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Consumers face an intertemporal trade-off when choosing a contract period of a periodically offered product

or service - a short contract period gives consumers the flexibility to switch plans or providers while a long

one provides a price discount. To understand how consumers will discount future continuous benefits and

its impact on their willingness-to-pay for contract periods is important especially for firms offering a product

or service with periodic (monthly, yearly or seasonal) contractual pricing plans. In this paper, we characterize

empirically individuals’ discounting behavior of future continuous benefits which they receive from periodic

use or access to a product or service. We show that individuals’ discounting of future benefits is heavily biased

towards the present. In particular, the rate at which future benefits are discounted decreases as the contract

period gets longer. But after a certain length of contract duration, there is a structural break and discount

rates increase. Our results show that these systematic discontinuities in consumer’s discounting behavior are

largely attributable to the interplay of contract length, price discounts and consumers’ valuation of flexibility.

Using a novel incentive-compatible experimental setting, we show that the empirical pattern of individuals’

discounting of future continuous utility is robust even when consumers receive a monetary incentive to dis-

count future benefits without any time inconsistency.

Key words : Intertemporal Discounting Behavior, Preferences for Flexibility, Pricing, Change Point Model

1. Introduction

Individuals frequently contend with intertemporal choices between an outcome in the

present and one in the future. Such decisions may involve choosing an immediate con-

sumption (e.g., buying a car) or saving money for future consumption (e.g., for retire-

ment), or pursuing a higher education degree or joining the work force. A rich stream

of past literature describes the relative value that individuals assign to two or more pay-

offs at different points in time (Ariely and Loewenstein 2000, Ariely and Zauberman
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2000, Laibson 1997, Loewenstein and Prelec 1992, Thaler 1981). However, an intertem-

poral choice is not only involved when payoffs occur at future discrete time points but

also when individuals have to choose between different durations of future continuous

benefits and any associated costs. An example of such an intertemporal decision is the

choice between a short subscription period associated with a high price per time unit

and a long subscription period associated with a smaller price per time unit. Other exam-

ples in which customers have to choose contract durations include mortgage agreements,

leasing agreements, insurance contracts or travel packages (i.e. the second week of such

holiday offers is often cheaper).

Subscriptions or flat rate plans are a popular contract-based pricing mechanism for a

variety of products and services such as health clubs, online information services, news-

papers, Internet access, software updates or pay TV. Such pricing plans are characterized

by different time periods (daily, monthly, quarterly, yearly or two-yearly or seasonal) and

a decreasing price per time unit (a time-based price discount) as the length of the sub-

scription or flat rate period increases. Contract-based tariffs such as subscriptions or flat

rates can be described as block tariffs, a specific form of non-linear pricing, in which the

price per time unit decreases after a specific length of duration. For example, in case of

the Wall Street Journal Online, a customer pays $60 for 26 weeks or $100 for 58 weeks. In

this case, while the duration of access to the service doubles, there is only a 66% increase

in price.

From consumers’ perspective, the incentive for choosing a longer contract (or subscrip-

tion) period comes from time-based price discounts. Beyond that customers’ choice of a

specific plan or tariff involves an intertemporal decision based on future consumption.

The literature on intertemporal choice (Loewenstein and Prelec 1992; Frederick et al. 2002;

O’Donoghue and Rabin 1999; Thaler 1981; Zauberman 2003) shows how customers dis-

count future utility and how their choice of tariffs is influenced by uncertainty about

future consumption needs (DellaVigna and Malmendier 2004). In the context of contract-

based plans, individuals may choose a plan with a longer period only if their additional

cumulative discounted utility of consuming the product or service over a longer period

is larger than the additional fee they have to pay.

From a firm’s perspective, there are several advantages of selling longer contract peri-

ods (e.g. longer subscription or flate-rate plans) to customers. First, the marginal cost,

especially for largely fixed cost-based products or services (such as health clubs, software,
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pay TV or online information services), are low or even zero. Second, customer lock-in

effects can be achieved. Third, as customers usually pay the full subscription price at the

beginning, a firm can leverage the increased assets based on interest rates in the market-

place.

In this paper, our objective is to characterize empirically individuals’ discounting

behavior of future continuous benefits which consumers receive from periodic (monthly,

yearly or seasonal) use or access to a product or service offered with contracts or license

agreements (such as subscriptions or flat rate plans). To do so, we propose a model of

how consumers evaluate and discount future continuous benefits. Our proposed model

accommodates any shifts (or discontinuities) in consumers’ discounting behavior due to

the interplay of contract length and their valuation of flexibility. We also develop a novel

incentive-compatible experimental design to measure consumer’s accurate and true dis-

counting of future continuous benefits.

