of visual experiments

with adult populations.

The purpose of this paper is precisely to validate the use of

visual experiments with adults. We do this by creating a new task

integrating the small amount of time and high consistency of MPL

with the precision of CTB thanks to a simple visual representation.

We therefore call our task Visual Continuous Time Preferences

(VCTP). The aim of this paper is to validate this tool in the lab. The

VCTP successfully passed the test, since subjects used the additional

precision of interior solutions without increasing response time or

decreasing the consistency of answers. We interpret these results as

validating the use of the visual methodology.

The rest of the paper is organized as follows: Section 2 presents

the experimental design, Section 3 describes the methods used in

this paper, including the experimental design, the questions to be

addressed and the econometric approach. Section 4 examines the

balance between samples of subjects, Section 5 presents the results

and Section 6 provides the conclusion.

2. Methods

2.1. Experimental design

The key feature of our design is the use of a visual

representation with ten coins instead of a list. We use two

experimental treatments that are identical except for one key

difference:

• MPL: subjects are forced to allocate all the coins either to the

present or to the future.

• VCTP: subjects are allowed to allocate each coin to the present

or to the future.

The first treatment uses the MPL mechanism adapted to our

experimental design. The second treatment is similar to the first

one but with the additional rule of allowing subjects to allocate

to both the present and the future, which corresponds to the

CTB mechanism (interior allocations). Hence, letting subjects make

interior allocations is the treatment.1

1 It should be noted that 1.35% of subjects chose to use interior solutions

in MPL despite not being allowed to do so.
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It is important to mention that subjects completed both

treatments. Half of the subjects answered MPL before VCTP in

the MPL treatment, while the other half answered VCTP before

MPL in the VCTP treatment. We only take into account the first

task answered by subjects in the analysis, resulting in a between-

subject design.

Visual representation: In AS, subjects have 100 tokens and

allocate each of them to the present or the future for each budget

decision. In our experiment, we reduced the task to a 10-choice

space for the sake of concision. Figure 1 displays an example of

such decision space. Each choice space comprises a solid line

circle representing one euro in the present, and a dotted circle

representing the monetary bonus associated with waiting one week

at the current interest rate. The cross inside the circle is used by

subjects to indicate their choice by marking it in blue for present or

in red for future. The circles are arranged in the most homogeneous

way possible to avoid any disposal effects.

Number of scenarios: Subjects are invited to perform the

decision task six times with increasing interest rates: 0, 20, 40, 60,

80 and 100%. We chose these values as a compromise between

obtaining precise data and not requiring too much time or effort

from the subjects. The order of the decisions remains the same for

all participants. Figure 2 displays the choice spaces for each interest

rate in ascending order.

Time Frame: The early payment date is tomorrow. This 1-day

FED avoids the present bias associated with obtaining the reward

immediately. The later payment date is one week and one day.

We chose a one-week delay because it seemed long enough to be

perceived as a future payment by the subjects, and short enough to

not be perceived as a distant future.

Measurements: We use four basic measurements to compare

MPL and VCTP:

(i) Time (Time) is the number of seconds subjects take to

complete the task. It is defined as the time interval between starting

to answer the first scenario and completing the last one. It therefore

includes both the time needed to reflect on the answer and the time

needed to indicate the answer.

(ii)Consistency (Cons) identifies subjects who correctly perform

the task. Subjects are consistent if their number of future choices

always remains the same or increases when the interest rate

increases. This criterion is harder to satisfy in VCTP because

allocating X coins in the future at one interest rate means that you

should also allocate at least these X coins in the future when their

value increases.

(iii) Allocations to the future (NumFut) refers to the total

number of coins allocated to the future in all decision tasks. Subjects

indicate their budget choices by allocating X coins to the future,

with X ∈ {0, 10} in MPL and X ∈ {0, 1, 2, ..., 10} in VCTP.

(iv) Allocations to interior solutions (FreqInt) refers to the total

number of coins allocated to the future by using interior solutions

of VCTP, that is, the sum of allocations in which X ∈ {1, 2, ..., 9},

divided by the maximum number of coins allowable to interior

solutions.2 We obtain a frequency index that captures the effective

utilization of interior solutions, reflecting the extent to which the

additional precision enabled by VCTP is utilized.

2 54 coins with the 10-coin version, 24 coins with the 5-coin version.

