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Word Count: 4,999 = 4,896 (in words) + 20 (in equations) + 83 (in tables as pictures)

Abstract: This paper models the intertemporal preferences of undergraduates with a quasi-

hyperbolic discount function. Using this model, which nests exponential and hyperbolic discounting, un-

dergraduates’ discount functions can be decomposed into two components: a measure of present bias and a

standard exponential discount factor. Data is analysed on the intertemporal preferences of 174 undergrad-

uates from the Faculty of Social Sciences at the University of Warwick. No significant differences in the

level of present bias are identified for first-year students from different degrees. Further, differences in the

degree of present bias are only significant at the 10% level for economics students in different years. How-

ever, significant differences emerge when the sample is extended to include an unexpected class of future-

biased preferences. In the extended sample, economics finalists behave significantly (at the 5% level)

more in line with conventional economic theory than first-year economics students. Some weak support

is found for the claim that exposure to economic theories can change an individual’s discount function.

∗The author is grateful to Dr Lory Barile for her encouragement and support throughout this project.



Contents

1 Introduction 1

2 Theoretical Background: Three Discount Functions 1

3 Literature Review 3

3.1 Learning and Selection Effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

3.2 Estimating the Discount Function . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

3.3 Uniting the Two Fields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

4 Methodology 5

4.1 Questionnaire . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

4.2 Indifference Points . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

4.3 Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

5 Data 7

6 Results 8

6.1 Learning Effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

6.2 Selection Effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

6.3 Determinants of Future-Biased Preferences . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

7 Concluding Remarks 11

A Appendix A: Deriving β and δ 14

B Appendix B: Decisions on Magnitude and Scale of Pay-Offs 15

C Appendix C: Graphs 16

D Appendix D: Summary Statistics 20

E Appendix E: Regression Results 21



1 Introduction

In general, people are impatient. They prefer more now to less later. However, when choosing between pay-

offs that vary in both magnitude and schedule, different people may have different preferences. For example,

to make an informed choice in Problem 1, an individual must calculate how much the future pay-off (B) is

worth to them now by discounting the utility they will receive from B by the fact that they have to wait 5

years before they receive that utility. This calculation depends on the discount function, which may vary

person to person.

A.£100,000 immediately or B. £150,000 in 5 years

(PROBLEM 1)

Two aspects of discount functions vary between individuals. Firstly, different discount functions

may have different functional forms. Secondly, even for discount functions with the same functional form,

individuals may apply a different discount rate. While the determinants of different discount rates are

interesting, this paper addresses the more overlooked issue of what determines the functional form of the

discount function.

This paper firstly outlines three different discount functions. Secondly, several key papers from

the literatures on discounting and learning effects are identified. A justification for connecting these two

literatures is also provided. The paper then describes the methods used to collect and process data from

undergraduates. The model to be estimated is stated, before outlining some key features of the data. In the

penultimate section, the evidence for the hypothesis is examined and different explanations for future bias

are considered. The main conclusion of this paper is that the discount functions of economics finalists are

significantly different from the discount functions of first-year economics students.

2 Theoretical Background: Three Discount Functions

Discounted Utility Theory assumes agents discount in a simple manner. As in Equation 1, agents apply a

constant discount rate exponentially (Samuelson, 1937):

Ut (c1, . . . , cT ) =

T−t∑
k=0

[
δku (ct+k)

]
where δ =

1

1 + ρ
(1)

The utility (U), in period t, from receiving a pay-off (c) in k years is calculated using a constant

discount factor (δ) which is in turn derived from the discount rate (ρ). This exponential discount function,

embraced by the economic orthodoxy, has become a fundamental component of all conventional intertemporal

models. It is so dominant because it is the only discount function that avoids time inconsistencies (Frederick

et al., 2002). The absolute time interval between pay-offs (5 years in the example below) is all that matters

1



when discounting exponentially (Loewenstein and Prelec, 1992). Thus, in Problem 2, if an exponential

discounter prefers A to B, they must prefer C to D.