We derive the following three key results. First, using controlled laboratory experi-

ments, we show that individuals’ discounting of longer contract periods providing a

future continuous stream of utility is heavily biased towards the present. In particular,

the rate at which future utility is discounted over time decreases as the contract period

gets longer. This finding is consistent with hyperbolic discounting (e.g., O’Donoghue and

Rabin 1999; Thaler 1981; Zauberman 2003). Second, the results of our experiments also

show that there are systematic discontinuities in consumer’s discounting behavior largely

attributable to the interplay of contract length, price discounts and consumers’ valua-

tion of flexibility. Put differently, a hyperbolic function alone cannot explain the entire

variation in consumers’ discounting pattern. In all our studies, we find that the monthly

discount rate has a robust pattern - the discount rates initially decrease with contract

duration (consistent with hyperbolic discounting), but after a certain length of contract

duration, there is a structural break and discount rates increase slightly. We find that the

location of the structural break is closely linked to the contract duration that consumers

typically choose. Third, using a novel incentive-compatible experimental setting, we show

that the empirical pattern of individuals’ discounting of future continuous utility is robust

even when they receive a monetary incentive to behave rationally and discount future

benefits without any time inconsistency. The result of our incentive compatible experi-

ment lead to important implications about individuals’ intertemporal discounting behav-

ior in general namely that individuals’ are not able to discount future outcomes without

a bias towards the present although they have an incentive to do so.
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The remainder of the paper is organized as follows. In Section 2, we describe past

research on intertemporal choice that relates to individuals discounting of a future contin-

uous stream of utility. In Section 3, we introduce a model of how consumers evaluate and

discount benefits coming from a continuous stream of utility. In Section 4, we characterize

consumers’ discounting patterns of future benefits. Section 5 concludes with a summary

of results and directions for future research.

2. Theoretical Development

In the past few decades, research on intertemporal choice has gained a lot of attention.

John Rae, the pioneer of this area of research, suggested that both psychological and soci-

ological factors may explain how individuals make intertemporal decisions regarding

accumulation of wealth over their lifetime (Rae 1834). Jevons (1888), BohmBawerk (1889)

and Jevons (1905) further developed the psychological underpinnings of individuals’

time preference behavior. In contrast to the vivid description of intertemporal decisions

from a psychological perspective, Samuelson (1937) introduced the parsimonious and

tractable Discounted Utility Model (DU model), which summarized the role of all under-

lying factors using a single parameter (the discount rate). Since its introduction, the DU

model has been the building block for describing intertemporal decisions. In the last few

decades, however, economists and psychologists have collected much empirical evidence

to refute many of the model’s assumptions. See Frederick et al. (2002) for a review of the

main criticisms of the DU model.

The best documented empirical anomaly of the DU model is that individuals have

present-biased preferences such that the rate at which an outcome is discounted over time

is higher over a short than over a long time horizon (Strotz 1955, Thaler 1981). Alterna-

tive models such as the Hyperbolic Discounting Model (Loewenstein and Prelec 1992), or

the Quasi-Hyperbolic Discounting Model (Laibson 1997) have been proposed to capture this

empirical phenomenon.1

Hyperbolic discounting. A rich stream of past literature on individuals’ intertemporal

preferences has focused on their discounting of utility at discrete future time points (Ariely

and Loewenstein 2000, Ariely and Zauberman 2000, Laibson 1997, Loewenstein and

1 Several authors have also used discounting models to focus on other aspects of intertemporal choice such as cognition
in decisions (DellaVigna and Malmendier 2006, Ainslie 1975, O’Donoghue and Rabin 2000), reactions to cues (Wilson
and Daly 2004, Mano 1992, Winkielman et al. 2005), and delay of gratification (Mischel and Ebbesen 1970, O’Donoghue
and Rabin 2001, Mischel et al. 1972).
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Prelec 1992, Thaler 1981). More recent literature has considered the impact of “duration”

and “intervals” on individuals’ discount patterns (Ariely and Loewenstein 2000, LeBoeuf

2006, Overton and MacFadyen 1998, Read et al. 2005, Scholten and Read 2006, 2009).

However, such investigations have been in the context of how far future outcomes are

removed from the present, how far these outcomes are removed from one another and its

effect on the evaluation of a sequence of outcomes.