The experimental design allows us to show that visualization

alone is sufficient to obtain informative data. The instructions and

tasks are provided as Supplementary material and are accessible in

the Mendeley data repository along with the data analysis.3 Section

A.1 presents and discusses the limitations of the experimental

design for the interested reader.

Ethical committee and pre-registration: The experiment

was approved by the Ethics Committee of Universidad Loyola

Andalucía on 28 April 2019. The study was pre-registered.4

2.2. Questions to be addressed

The goal of our experiment is to compare MPL and VCTP

mechanisms. We wanted to test whether the introduction of VCTP

would alter the manner in which subjects transitioned to future

preferences compared to MPL. We hypothesized that subjects

would utilize the increased precision offered by VCTP and perceive

it as equivalent to their optimal choice. Indeed, opting for salient

corner solutions with easily calculable monetary values requires less

cognitive effort compared to selecting interior solutions. However,

when confronted with numerous options, decision-making is often

perceived as more complex (Schwartz and Schwartz, 2004; Frey and

Stutzer, 2007), leading individuals to frequently favor black-and-

white thinking over considering the array of intermediate options

available (Dawkins, 2011). Consequently, the use of additional

precision may entail costs in terms of both time and consistency.

Reflecting about the use of interior solutions could potentially result

in longer response times for subjects. Achieving consistency is more

challenging due to the increased potential for subjects to make

mistakes. The question is therefore whether subjects can use the

additional precision of VCTP without any negative effects on time

and consistency. Additionally, we had the secondary objective of

studying the potential effect of payment schemes by comparing

hypothetical, BRIS5 and real payments (see Brañas-Garza et al.,

2022).

2.3. Procedures

The experiment was conducted at the School of Economics

and Business of the Universidad de Sevilla in late May 2019

with a population of western university students. A sample of

n = 151 subjects completed the experiment. They all signed an

informed consent form and completed both tasks in random order:

nV = 74 performed VCTP first and nM = 77 performed MPL

first.6 All subjects received a e5 show-up fee. Those selected for

3 https://data.mendeley.com/datasets/ms63y77fcf/5

4 https://aspredicted.org/yd6pt.pdf

5 Between-Subject Random Incentives System, in which 1 subject over 10

is paid.

6 The distribution of subjects by payment schemes was as follows: nH = 52

for the hypothetical payment, nB = 49 for the BRIS payment and nR = 50 for

the real payment. The precise number were nM,H = 25, nM,B = 25, nM,R = 24

when subjects answered the MPL first and nV ,H = 27, nV ,B = 24, nV ,R = 26

when subjects answered the VCTP first.
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FIGURE 1

Example of one decision task in the experiment. It is decision 4 with an interest rate of 60%. Each ball is worth 1 Euro in 1 day (plain circle) and 1.60

Euros in 8 days (dotted circle). Subjects color the dotted cross in blue to take the money tomorrow and in red to take the money in one week and

one day.

FIGURE 2

From left to right, the decision space expands as the interest rate increases. The plain circle always represents a value of 1 Euro, while the dotted

circle represents values of 1 Euro (0%), 1.2 Euros (20%), 1.4 Euros (40%), 1.6 Euros (60%), 1.8 Euros (80%), and 2 Euros (100%).

payment received e14.45 on average. To control for transaction

costs, all payments were made in cash on the university premises

on the selected date. Power calculations in Appendix A.2 show

that we have sufficient power to detect experimental effects. It

should be noted that Banerjee (2020) demonstrated that in cases

where control groups do not identify any differences between

conditions, it is possible to reduce the sample size without relying

on assumptions about the underlying distribution of outcome

variables.

2.4. Econometric approach

Throughout our analysis, we employ the following

regression model to estimate and identify the

causal effect of the VCTP mechanism on various

outcome variables:

yi = β0 + β1 ∗ VCTPi + γe ∗ Xieγe ∗ Xieγe ∗ Xie + γc ∗ Xicγc ∗ Xicγc ∗ Xic + ǫi (1)
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TABLE 1 Balance check by treatment.