A.£100,000 immediately or B. £150,000 in 5 years

C.£100,000 in 50 years or D. £150,000 in 55 years

(PROBLEM 2)

However, evidence consistently rejects exponential discounting as a model of how individuals actu-

ally act (Frederick et al., 2002). In particular, people are inconsistent. The hyperbolic discount function1

(Equation 2) incorporates psychological insights into how individuals perceive time to provide a more accu-

rate description of human behaviour (Rodriguez and Logue, 1988):

Ut (c1, . . . , cT ) =

T−t∑
k=1

[
(1 + αk)

−γ
α u (ct+k)

]
(2)

One such psychological insight is present bias, a special case of time inconsistency. A present-

biased individual may prefer A to B, while also preferring D to C. That is, they place a higher relative

weight on immediate pay-offs than future pay-offs, even with the same absolute time interval. Consequently,

present-biased individuals will systematically depart from their long-term plans in later periods.2 This yields

dynamic inconsistency (Thaler, 1981), which is incompatible with Discounted Utility Theory. Economists

define rationality relative to the actions of the always-optimising and ever-consistent homo economicus. Thus,

because present-biased preferences are inconsistent, they are, in this narrow economic sense, irrational.3

Laibson (1997) developed the following quasi-hyperbolic discount function which nests together

exponential and hyperbolic discounting in a simple way:

Ut (c1, . . . , cT ) = u (ct) + β

T−t∑
k=1

[
δku (ct+k)

]
where δ =

1

1 + ρ
(3)

In this model, one variable (β) captures the extent to which an individual discounts either expo-

nentially or hyperbolically. When β=1 the individual is not present biased, and the discount function is

exponential. Conversely, when β < 1 the individual is present biased, and the discount function is hyper-

bolic. This feature of the quasi-hyperbolic discount function is leveraged in this paper to analyse whether

the intertemporal preferences of undergraduates become more rational in the later years of their degrees.

1For the hyperbolic discount function, α indicates how much the function departs from constant discounting. As α tends to
0, this hyperbolic discount function tends to the exponential discount function with discount rate γ (Loewenstein and Prelec,
1992).

2After 50 years, if an individual displayed present-biased preferences (preferring A to B and D to C) they would, without
any commitment device, now prefer C to D because this effectively becomes a choice between A and B.

3The rest of this paper uses this definition of rationality.
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3 Literature Review

3.1 Learning and Selection Effects

The experimental literature on cooperation suggests economics students behave more in line with conven-

tional economic theory than non-economics students. Expected Utility Theory, the conventional theory for

cooperation games, predicts agents act self-interestedly. In a comparison of 11 similar experiments investi-

gating free-riding, Marwell and Ames (1981) found economics graduate students were more self-interested,

contributing significantly less to a public good, than any other group. Further, in a one-off ultimatum game,

economics finalists behaved more self-interestedly than non-economics students when asked to share money

with another participant (Carter and Irons, 1991). The tendency for certain groups to behave according

to conventional economic theory is not isolated to students. In a study on charitable donations, Frank

et al. (1993) found the percentage of economics professors who donated no money to charity was 9.3%.

The percentage of professors who made no contribution was much lower, between 1.1% and 4.2%, for other

disciplines.

Two explanations exist for the behavioural differences observed in these studies. One theory sug-

gests people with certain preferences are drawn to the discipline of economics (Cipriani et al., 2009). A

competing theory argues that, throughout an economics degree, as students are exposed to the perfectly

rational homo economicus, they adjust their behavior to fit that paradigm (Hellmich, 2019). Carter and

Irons (1991) refer to these two theories as the selection and learning effect respectively.4 However, whether

both effects exist, and which dominates, is still debated. Of 12 studies investigating the selection effect, 8

identified evidence for its existence. Of 18 studies investigating the learning effect, 10 identified evidence of

its existence (Hellmich, 2019).

3.2 Estimating the Discount Function

Ashraf et al. (2006) categorised individuals as hyperbolic if their preferences displayed present bias (impa-

tience now and patience later). However, this method has two shortcomings. Firstly, as respondents are

categorised according to some typical values, some hyperbolic individuals may not have been identified.5

Secondly and more generally, information is lost by reducing the degree to which an individual’s preferences

are present biased to a simple binary variable.