As described above, contract business models such as subscriptions or flat rates pro-

vide consumers future continuous benefits which they receive from periodic (monthly,

yearly or seasonal) use or access to a product or service. In such contexts, consumers have

to discount future benefits over a continuous duration rather than at discrete future time

points. Based on the findings of past research for individuals discounting of utility at dis-

crete future time points, we anticipate that individuals discounting of future continuous

benefits is also biased towards the present and the discount rates follow a hyperbolic pat-

tern. However, as we next discuss, a hyperbolic pattern alone may not explain the entire

variation in consumers discounting pattern.

Multiple temporal reference durations in intertemporal choice. In the context of contract-

based products or services, consumers face a trade-off - a contract-based plan of short

duration usually has a high price per-time unit but gives consumers the flexibility to

switch plans or providers at the end of the contract. With a long contract-based plan, con-

sumers lose their flexibility but benefit from time-based price discounts. For consumers, a

choice of a contract-based plan involves consideration of immediate costs (flat fee), future

continuous benefits from use of the product or service and their valuation of flexibility

(DellaVigna and Malmendier 2006). The latter can impact consumers’ discounting pattern

in a systematic manner.

Past research shows that purchase decisions over time are influenced by consumers

habitual level of consumption. In habit-formation models, the utility of consumption is

assumed to depend on past levels of consumption (Benartzi and Thaler 1995). A variety

of phenomena has been analyzed by using such habit-formation models. For instance,

Becker and Murphy (1988) and O’Donoghue and Rabin (2000) investigated the impact of

habit formation and time inconsistency for the consumption of addictive products. More

recently, Wathieu (1997) and Baucells and Sarin (2010) explicitly included habit formation

in discounted utility models and interpret the habitual level of consumption as a reference
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point. Such a reference point might depend on past consumption, expectations, social

comparison or status quo. Loewenstein (1988) and Loewenstein and Prelec (1992) has

discussed the impact of reference points on intertemporal decisions and shows that when

individuals choose between immediate and delayed consumption, the reference point

used to evaluate alternatives can significantly influence their intertemporal choice.

Psychologists allow a flexible interpretation of a reference point to arise from either the

decision makers’ habits, expectations, or aspiration levels (Tversky and Kahneman 1991,

Baucells et al. 2011). In the current context, consumers may be habituated to choosing

either a specific contract period (e.g. 24 months for cellular phone contracts or annual

gym memberships) or are in need of flexibility because they expect a change in their life

in the near future (e.g. they expect to start a new job or to relocate to another city). Both

of these may act as a reference duration (similar to a reference point) for an intertemporal

choice between contract periods of services. Thus, there may be multiple candidates for

reference durations that may impact consumers intertemporal preferences.2

The presence of reference durations may lead to shifts or discontinuities in consumers’

discount pattern of a future stream of utility (i.e., structural interruptions in the discount

function) when consumers compare the contract duration with the reference duration.

Specifically, different discount functions for benefits may be required when contract dura-

tions are either smaller than or exceed the reference durations. In sum, we anticipate that

when reference durations are involved in consumers intertemporal trade-offs between

contract periods, there will be systematic shifts in discounting behavior.

3. A Model of Consumers’ Intertemporal Preferences

In this section we introduce a parsimonious consumer utility model that incorporates

consumer discounting of future benefits and utility over a continuous duration. The pro-

posed model accommodates any structural breaks in consumers’ discounting behavior

due to the interplay of contract periods and consumers’ valuation of flexibility. Next, we

derive consumers’ willingness-to-pay (WTP) function for a contract period. Finally, we

show how consumers’ discounting pattern can be inferred from their WTP for different

contract periods.

2 Many other contexts also involve multiple reference points. For instance, in a grocery context, consumers observe
multiple prices and compare those with reference prices (Lattin and Bucklin 1989, Putler 1992)
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3.1. Utility model

Consider a single firm offering a product or service based on J plans. Each alternative

j (j = 1, . . . , J) is described in terms of length of time a customer can access the service

and a one-time flat fee to be paid when signing a contract (e.g., a health club membership

for 3 months for a flat-fee of $300.-). For an alternative j, let the contract duration be Tj .

We assume that the utility consumer i associates with product j, vij(Tj) starts from zero,

vij(0) = 0, and increases with duration. We formulate a discounted utility type specifica-

tion (Samuelson 1937) where the utility from the alternative j depends on the duration

that a consumer has access to the service. Thus,

vij(Tj) =

∫ Tj

t=0

νiδi(t)dt, (1)

where νi ≥ 0 is the utility consumer i derives from consuming product or service j for

a unit time interval. In line with intertemporal choice literature (Read 2008) we assume

νi is constant and not changing over time.3 The consumer-level discount function, δi(t),

for future utility from a product or service can be a function of time. The overall utility

(vij(Tj)) is the discounted utility from accessing service j for duration Tj . Note that the

utility function reduces to vij(Tj) = νi · Tj when consumers do not discount future utility

(i.e., δi(t) = 1.0).