n MeanM MeanV M − V p− value Adj. p− value

Overall

Age 133 21.25 21.94 –0.69 0.236 0.577

Female 133 0.51 0.47 0.04 0.666 0.888

CRTScore 133 0.43 0.40 0.03 0.658 0.888

Hypothetical

Age 39 20.33 21.39 –1.06 0.150 0.413

Female 39 0.33 0.39 –0.06 0.727 0.907

CRTScore 39 0.59 0.63 –0.04 0.705 0.907

BRIS

Age 45 21.68 21.93 –0.25 0.756 0.987

Female 45 0.5 0.48 0.02 0.887 0.987

CRTScore 45 0.29 0.30 –0.01 0.871 0.987

Real

Age 49 21.65 22.34 –0.69 0.073 0.161

Female 49 0.67 0.52 0.15 0.026 0.105

CRTScore 49 0.43 0.33 0.10 0.207 0.211

Balance checks conducted to assess the distribution of age, gender, and CRT score across all subjects, as well as within subgroups of subjects with hypothetical payments, BRIS payments, and real

payments. The table presents the number of observations, mean values in both treatments, difference between mean values, p-values of two-sided t-tests, and adjusted p-values after applying a

Romano-Wolff procedure for correction.

TABLE 2 Summary statistics for the main variables used in our analysis.

Variable Definition n Mean Std. dev Min Med Max

TimeMPL Response time in the MPL task (in seconds) 70 413.23 186.66 72 389 1161

TimeVCTP Response time in the VCTP task (in seconds) 72 389.07 181.56 120 359 1129

ConsMPL Consistency of subjects in the MPL task 74 0.919 0.275 0 1 1

ConsVCTP Consistency of subjects in the VCTP task 77 0.883 0.323 0 1 1

NumFutMPL Number of future allocations in the MPL task 74 37.89 12.46 0 40 60

NumFutVCTP Number of future allocations in the VCTP task 77 36.52 11.74 0 38 55

FreqInt Proportion of interior solutions used in the VCTP task 77 0.284 0.246 0 0.259 0.852

Age Age of subjects (in years) 133 21.59 3.36 18 21 42.5

Female Gender of subjects (1=female) 133 0.489 0.502 0 0 1

CRTScore Score in the CRT task 133 0.419 0.373 0 0.33 1

Summary statistics, including the number of observations, mean, standard deviation, minimum, median, and maximum, for the main variables in our analysis: response time (MPL and VCTP),

consistency (MPL and VCTP), number of future allocations (MPL and VCTP), frequency of interior solutions in VCTP, age, gender, and CRT score. Definition of the variables is also provided

in the second column.

Where yi is the outcome variable for each individual; VCTPi
is a dummy variable that takes the value of 1 when subjects are

assigned to the VCTP treatment and 0 if they are assigned to the

MPL treatment;XieXieXie is the vector of explanatory variables;XicXicXic is the

vector of control variables and ǫi is the error term.

We have four outcome variables, as detailed in Section 2: Time

measures the response time in seconds required to complete the

task, Cons is a binary variable taking the value of 1 if subjects are

consistent and 0 otherwise, NumFut measures the total amount

of coins allocated to the future in the task and FreqInt represents

the frequency of interior allocations made by subjects. To assess

the effect of VCTP on these outcomes, we will employ different

regression models: ordinary least squares regressions for Time,

probit regressions for Cons to account for its binary nature,

tobit regressions for NumFut to address left and right censoring,

and fractional probit regressions for FreqInt to account for its

fractional nature.

We use as explanatory variables the dummy variables

Hypothetical and OneTenth respectively taking value 1 when the

payment scheme is hypothetical or BRIS, and 0 otherwise. We use

the control variables Age representing the age of subjects in years,

the dummy variable Gender taking value 1 for female subjects and
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TABLE 3 Estimations of the impact of the VCTP mechanism on time, consistency, allocations to the future and interior solutions.

(1) (2) (3) (4) (5) (6) (7) (8)

Time Time Cons Cons NumFut NumFut FreqInt FreqInt

VCTP –22.761 –6.209 –0.187 –0.210 –1.260 –0.836 1.939∗∗∗ 1.925∗∗∗

(30.508) (34.630) (0.291) (0.335) (1.929) (1.940) (0.358) (0.359)

[0.457] [0.858] [0.519] [0.531] [0.515] [0.667] [0.000] [0.000]

Hypothetical 15.275 32.666 0.507 1.042∗∗ 0.204 2.996 –0.160 –0.103

(38.083) (40.687) (0.330) (0.460) (2.346) (2.514) (0.182) (0.222)

[0.689] [0.424] [0.124] [0.024] [0.931] [0.236] [0.381] [0.642]

OneTenth 28.401 38.411 0.819∗∗ 0.891∗∗ 4.404∗ 4.450∗ -0.138 -0.090

(35.874) (39.074) (0.384) (0.434) (2.382) (2.319) (0.206) (0.208)