A more powerful method of identifying hyperbolic individuals avoids these shortcomings. The

titration procedure (Hardisty and Weber, 2009; Barile et al., 2018) uses a series of pairwise comparisons

to identify the level of extra compensation required to make an individual indifferent between this higher

delayed and compensated outcome and a lower immediate outcome. Identifying and examining these in-

4Rubinstein (2006) refers to the learning effect as the indoctrination effect.
5Consider an individual who is indifferent between £100,000 immediately and £170,000 in 5 years, and is indifferent between

£100,000 in 50 years and £150,000 in 55 years. This individual still has hyperbolic preferences as they need more compensation
to delay a present outcome than a future outcome. However, with the values used in Problem 2, they would not be identified
as present biased.
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difference points provides insight into the functional form of each individual’s discount function. Using the

quasi-hyperbolic discount function outlined previously, Ida (2014) decomposed indifference points into two

variables: a measure of present bias (β) and a standard exponential discount factor (δ). Thus, this method

produces a numerical variable quantifying the degree to which respondents are present-biased and thus the

degree to which they discount exponentially or hyperbolically. Using this method allows a more in-depth

analysis of the variation in discount functions than a simple binary variable.

Ashraf et al. (2006) also identified a third class of preferences. If the respondent was “patient

now, impatient later,” they were categorised as future biased. In the quasi-hyperbolic framework, future

bias is associated with a β > 1. While hyperbolic preferences and present bias are well established in the

literature, future-biased preferences are unexplained by any model of discounting and are largely overlooked

by the literature. Loewenstein (1987) briefly referenced the potential for ‘reverse time inconsistencies’ where

individuals may keep delaying consumption to maintain the anticipation of a future pay-off. More recently,

Takeuchi (2011) identified future bias in a laboratory experiment with financial pay-offs. However, only

Ashraf et al. have explored what determines whether somebody has future-biased preferences. They used

probit models to analyse three explanations for these preferences. Firstly, they believed noise in the survey

responses could largely explain future bias. Secondly, they investigated whether a misunderstanding of the

questions was relevant. If this explanation was valid, they expected to find a relation between education and

the probability of having future-biased preferences. However, no such relation was found, so Ashraf et al.

rejected this explanation. Finally, they found some limited evidence indicating that future cash-flow may

cause future bias. In particular, females who had access to cash at the time of their survey, but expected

this to deteriorate in the future, were more future biased.

3.3 Uniting the Two Fields

This paper seeks to investigate these explanations further by uniting the two literatures and investigating

whether the learning effect applies to discount functions. However, some justification is needed for making

this connection as, at one level, discount functions and cooperation games are very different. Whereas the

latter involves behaving strategically while interacting with other self-interested agents, the former is entirely

individual. Economics students may be more self-interested, which, in cooperation games, just happens to

align with conventional economic theory. When rational behaviour (following conventional economic theory)

diverges from self-interest, as in the case of discount functions, the reasons for expecting economics students

to behave more rationally are less obvious.

However, the extension of the learning effect to discounting is plausible. As with the cooperation

studies outlined above, conventional economic theory predicts a certain behaviour (exponential discounting)

that is not empirically observed. Further, as students are exposed to the rational and consistent behaviour of

homo economicus (exponential discounting) they may adjust their behaviour to fit that paradigm. Including

students from other degrees is still necessary even if there is no selection effect for discount functions.

Learning effects for economics students can be compared to any maturation effects experienced by students

on other degrees. The next section lays out how these effects are investigated.
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4 Methodology

Data was collected on the intertemporal preferences of 174 undergraduates from the Faculty of Social Sciences

at the University of Warwick. This section provides an explanation of how an individual discount function

was derived from each survey response. Finally, it outlines the strategy used to test the following hypothesis:

Hypothesis 1 : Economics finalists discount more conventionally than first-year economics students.

4.1 Questionnaire

Using Qualtrics, an online survey was prepared and distributed to undergraduates studying: Economics;

Economics, Politics and International Studies (EPAIS); and Philosophy, Politics and Economics (PPE).