We assume that consumer i (i= 1, . . . , I) cannot choose more than one alternative. Let

p(Tj) denote the one-time flat fee that a consumer pays for receiving access to service j

for duration Tj . Let yi be the consumer-specific budget. Consistent with economic theory,

we assume that there is an individual-specific composite (outside) good with unit price

p
y
i . A consumer can spend the entire budget on the composite good, or spend some of it

on the composite good and the rest to buy one of the J choice options (e.g., service j with

Tj duration). Let zij denote the number of units of the composite good.

Let uij(Tj, zij) represent the utility consumer i obtains from Tj duration of service j and

zij units of the composite good. We assume that the consumer maximizes his or her utility,

subject to a budget constraint p(Tj) + zijp
y
i = yi. Without loss of generality, we normalize

the price of the composite good to unity, i.e., pyi = 1. Hence the number of units of the

3 This assumption is reasonable for any utilitarian good (e.g. Internet access) but may not be plausible for hedonic goods
(Ratner et al. 1999)
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composite good is given by zij = yi − p(Tj). We specify the following quasilinear utility

function for consumer i:

uij(Tj, zij) = vij(Tj)+βi(yi− p(Tj)), (2)

where vij(Tj) is specified in equation (1) and βi > 0 is the income effect or price sensitivity.

Let j = 0 denote the no-choice option. Then the utility of allocating the whole budget

to the composite good (i.e., no-choice) for consumer i reduces to ui0(0, yi) = βiyi since

vi0(0) = 0. Thus, a utility maximizing consumer would choose alternative j if it has the

maximum utility {uij >uik, k= 0, . . . , J, k 6= j} and would choose none of the alternatives

if the no-choice option (j = 0) has the maximum utility {ui0 > uij , j = 0, . . . , J}. Note that

in a choice context, the term βiyi is irrelevant to the choice decision since it is a consumer-

specific constant across alternatives. Consequently, the utility of the no-choice option is

set to zero.

Using this utility model, we can determine consumers’ willingness-to-pay for a given

duration of service. When the utility function is quasilinear, utility maximization is equiv-

alent to surplus maximization (Jedidi and Zhang 2002). Then dividing uij(Tj , zij) in equa-

tion (2) by the price coefficient βi gives the consumer surplus function:

sij(Tj) =
vij(Tj)

βi

− p(Tj) = θi

∫ Tj

t=0

δi(t)dt− p(Tj), (3)

where sij(Tj) is the surplus (WTP − price) that consumer i derives from choosing alter-

native j and θi =
νi
βi

is consumer i’s WTP for a unit time interval of the service with no

discounting.

The left-hand side component of equation (3) represents the WTP function which

describes the maximum price a consumer is willing to pay for a given duration of service

j.4 This function is given by:

WTPij(Tj) = θi

∫ Tj

t=0

δi(t)dt. (4)

4 WTP or reservation price is the price that equates the utility of consuming Tj units of service j to the utility from
no-choice, which is set to zero (see Jedidi and Zhang (2002)).
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Figure 1: WTP Function for Different Types of Discounting
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−β
α  with α = 0.03 and β = 0.025

Consequently, we can specify consumer i’s WTP of each time unit (e.g. a month) of alter-

native j with contract length Tj simply by dividing the right hand side by length Tj .

WTP
(per time unit)
ij (Tj) =

θi

Tj

∫ Tj

t=0

δi(t)dt. (5)

For illustration, assume that consumer’s willingness to pay for contract period of one

time unit is $100.- (WTP
(per time unit)
i (1) = 100). Figure 1 illustrates the shape of the monthly

WTP function for different types of discount functions δ(t). The monthly WTP function

is constant when δi = 1. As the figure indicates, there is a clear relationship between WTP

and consumers’ discount pattern. Thus, determining the WTP for a contract period will

allow us to infer the underlying discount pattern.