[0.430] [0.328] [0.033] [0.040] [0.066] [0.057] [0.503] [0.667]

Age –4.260 0.151 0.448 –0.009

(2.992) (0.099) (0.292) (0.020)

[0.157] [0.126] [0.128] [0.659]

Female 2.776 0.375 4.631∗∗ –0.084

(31.196) (0.366) (1.996) (0.175)

[0.929] [0.307] [0.022] [0.632]

CRTScore 73.115∗ -0.259 –5.201∗ 0.008

(43.123) (0.495) (2.802) (0.274)

[0.093] [0.601] [0.066] [0.975]

Constant 397.848∗∗∗ 453.935∗∗∗ 1.019∗∗∗ -2.295 36.335∗∗∗ 25.503∗∗∗ -2.412∗∗∗ -2.194∗∗∗

(27.294) (81.724) (0.265) (2.021) (1.953) (6.846) (0.339) (0.634)

[0.000] [0.000] [0.000] [0.256] [0.000] [0.000] [0.000] [0.001]

Estimation method OLS OLS Probit Probit Tobit Tobit FracTob FracTob

Observations 142 124 151 133 151 133 151 133

Adj.R2 // LL –0.013 –0.001 –45.818 –36.006 –587.531 –508.907 –48.560 –42.2274

Controls No Yes No Yes No Yes No Yes

Regressions were performed on the variables of interest both without controls and with controls, including age, gender, and CRT score, to estimate the effect of the VCTP task on these variables.

OLS regressions on response time in columns (1) and (2), probit regressions on consistency in columns (3) and (4), tobit regressions on number of future allocations in columns (5) and (6), and

fractional tobit regressions on frequency of interior solutions in columns (7) and (8). VCTP task, hypothetical payments and BRIS payments are used as explanatory variables in all regressions.

Standard errors are reported in parentheses, and p-values are shown in brackets. OLS is estimated with robust standard errors. Adjusted R-squared is reported for time, log-likelihood is reported

for consistency and number of future allocations, and log pseudolikelihood is reported for Fractional Tobit. ∗∗∗ , ∗∗ , and ∗ denote significance at the 1, 5, and 10% levels, respectively.

0 otherwise, and CRTScore indicating the percentage of correct

answers on the Cognitive Reflection Test (CRT).

3. Questionnaire

Participants completed a questionnaire to measure the control

variables, which allow us to verify the meaningfulness of comparing

the two treatments. We conduct a difference of means test between

the groups to assess the balance in different control variables.

Additionally, we perform the same analysis based on the payment

scheme to determine if comparing the MPL and VCTP conditions

within each payment scheme is meaningful. Table 1 presents the

results of these tests, including Romano-Wolf adjusted p-values

for multiple testing in the last column. We observe that the

two groups exhibit comparable characteristics (p ≥ 0.105), which

enables us to estimate the causal effect of the VCTP treatment on

the outcomes. We conclude that the two groups are comparable

regardless of payment scheme and that the experiment measures

the causal effect of the experimental conditions. Section A.3 further

extends the analysis to compare the characteristics of subjects under

different payment schemes and finds that subjects with hypothetical

payoffs have higher CRT scores, but the different groups are

otherwise comparable.

4. Results

Table 2 displays the summary statistics of the variables used

in our analysis. On average, On average, subjects answered the

MPL task in 413.23 seconds (6.89 min) and the VCTP task in

389.07 t-test not rejecting the equality between conditions (p =

0.436). The level of consistency is 91.89% in MPL and 88.31% in

VCTP, with a t-test not rejecting the equality between conditions
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FIGURE 3

Multi-histograms of allocations to the future by task. The figure illustrates how tokens were allocated to the future by subjects in the MPL and VCTP

tasks, presented from top left to bottom right at interest rates of 0, 20, 40, 60, 80, and 100%.

FIGURE 4

The figure illustrates the total number of coins allocated to the future in the VCTP task based on the switching point in the MPL task. The left figure

depicts the VCTP allocations of subjects who switched to the future at 20% in MPL, the middle figure shows allocations for subjects who switched at

40% in MPL, and the right figure represents allocations for subjects who switched at 60% in MPL.