While all respondents studied at least some economics, students on the pure Economics degree completed

twice as many economics core modules in the first two years of their degree. Although they may have

provided a better control, it was not possible to obtain permissions to distribute the survey to students

from degrees with no economics. 267 respondents started the survey but, after incomplete responses were

removed, only 174 responses were analysed. The questionnaire was split into two parts. Part 1 identified

respondents’ intertemporal preferences. Part 2 identified some relevant characteristics of respondents, such

as their degree and their year of study. Data was also collected on the time each respondent took to answer

the questionnaire and the order in which they received the questions in Part 1.6

4.2 Indifference Points

To estimate an individual’s quasi-hyperbolic discount function (Equation 3), data is needed on two points

of indifference. Firstly, to find the long-run discount rate (δ), which is independent of present bias, an

indifference point between two future outcomes is required. Secondly, an indifference point is required

between an immediate outcome and a future outcome. This can be compared with δ to calculate how much

present bias (β) causes a deviation from the long-run discount rate.7

6The order of these questions was randomised using Qualtrics’ Randomizer function to mitigate any systematic bias that
may emerge from encountering and answering the first question.

7A full derivation is provided in Appendix A.
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Part 1 obtained these indifference points using the titration procedure (Hardisty and Weber, 2009;

Barile et al., 2018). Respondents were asked to identify their preference in ten pairwise comparisons of

hypothetical financial pay-offs. This question is reported in the following table, for question 1, k=0, and for

question 2, k=50:

A.£100,000 in k years or A’. £90,000 in k+5 years

B.£100,000 in k years or B’. £100,000 in k+5 years

C.£100,000 in k years or C’. £110,000 in k+5 years

D.£100,000 in k years or D’. £120,000 in k+5 years

E.£100,000 in k years or E’. £130,000 in k+5 years

F.£100,000 in k years or F’. £140,000 in k+5 years

G.£100,000 in k years or G’. £150,000 in k+5 years

H.£100,000 in k years or H’. £160,000 in k+5 years

I.£100,000 in k years or I’. £170,000 in k+5 years

J.£100,000 in k years or J’. £180,000 in k+5 years

As a single indifference point (rather than an interval) was required for each individual, if an

individual preferred D to D’ and E’ to E, their indifference point was assumed to be the midpoint of the

D’-E’ interval. That is, this individual achieved the same utility from, or was indifferent between, receiving

£100,000 immediately and receiving £125,000 in 5 years.8

4.3 Model

Using OLS, a model for β is estimated:

βi = α+

6∑
j=1

φj (year∗degree)ji+

2∑
λ=1

γλgenderλi+

6∑
z=1

γzincomezi+γ3δi+γ4 ln(duration)i+γ5orderi+εi (4)

The model uses robust standard errors to counteract heteroscedasticity. Several of the variables

collected in Part 2 of the questionnaire are included in the model as controls. The key independent variable is

Final Year*Economics, one instance of the interaction between year*degree. Including the interaction term

allows a unique learning effect to be identified for each degree. The next section outlines some summary

statistics for the variables investigated.

8If a respondent prefers a future outcome, consistency requires that they preferred all greater future outcomes. Preferring
£130,000 in 5 years over £100,000 immediately cannot be reconciled with preferring £100,000 immediately over £180,000 in 5
years.
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5 Data

The long-run discount factor, given by δ, has a mean of 0.954. It is necessary to control for δ, in a regression

for β, because long-term impatience is intuitively related to short-term impatience. In addition, other papers

have included both β and δ in their analysis (Ida, 2014).

The degree of present bias, measured by β, has a mean of 0.975. Further, the modal and median β is

Figure 1

1, associated with exponential discounting. Thus, the mean respon-

dent (who has the mean β and δ) achieves the same utility from

£100,000 immediately and £144,013 in 5 years; and achieves the

same utility from £100,000 in 50 years and £125,954 in 55 years.

While measures of central tendency fit theoretical predictions on the

nature of β, the distribution does not (Figure 1). A quarter of the

respondents were future biased (β > 1).9

Data was also collected on each respondent’s year of study,

degree, gender, parental household income, time spent completing

the survey, and which of the two randomised questions they received

first. These variables are all included in the final model. Full sum-

mary statistics are provided in Appendix D. The rest of this section

points out several key features of the data and justifies the inclusion of each control in the regression.