3.2. Discount Function

Past research on individuals’ intertemporal choice and discounting has shown that indi-

viduals have present-biased preferences, which results in a hyperbolic pattern of their dis-

count rates (Strotz 1955; Thaler 1981). It is, therefore, reasonable to expect such a discount
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pattern also in the present context as well. A function that allows for hyperbolic discount-

ing, and nests constant (exponential) discounting as well, is the generalized hyperbola

discussed in Loewenstein and Prelec (1992), namely

δ(t) = (1+αt)−
β

α , α, β > 0. (6)

The parameter α captures the divergence from constant discounting. As the parameter

α becomes close to 0, the discount function δ(t) simply becomes an exponential function

with the discount rate β, i.e. δ(t) = exp(−βt). Consequently, in line with past research,

anticipating a hyperbolic discount pattern, we allow for decreasing discount rates but

also account for the possibility of constant discounting.

In the context of individuals’ discounting of contract periods with different lengths of

continuous utility, we anticipate that reference durations will be involved in individuals’

intertemporal trade-offs between contract periods, price discounts and flexibility. Such

reference durations may lead to shifts or discontinuities in consumers’ discount pattern of

a future stream of utility (i.e., a structural break in the discount function). We model these

shifts in individuals’ discount patterns as change points and allow for the parameters of

the discount function to differ before and after a change point.

Change point (CP) models were developed in the area of stochastic quality control to

accommodate structural breaks, shifts and changes in quality. For example, Khodadadi

and Asgharian (2008) discuss the application of change point methodology within regres-

sion analysis. Similarly, Barry and Hartigan (1993) develop a model within a Bayesian

framework to account for several structural breaks. We apply a change point modeling

framework to capture the impact of any structural breaks in consumers’ discounting pat-

tern of future continuous benefits.

For a consumer i, let t∗i be their latent change point. Then, the discount function is

specified as follows:

δi(t) =























(1+α
(1)
i t)

−

β
(1)
i

α
(1)
i , if t < t∗i

(1+α
(2)
i t)

−

β
(2)
i

α
(2)
i , if t≥ t∗i

(7)

with α
(1)
i , β

(1)
i (α

(2)
i , β

(2)
i ) describing the discounting behavior before (after) t∗i . Using this

parameterization of the discount function, we are able to estimate consumers’ willing-

ness to pay in the presence of intertemporal trade-offs between contract periods, price

discounts and flexibility.
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3.3. WTP- (Change-Point) Model

The generalized discount function (7), capturing shifts in the discounting behavior, leads

to the following WTP function:

WTP
(per time unit)
i (T ) =



























θi

T (α
(1)
i −β

(1)
i )

[

λ
(

T ;α
(1)
i , β

(1)
i

)

− 1
]

, if T < t∗i

θi

T (α
(1)
1 −β

(1)
i )

[

λ
(

t∗i ;α
(1)
i , β

(1)
i

)

− 1
]

+

θi

T (α
(2)
i −β

(2)
i )

[

λ
(

T ;α
(2)
i , β

(2)
i

)

−λ
(

t∗i ;α
(2)
i , β

(2)
i

)]

, if T ≥ t∗i

(8)

with

λ (t;α,β) = (1+αt)1−
β
α

We estimate the parameters of the discount function by gathering WTP data from respon-

dents. A detailed description of model estimation is provided in Appendix A.

4. Discounting Pattern Of Contract Periods With Different Durations

We describe two experimental studies that reveal consumers’ discounting pattern of

future continuous benefits which they receive from periodic (monthly, yearly or seasonal)

use or access to a product or service offered with contracts or license agreements. In the

first study, we collect data using an adaptive online survey in which we ask participants

to state the maximum price they are willing to pay to switch to various contract dura-

tions of a service conditional on their willingness-to-pay (WTP) for a baseline contract

duration of that service. We ask such conditional questions as we are interested in infer-

ring consumers’ discounting pattern and not in their absolute WTP for the focal service.

The results of the first study provide evidence for hyperbolic discounting but also for

significant structural changes in consumers’ discounting behavior. In the second study,

we address the limitation of self-stated WTP surveys as being not incentive compatible

by developing a novel incentive compatible mechanism to gather individuals’ accurate

and true discounting of future continuous benefits. The results confirm the robustness of

our key finding that there are structural changes in consumers’ discounting pattern even

when consumers have an incentive to discount future benefits without any time inconsis-

tency.
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4.1. Study 1 - Adaptive Web Survey

Study 1 explores consumers’ discounting behavior while they decide to stay with a base-

line subscription plan or to switch to an alternative plan with a longer contract duration.

In particular, we ask consumers to state their WTP to switch from the baseline plan to

an alternative plan with a longer contract duration. We used Internet access as the focal

service based on a pretest that indicated a majority of consumers use the service and

are comfortable answering questions about their willingness-to-pay for different contract

durations. As described above, we expect that respondents’ discounting of future stream

of utility may be influenced by several reference durations such as the baseline contract

duration and the maximum contract duration that they typically subscribe to a service.