(p = 0.464). Subjects allocate on average 37.89 coins to the future

in MPL and 36.52 coins to the future in VCTP, with a t-test

not rejecting the equality between conditions (p = 0.487). The

proportion of interior solutions used in VCTP is 28.43%, with a

statistically significant difference compared to not using interior

solutions according to a t-test (p < 0.001). We also see that our

experimental subjects were 21.59 years old on average (21 years

and 7 months), 48.87% of them were females and they answered

correctly 41.85% of the questions in the CRT task on average (1.26

correct answers).
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TABLE 4 Estimations of the impact of financial incentives on response time, consistency, allocations to future and use of interior solutions in the VCTP

task.

(1) (2) (3) (4) (5) (6) (7) (8)

Time Time Cons Cons NumFut NumFut FreqInt FreqInt

Hypothetical 39.000 91.471 0.710 1.204∗ –2.353 0.924 –0.169 –0.091

(57.696) (61.638) (0.451) (0.690) (3.067) (3.236) (0.194) (0.239)

[0.501] [0.144] [0.115] [0.081] [0.445] [0.776] [0.382] [0.703]

OneTenth 9.189 10.698 0.995∗ 1.190∗ 5.795∗ 5.637∗ –0.241 –0.187

(48.013) (51.342) (0.532) (0.637) (3.160) (2.827) (0.210) (0.214)

[0.849] [0.836] [0.062] [0.062] [0.071] [0.051] [0.252] [0.384]

Age –6.178∗ 0.190 0.125 –0.005

(3.121) (0.167) (0.298) (0.020)

[0.053] [0.257] [0.678] [0.819]

Female 41.063 0.658 4.737∗ –0.022

(45.267) (0.549) (2.425) (0.182)

[0.368] [0.230] [0.055] [0.903]

CRTScore 41.362 0.101 –7.762∗∗ 0.017

(62.459) (0.776) (3.827) (0.308)

[0.511] [0.896] [0.047] [0.957]

Constant 372.720∗∗∗ 479.144∗∗∗ 0.736∗∗∗ –3.625 35.538∗∗∗ 32.900∗∗∗ –0.439∗∗∗ –0.364

(40.032) (105.270) (0.272) (3.312) (2.189) (7.263) (0.142) (0.507)

[0.000] [0.000] [0.007] [0.274] [0.000] [0.000] [0.002] [0.473]

Estimation method OLS OLS Probit Probit Tobit Tobit FracTob FracTob

Observations 72 61 77 66 77 66 77 66

Adj.R2 // LL –0.020 0.015 –25.332 –18.472 –295.024 –244.017 –45.744 –39.524

Controls No Yes No Yes No Yes No Yes

Regressions were conducted on the variables of interest, both without controls and with controls that include age, gender, and CRT score, in order to estimate the effect of the hypothetical and

BRIS payment schemes on these variables in the VCTP task. OLS regressions on response time in columns (1) and (2), probit regressions on consistency in columns (3) and (4), tobit regressions

on number of future allocations in columns (5) and (6), and fractional tobit regressions on frequency of interior solutions in columns (7) and (8). Hypothetical payments and BRIS payments

are used as explanatory variables in all regressions. Standard errors are reported in parentheses, and p-values are shown in brackets. OLS is estimated with robust standard errors. Adjusted

R-squared is reported for time, log-likelihood is reported for consistency and number of future allocations, and log pseudolikelihood is reported for Fractional Tobit. ∗∗∗ , ∗∗ , and ∗ denote

significance at the 1, 5, and 10% levels, respectively.

Table 3 presents the results of the regression analysis for the

four measurements of interest. Results indicate that VCTP has

no significant effects on time, consistency, and the number of

future allocations. It suggests that there are no costs associated

with adding interior solutions and that they do not alter the

revealed time preferences of subjects.7 Columns (7) and (8) show

that subjects used the additional precision of VCTP and that this

result remains after adding controls. Importantly, only 20 out of 77

subjects (25.97%) never used internal solutions; hence, the majority

of participants used non-corner solutions at least once.

Column (4) shows that hypothetical payments have a positive

and significant impact on consistency when adding controls (p =

0.024). Furthermore, columns (3) and (4) show that BRIS payments

enhance consistency, both without controls (p = 0.033) and

with controls (p = 0.040), while columns (5) and (6) indicate

7 Additional regressions including time as a predictor of consistency show

that response time has no e�ect on consistency.

that BRIS payments have a positive and marginally significant

effect on the number of future allocations, both without controls

(p = 0.066) and with controls (p = 0.057). Additionally, we

find that higher CRT score increases response time (p = 0.093)

and decreases the number of future allocations (p = 0.066)

with marginal significance, while female allocate more to future

solutions (p = 0.022).