Firstly, each year group makes up roughly a third of the dataset (Appendix C.4). Thus, there

is enough data to assess the learning effect. Secondly, economics students make up 73.1% of respondents

(Appendix C.5). Consequently, the subcategories for non-economics students are very small, and conclusions

about the selection effect should be treated with caution. Thirdly, it is important to control for gender

because previous research has identified women as more patient than men Dittrich and Leipold (2014). The

sample is balanced in terms of gender (Appendix C.6). Fourthly, as this paper deals with financial pay-

offs, it is necessary to control for income. An individual’s current wealth, and how they expect this will

change, may affect their preference for more money. However, data on student incomes is noisy. Students

may receive money from their student loan, their family, and any part-time work, scholarships, or savings.

Consequently, respondents were asked about the annual income of the household in which they grew up.

Over 43.1% of students reported a parental household income of £75,000 or above (Appendix C.7). Including

more granular categories would provide a better understanding of the financial situation of the respondents.

Fifthly, controlling for the time taken to complete the questionnaire gives some measure of the quality of

responses. As the pay-offs included in this paper were only hypothetical, respondents may have rushed

to complete it as quickly as possible, putting little thought into their responses. To reduce the impact of

outliers, the natural log of duration was calculated. The distribution of this new variable is provided in

Appendix C.8. Finally, including a variable indicating the question respondents received first intends to

confirm that the order in which these questions were asked had no impact.

9Ashraf et al. (2006) identified a similar proportion of future-biased respondents.
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6 Results

Throughout, the results are reported relative to the default individual. This default individual is a female,

first-year economics student whose parents earned over £75,000. Several different specifications of the model

are discussed. The primary specification is estimated by OLS with β as the dependent variable. This is

estimated over three different sample sizes. Firstly, future-biased preferences are excluded, this is referred to

as Restriction 1. Secondly, the entire sample is included. Thirdly, present-biased preferences are excluded,

this is referred to as Restriction 2. These restrictions allows an investigation of whether any learning effect

is driven by the increased likelihood of discounting exponentially or by the reduced likelihood of having

future-biased preferences. Other variations to the primary model are also discussed. Several probit models

are estimated, with a binary dependent variable for each class of preferences. A different derivation of β is

also considered.10 Finally, several robustness checks are briefly mentioned. The rest of this section details

these results after briefly outlining adapted versions of Hypothesis 1.

When considering only the theoretically justified discount functions (exponential and hyperbolic),

β is bounded between 1 and 0. Consequently, a higher β is associated with more rational behaviour.

Restricting the domain to exclude any future-biased preferences leaves the hypothesis unchanged. Thus, it

is still expected that finalists are more likely to discount exponentially than first-year students:

Hypothesis 1: Economics finalists discount in a more conventional way than first-year
economics students.

Hypothesis 1.1: In a regression on β, with first-year students as default, the coefficient on
Final Year (whether a student is in their final year) will be significantly
positive.

However, extending the sample to include future-biased preferences necessitates a different inter-

pretation of β. In a regression on β, a negative coefficient on Final Year may be interpreted as evidence for

Hypothesis 1 because it indicates finalists are less likely to be future-biased. Alternatively, it may be inter-

preted as evidence against Hypothesis 1 because it indicates finalists are more likely to discount hyperbolically

than exponentially. Thus, an updated hypothesis, based on a more relaxed definition of conventional dis-

counting, is required. Under the relaxed definition, conventional discounting refers to discounting explained

by either the exponential or hyperbolic model. That is, any preferences that are not future-biased are con-

sidered rational. Thus, in the unrestricted sample, it is expected that finalists are more likely to discount in

a way explained by any economic theory than first-year students:

Hypothesis 1.2: In a regression on β, with first-year students as default, the coefficient on
Final Year (whether a student is in their final year) will be significantly
negative.