The results of the first investigation support the idea of significant structural changes in

consumers’ discounting behavior as a direct consequence of the interplay between con-

tract durations and valuation of flexibility. The critical contract duration for consumers

reflects how much they value flexibility - the shorter (longer) is this duration, the more

(less) they value flexibility.

Method

This study was an adaptive web survey. A total of 212 participants completed the study.

At the beginning of the study, we asked all respondents three questions regarding their

individual willingness-to-pay for Internet access - (i) the respondent’s WTP for one month

Internet access, (ii) number of months of Internet access the respondent expects for $150.-

and (iii) the respondent’s WTP for three month Internet access. Using the responses to the

three questions, an online program calculated the average WTP of each participant for a

month of Internet access.

After answering the three questions, participants were randomly assigned to two dif-

ferent surveys. In the first version (“Absolute WTP”), participants stated the maximum

contract fee (in $) that they are willing to pay to switch from a month’s baseline contract

duration to a longer contract duration, i.e., "For which monthly price p, would you choose a

subscription of duration T months as compared to 1 month? $X.−" with p being the monthly

payment and T the subscription period (e.g., 12 months). As noted earlier, the fee for the

1 month baseline duration for each respondent was customized based on their responses

to the three initial WTP questions.

To account for any framing effects and their impact on respondents’ stated WTP, we

also collected data using a second version of the survey (“Expected Price Discounts in %”).
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In this version, respondents had to state the minimum price discount (in %) they expected

to switch to an alternative contract with a longer contract duration. Note that a different

wording of questions may lead to other inferences regarding respondents’ intertemporal

discounting behavior. A comparison of results from the two surveys then will show the

robustness of our findings.

In both surveys, each participant answered ten questions about switching to different

contract durations (i.e. 3, 6, 9, 12, 18, 24, 30, 36, 48, and 60 months) from a 1 month base-

line duration. The order of questions was counterbalanced. All participants were also

instructed that they would be paying the access fee for the entire contract period while

signing the contract. Next, we collected data from participants on various possible refer-

ence durations they may use while considering the contract for Internet access (which we

term as “critical” duration) - (1) subscription length they usually subscribe to, (2) maxi-

mum contract duration they have ever subscribed to, (3) maximum contract duration they

would consider in their choice between contract periods of different lengths, and (4) their

actual planning horizon. Such data on critical durations can be related to any structural

breaks in the observed discounting behavior. Finally, we collected demographic informa-

tion (age, gender, nationality and field of study).

Non-parametric Calculation of Discount Rate. Past research on individuals’ intertemporal

preferences has focused on their discounting of utility at discrete future time points (e.g.,

an indifference between $100 now and $150 in 2 months). In that context, it is straightfor-

ward to calculate an individual’s discount rate directly from the ratio of current and future

outcomes (e.g., Thaler 1981). In contrast, in the current setting, consumers are discount-

ing future benefits over a continuous duration. Thus, we cannot determine the discount

rate directly from just the ratio of observed indifference prices. We can still, however,

infer the consumer discounting pattern in a non-parametric manner (before estimating

the discount function based on our parametric model) while taking the continuous nature

of future benefits explicitly into account. We do so as follows. For a contract j with dura-

tion Tj , the monthly willingness-to-pay for individual i is:

WTP
(per month)
ij (Tj) =

θi

Tj

∫ Tj

t=0

δi(t)dt. (9)

Suppose consumers have a constant monthly discounting pattern. This implies that the
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discount factor δi(t) can be replaced by exp(−rit) where ri is a constant monthly discount

rate. Consequently, the monthly willingness-to-pay for individual i for contract j is given

by

WTP
(per month)
ij (Tj) =

θi

Tj

∫ Tj

t=0

exp(−rit)dt. (10)

We can simplify the above equation for determining the monthly discount rate. Recall

that for each respondent, WTP
(permonth)
i (1) (tariff for the baseline duration), is customized

and fixed in the survey. Then, according to the above model, the willingness-to-pay for

the baseline duration can be written as follows:

WTP
(per month)
i (1) =

θi

ri
(1− exp(−ri)) . (11)

We can solve for θi and obtain:

θi =
WTP

(per month)
i (1) · ri

1− exp(−ri)
. (12)

Consequently, for the willingness-to-pay for all durations greater than the baseline dura-

tion, we can insert θi from the above expression. Thus,

WTP
(per month)
ij (Tj) =

WTP
(per month)
i (1)

T
·
1− exp(−ri ·Tj)