Table A3 in Section A.4 presents the regressions with round

fixed effects. The results provide marginal evidence that VCTP

is associated with a decrease in response time and consistency.

Additionally, we find evidence that hypothetical and BRIS

payments are associated with an increase in response time,

consistency, and the number of future allocations. Furthermore, the

table demonstrates that the control variables significantly impact

the outcome variables.

Overall, we conclude that VCTP lets us measure time

preferences as quickly, consistently and in a similar way to

MPL. Hence, VCTP is an improvement over MPL as it
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provides additional information without additional costs. We now

investigate whether subjects use interior solutionsmeaningfully.

Figure 3 displays the multi-histograms of allocations to the

future in MPL and VCTP for each scenario by increasing interest

rates. Overall, we see that subjects made interior allocations quite

often, but that corner solutions were more frequently used in the

extreme cases of 0% (top left) and 100% (bottom right) interest rate,

with 85.71 and 75.32% of subjects choosing either all or nothing,

respectively. We also see that the subjects used all possible values

of interior solutions and that the modal distribution also moved as

the interest rate increased. The multi-histograms therefore suggest

that subjects take advantage of interior solutions to allocate closer to

their preferences.

Additional evidence of the meaningful use of interior solutions

is provided by subjects who switched to future preferences in MPL

at 20% (n = 48), 40% (n = 32), and 60% (n = 31). We took advantage

of having the MPL and VCTP choices of all the subjects (within-

subjects) and tested whether they took advantage of the flexible

structure of VCTP to allocate closer to their preferences. Figure 4

displays the box-plots of the number of allocations to the future

in VCTP for these subjects compared with their same choices in

MPL indicated by the red line. It shows that subjects switching at

20% in MPL (left graph)—then allocating 50 coins to the future—

allocate less in VCTP as shown by the 75th quartile. On the contrary,

subjects switching at 60% in MPL (right graph)—then allocating

30 to the future—make a larger number of future allocations in

VCTP since the 25th quartile in VCTP is at 30 coins. The results

therefore show that the subjects susceptible to using the additional

precision of VCTP are in fact doing so. We therefore conclude that

the subjects use interior solutions meaningfully.

As noted before, our secondary goal was to explore the effect

of monetary incentives. Table 4 shows that hypothetical payments

marginally increase consistency after adding controls in column

(4) (p = 0.081). We observe in column (3) that BRIS payments

also marginally increases consistency (p = 0.062) and column (4)

shows that this result remains after adding controls (p = 0.062).

Additionally, column (5) shows that BRIS payments marginally

increases the number of future allocations and column (6) shows

that this result remains after adding controls (p = 0.051).

Section A.5 extends this analysis to the MPL task and shows that

hypothetical payments marginally increase the number of future

allocations after adding controls. Figure A3 illustrates a potential

explanation for the observed phenomenon with BRIS payments:

subjects may strategically allocate all tokens to the future earlier

to maximize their potential earnings in case they receive payment.

This behavior has the potential to enhance consistency by reducing

errors associated with using interior solutions. We conclude

that BRIS payments might have an influence on the outcomes

of VCTP.

5. Discussion

We developed a new tool called Visual Continuous Time

Preferences (VCTP) to measure time preferences by combining

the Multiple Price Lists (MPL) and Convex Time Budget (CTB)

methodologies. From MPL, we kept the idea of minimizing the

complexity of answers and the number of trials to perform.

From CTB, we kept the idea of allocating tokens both to the

present and the future. We evaluated VCTP by comparing it to

the MPL mechanism using the same experimental design. The

goal was to demonstrate that VCTP requires a similar amount

of time and has a similar consistency to MPL but reveals time

preferences more precisely.We find that the VCTP provides similar

results to MPL in terms of response time, task consistency and

number of allocations to the future. The meaningful utilization

of the additional precision of interior solutions by subjects

suggests that VCTP is an improvement over the MPL mechanism.

We overall conclude that VCTP successfully measures time

preferences. As we have observed that the BRIS payment scheme

may potentially influence outcomes, further investigation of this

phenomenon is warranted in future research. Other avenues to

explore include extending the visualization method to other types

of economic preferences and examining its robustness across

diverse populations.
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