10Previously β and δ had been calculated using the following intervals: Immediately vs. 5 years and 50 years vs. 55 years. In
this case, a new β and δ are calculated for each individual using the following intervals: Immediately vs. 5 years and 10 years
vs. 15 years.
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6.1 Learning Effects

Figure 2: Selected regression results11

A significant learning effect is identified in some models. However, as outlined above it is difficult

to isolate what drives this learning effect. In a regression with Restriction 1 (Model 1), a learning effect is

only identified at the 10% significance level. Further, the coefficient on β is negative, indicating, if anything,

finalists are more present biased than first-years. When the sample is extended to include all respondents

(Model 2), more evidence of a learning effect is identified. The coefficient on Final Year is -0.083 and

significant at the 5% confidence interval. However, again, interpreting this is difficult. To identify whether

this significance is driven by finalists discounting more hyperbolically or being less future-biased, a third

regression with Restriction 2 is estimated (Model 3). In this regression, no learning effect is identified. Thus,

in opposition to Hypothesis 1.1, there is further weak evidence that the significant learning effect is driven

by finalists being more present biased and thus discounting more hyperbolically.

In a regression re-estimated as a probit model with the binary dependent variable hyperbolic

(whether a respondent discounts hyperbolically), no learning effect is identified with Restriction 1 (Model

4), even at the 10% level. However, evidence against Hypothesis 1.1 is identified in a probit model with an

unrestricted sample (Model 5). In particular, there are significant differences between both first- and second-

year students, and first- and final-year students, but only at the 10% interval. This again indicates finalists

are more likely to discount hyperbolically. Estimating a new probit model (Model 6) with the dependent

variable exponential (whether a respondent discounts exponentially) provides no evidence of learning effects.

In fact, this entire model is insignificant. Estimating a fourth probit model (Model 7) with the dependent

variable future-biased (whether a respondent has future-biased preferences) provides support for Hypothesis

11All regression results are presented in Appendix E.

9



1.2 at the 10% interval, indicating finalists are less future-biased than first-year students.

As a robustness check, data was also collected on how individuals responded to a common delay

of 10 years. With this adjustment, there is no evidence of a learning effect with Restriction 1 (Model 8) or

Restriction 2 (Model 10). This indicates finalists are no different from first-year students in their tendency

either to discount exponentially or to have future-biased preferences. However, a learning effect is identified

when the sample is extended to include future-biased preferences (Model 9). This learning effect, significant

at the 10% level for Second Year and at the 5% level for Final Year, is similar to the learning effect identified

in the unrestricted sample using the original β (Model 2). As the results identified using a 50-year common

delay are largely the same as the results from using a 10-year common delay, they appear to be robust to

the length of the delay.

In summary, finalists have a significantly lower β than first-year students. However, with this

data it is not possible to isolate what is driving this. The evidence weakly suggests that, relative to first-

year students, finalists are less likely to have future-biased preferences but are also more likely to discount

hyperbolically. Thus, this evidence supports Hypothesis 1.2 but rejects Hypothesis 1.1. No significant

differences were identified between second-year students and finalists. Similar learning effects were identified

for PPE students. This indicates that any learning effect emerges from modules taken by both Economics

and PPE students, or that it is just a maturation effect. However, only 31 PPE students completed the

survey. The sample size of each category, when divided by year and preference class, is so small that these

results should be treated with great caution.

6.2 Selection Effects

As outlined previously, there is less intuition behind expecting a selection effect in discount functions than

there is for social cooperation games. Further, the selection effect is only significant for EPAIS students

under Restriction 1 (Model 1). As this is based on the differences between only four students, this paper

can say very little about selection effects.

6.3 Determinants of Future-Biased Preferences

As mentioned previously, Ashraf et al. (2006) suggested three explanations for future-biased preferences. The

first explanation predicted that noise in the survey responses was responsible for the existence of future-biased

preferences. In this case all variables should be insignificant. However, this explanation is not supported

by the data. Firstly, all but one of the models are significant. Secondly, even if the learning effect is not

significant, delta, the measure of long-run discounting, is significant. Further, males have a significantly

lower β than females, except under Restriction 1. Thus, these responses are not just noise.