1− exp(−ri)
. (13)

As there is no closed form solution for determining the discount rate ri from equation

(13), we have to rely on numerical methods. We use the Newton-Raphson algorithm

(for details see Brent (1973)) to calculate the monthly discount rate ri implied by the

willingness-to-pay for different contract durations.5

Results

Descriptive Results. We used the numerical technique described above and calculated the

monthly discount rate for each participant and every offered contract duration. Table 1

shows the estimated discount rates averaged across all respondents for both survey ver-

sions. We tested the statistical significance of the underlying discount pattern using paired

t-tests. The results show that, in general, the pattern of monthly discount rate for future

5 Equation (13) is a standard numerical problem and can be solved by other numerical methods.
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Table 1: Study 1 - Monthly Discount Rates for Both Survey Vers ions

Absolute WTP Expected Price Discount in %

Duration t Mean Discount Standard Difference p-value Duration t Mean Discount Standard Difference p-value
Rate r Deviation of r in r Rate r Deviation of r in r

3 0.11158 0.06663 3 0.12964 0.07999
6 0.06337 0.03145 -0.04821 0.00000 *** 6 0.07217 0.03406 -0.05747 0.00000 ***
9 0.05197 0.02063 -0.01140 0.00000 *** 9 0.06003 0.03491 -0.01214 0.00009 ***

12 0.04458 0.01821 -0.00739 0.00000 *** 12 0.04987 0.02353 -0.01015 0.00002 ***
18 0.03839 0.01332 -0.00619 0.00001 *** 18 0.04447 0.02379 -0.00541 0.00716 ***
24 0.03743 0.01412 -0.00095 0.35020 24 0.04283 0.02514 -0.00163 0.24290
30 0.04242 0.01676 0.00499 0.00009 *** 30 0.04696 0.02465 0.00412 0.04103 **
36 0.04320 0.01600 0.00078 0.50030 36 0.04699 0.02646 0.00003 0.98390
48 0.04434 0.01892 0.00115 0.32030 48 0.04771 0.02762 0.00073 0.63700
60 0.05156 0.03247 0.00721 0.00017 *** 60 0.05542 0.04196 0.00771 0.00986 ***

Figure 2: Study 1 - Pattern of Discount Rates

a) Rates r for absolute WTP
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b) Rates r for discounts in %
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benefits from Internet access is consistent with hyperbolic discounting as the monthly rate

decreases with contract duration (Zauberman et al. 2009). However, there are some differ-

ences from pure hyperbolic discounting - after contract durations exceed a specific length,

there is an increase in the monthly discount rate. Specifically, the monthly discount rate

declines until the contract duration exceeds 24 months. Thereafter, we observe a small,

but significant, increase in the monthly discount rate (p < 0.001). Figure 2 summarizes

this pattern graphically and emphasizes our evidence of discontinuity (structural break)

in the monthly discount rate.

Model Results. Our descriptive results give preliminary evidence for the presence of a dis-

continuity (a structural break) in consumers’ discounting behavior. We investigate the

issue further by estimating the parametric discount function based on our model spec-

ification. We use the willingness-to-pay for various contract durations and estimate the

parameters of our model both with and without a change point. In what follows, we show
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Table 2: Study 1 - Parameter Estimates ( “Absolute WTP” )

Model without change point Model with change point
Parameter Estimate Parameter Estimate

[2.5%, 97.5%]-Quantiles [2.5%, 97.5%]-Quantiles

α 0.0526 α(1) 3.8095
[0.0403, 0.0668] [1.416, 10.3203]

β 0.0591 β(1) 0.4745
[0.0539, 0.0644] [0.2263, 1.1211]

— α(2) 6.3483
[0.7755, 16.46]

— β(2) 2.1544
[0.4531, 4.8361]

Figure 3: Study 1 - Discount Functions ( “Absolute WTP” )

a) Hyperbolic discount function without change point
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b) Hyperbolic discount function with change point
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the results using data from the first version of the survey (“Absolute WTP”). We obtain

similar results based on data from the other version (“Expected Price Discount in %”) sug-

gesting that our key findings are robust to alternative framing of questions. For details,

please see Appendix B.

Table 2 shows the parameter estimates for the discount functions based on the two

models. The model with a change point gives significantly different estimates as com-

pared to the model without a change point. Figure 3 plots the two discount functions

using the estimated parameters. The figure illustrates the difference in the predicted dis-

counting pattern from the two models.