The second explanation suggested future-biased responses were driven by a misunderstanding of

the questions. Students who were unfamiliar with discounting may not have thought through their an-

swers, yielding unexplained future-biased preferences. While Ashraf et al. identified no relationship between

10



responses and education, such a relationship is identified with this data. Under their interpretation, the

supposed learning effect, as outlined above, may just emerge from more finalists understanding the ques-

tions. To investigate this further, ln(duration) (the natural log of time respondents took to complete the

survey) was included in the regressions. Although this is not a perfect measure of understanding, it is the

best available proxy for the quality of a response. People who may not have understood the questions may

have rushed through the survey leading to some unexplained future-biased preferences. Consequently, if

the misunderstanding explanation held, ln(duration) would be negatively associated with β. Upon a visual

inspection of the correlation between ln(duration) and β (Appendix C.9), there is no obvious relationship

between the two. Further, ln(duration) is insignificant, even at the 10% level, in all regressions. It may be

argued that duration is insignificant because the misunderstanding effect is already being captured by the

inclusion of different years of study. However, even in a regression of only first-year students (Model 15),

ln(duration) is insignificant. Thus, the misunderstanding explanation also fails.

Ashraf et al.’s final suggestion was that an expected deterioration in financial situation would lead

to future-bias. The schedule of pay-offs in this paper was chosen to mitigate any such cash-flow effects which

may occur for smaller delays. Although no data was collected on the respondents’ expectations of their

future financial position, data was collected on parental income. For this explanation to be valid, those in

a better financial position (higher parental income) should be more future biased (Appendix B). Income

is significant for some categories in some models. Where it is significant, the coefficient is negative. This

indicates the default individual, who is in the richest category, has a higher β. This provides some weak

support for the cash-flow explanation. This effect is stronger when β is derived from the 10-year delay which

fits with the understanding that the cash-flow explanation is more relevant for shorter-term pay-offs.

Ultimately, of Ashraf et al.’s three suggested explanations for future-biased preferences, only the

cash-flow explanation is supported by this data. However, they may have missed an important explanation.

While Ashraf et al. assumed education would decrease the misunderstanding of the questions, they did

not consider that education may change the discount function itself. This paper finds that the learning

effect, because it changes the discount function, may be significant in determining whether somebody has

future-biased preferences.

7 Concluding Remarks

The results of this paper must be taken with caution. Firstly, even the full sample size is less than 200

observations. Future research should repeat this work with more observations. Secondly, the actual behaviour

of respondents may deviate from their responses to hypothetical pay-offs. Offering financial pay-offs may

solve this problem. However, the magnitude and schedule of pay-offs in this paper cannot feasibly be used,

and scaling them down, even proportionally, would change people’s preferences. Thirdly, respondents were

incentivised to complete this survey by the chance to win a £10 Amazon Voucher. Respondents with less

money are both more likely to opt-in to this survey and more likely to be present biased. Thus, selection bias

may lead to an over-estimation of present bias in this sample. Finally, removing the δ variable, which drives
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much of the variation and is strongly significant throughout, makes the models insignificant. Nonetheless,

the contributions this paper makes are unique.

This paper explores the determinants of the discount function with a new level of detail. Some

evidence for the learning effect exists. That is, finalists have significantly different discount functions than

first-year students. However, more research is required before it can be identified whether this is because

finalists are more present biased, or less likely to have irrational future-biased preferences. No selection

effect is identified. This paper also extended Ashraf et al.’s investigation of the determinants of future-

biased preferences. While some weak support for the cash-flow explanation is identified, the noise and

misunderstanding explanations are rejected.
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A Appendix A: Deriving β and δ

The quasi-hyperbolic discount function is: Ut (c1, . . . , cT ) = u (ct) + β
∑T−t
k=1

[
δku (ct+k)

]
where δ = 1

1+ρ

Assuming utility is linear in consumption: U(ct) = ct

The discount function can be simplified to: Ut (c1, . . . , cT ) = ct + β
∑T−t
k=1

[
δkct+k

]
where δ = 1

1+ρ

k refers to the delay in period

t refers to the period in which utility is being assessed

In this case utility is always immediately, hence t=0.

By design, an agent receives a pay-off in one
period only. They choose whether that pe-
riod is k or k+5 (where k=0,10,50) when they
choose which of each pair they prefer. As a
result, utility can be expressed by one term.

Utility from an immediate pay-off: U0(c0) = c0

Utility from an immediate pay-off: U0 (ck) = βδkck

For k=0 an individual chooses between: U0(c0) = c0

U0 (c5) = βδ5c5

Indifferent between the pay-offs when: U0 (c̃0) = U0 (c̃5)

c̃0 = βδ5c̃5

β = c̃0
δ5c̃5

δ5 = c̃0
βc̃5

To solve these equations, another set of simul-
taneous equations is required. This is derived
from a second pairwise comparison (where
k=50) where an individual chooses between
a pay-off in 50 years and a pay-off in 55 years.

This yields the following:
U0 (c50) = βδ50c50

U0 (c55) = βδ55c55

Indifferent between these pay-offs when:
U0 (c̃50) = U0 (c̃55)

βδ50c̃50 = βδ55c̃55

Rearranging yields: δ5 = c̃50
c̃55

Equating two expressions: for δ5 yields β = c̃0(
c̃50
c̃55

)
c̃5

Hence the β and δ of each individual can be
expressed in terms of their responses.
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B Appendix B: Decisions on Magnitude and Scale of Pay-Offs

In the process of preparing this questionnaire, the pay-offs were carefully chosen to maximise the variation in

responses, considering the respondents were undergraduates. Without this variation (if all undergraduates

chose the same option) it would not be possible to analyse what causes differences in discount functions

because there would be no differences. Several of these variation-maximising decisions are now outlined.

Firstly, as they move into the labour force, the income of a typical student will increase significantly

within the next 5 years. Thus, they have a higher marginal utility for money now than they will in the

future. Consequently, students may be more present biased than other people. Selecting pay-offs that ensure

students do not all prefer the immediate outcome is necessary to yield sufficient variation in the dependent

variable β. As the absolute pay-off increases, more people are prepared to wait, even if the relative pay-off

is constant. For example, very few students would be willing to wait 5 years for £13 when they can receive

£10 immediately. As a result, the pay-offs were very large.

Secondly, the schedule of pay-offs was also chosen to isolate present bias as best as possible. If the

common delay is too large, the possibility of death, and never receiving future pay-offs, may confound the

results. If the common delay is too small, present (or near-future) bias may also impact the delayed pay-off.

A common delay of 50 years is optimal given this trade-off. In addition, a delay of 5 years (Immediately

vs. 5 years; 50 years vs. 55 years) was selected to ensure all respondents would have completed their

undergraduate degree by the time they would receive the delayed pay-off. Shorter delays would yield an

unfair assessment of the learning effect. For example, after a one-year delay, first year students would have

remained on a student budget. However, finalists would have entered the labour market after this one-year

delay and would be earning significantly more money. Consequently, final year students, expecting a large

improvement in their financial situation, may be more impatient, due to the diminishing marginal utility of

money. Put simply, receiving £1 when they have less money is worth more than receiving £1 when they

have more.

Further, using these delays limits the impact of cash-flow problems that others have identified as

the driver of future-bias preferences. Using shorter delays (Immediately vs. 1 month; 6 months vs. 7 months)

Ashraf et al. (2006) found people who expected a deterioration in their financial position were more likely

to be future-biased. This deterioration may be based on seasonal changes. For example, a farmer may have

recently sold their harvest and have lots of cash now, which they will have to rely on for the rest of the year,

meaning they have much less money in 6 months. However, pay-offs in 50 years are sufficiently far into the

future to avoids this seasonal variation. While this paper has deliberately selected certain pay-offs and time

intervals, future research could investigate how changing these factors may influence the results.
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C Appendix C: Graphs

Figure 3: C.1

Figure 4: C.2
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Figure 5: C.3

Figure 6: C.4
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Figure 7: C.5

Figure 8: C.6
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Figure 9: C.7

Figure 10: C.8
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Figure 11: C.9

D Appendix D: Summary Statistics
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E Appendix E: Regression Results

Figure 12: Robust Standard Errors in Parantheses ***p<0.01, **p<0.05, *p<0.1
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