The estimates from the change point model also provides information regarding when

a change point is likely to occur. Figure 4 shows the likelihood of a change point at various

contract durations for a randomly chosen individual. The figure shows that the probabil-
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ity of a change point is highest for a duration of 18 months, which is quite close to time

of graduation for this individual. We can similarly infer the probability of occurrence of a

change point at various contract durations for each individual and relate it to their critical

duration.

Figure 4: Study 1 - Change-Point (cp) Distribution of One Rep resentative Individual ( “Absolute WTP” )
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Finally, a comparison of model-based predictions of monthly willingness-to-pay also

illustrates the differences between a model with and a model without considering a

change point in individuals’ discounting pattern. Figure 5 compares the model-predicted

monthly WTP with the actual WTP for a randomly chosen individual. The model with

the change point clearly fits the WTP data better. We calculated the mean squared error

(MSE) across all respondents and there is a 53% improvement when using the model with

a change point (MSE = 3.62) as compared to without a change point (MSE = 7.78).

In sum, the experiment provides evidence that individuals’ discounting of different

durations of continuous utility largely follows a hyperbolic pattern. But individuals’ dis-

counting of future continuous benefits is also characterized by structural discontinuities.

An important limitation of this study is that participants had no incentive to provide

their accurate and true willingness-to-pay and discounting of future continuous streams

of utility. This is a common problem when individuals are asked to state their willingness-

to-pay (Jedidi and Zhang 2002). Note that while the absolute willingness-to-pay for an

Internet service is not directly of interest, our inference regarding consumers’ discounting
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Figure 5: Study 1 - Willingness to Pay of One Representative I ndividual ( “Absolute WTP” )
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pattern might also be biased when they do not provide their true WTP. In the next study,

we address this issue by developing a novel incentive-compatible mechanism to gather

“true” consumer-level willingness-to-pay for longer contract durations.

4.2. Study 2 - Incentive-Compatible Experiments

The majority of methods used in the intertemporal choice literature, such as a choice or

matching task, to measure individuals’ discounting behavior suffer from an important

limitation: they typically do not involve real payoffs and participants have no incentive to

provide true answers (Frederick et al. 2002). Incentive-compatible methods are designed

to circumvent this problem. For instance, a second-price private value Vickrey auction

(Vickrey 1961) is a method in which the dominant strategy for each bidder is to bid their

true value for the good regardless of what other bidders do. Although auction-based

approaches have been used to measure individuals’ discounting behavior of payoffs at

discrete future time points (Olivola and Wang 2010), they are not directly applicable in

our context where individuals are discounting future continuous benefits.6 To address

this issue, we develop a novel incentive-compatible method for eliciting discount rates

for future continuous benefits. The survey and the questions were designed in a similar

manner as our first study with the key difference being that participants received a mon-

etary incentive to behave (i.e. discount) rationally.

6 It is obviously extremely difficult to force participants to subscribe to a contract for Internet access after completing
the experiment.
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Method

This study was carried out in the form of two in-class experiments with the same group

of thirty-eight participants (the second experiment was carried out a week after the first

experiment). The sample consisted of MBA students, who were trained in business eco-

nomics. Participants were told that they would be giving their willingness-to-pay for

different contract durations for an Internet access service. The baseline contract duration

was one month and its price was set at $ 30.-.

According to Samuelson (1937) rational individuals (homo economicus) discount future

benefits according to a constant discounting pattern (Samuelson 1937, p. 156). We famil-

iarized all participants (who were trained in business economics) with the constant dis-

counting behavior of a rational agent. We explained to them that a constant discount rate

corresponds to the actual interest rate of a loan or a deposit in a bank (since the structure

of such financial products reflects constant discounting). For instance, a rational agent

who expects an interest rate of 5% for a two year bank deposit of $ 10’000.- or a bank

loan of $ 5’000.- should discount the utility of a two year contract duration (relative to an

one month contract duration) at a constant 5% rate. Suppose a rational agent considers

signing a two-year contract of a service, which is offered at a monthly fee of $30.-. In this

example, the total payment for the contract without any price discount would be $720.-

(=$30*24). But a rational agent will discount future benefits and would consider to sign

the two-year contract only if its offered at a price lower than $30 ∗ 24months ∗ e−0.05∗24 =

$216.85.-. Thus, a rational agent would expect a 70% (=$720-$216.85)/$720) price discount

when signing a two-year contract.

As an incentive to behave rationally and state their true WTP, participants were

instructed that they will get a monetary reward when their stated WTP for a contract

duration equals the WTP of a rational agent applying the constant interest rate that they

expect for a deposit or a loan on a bank. The larger the deviation of their stated WTP from

that of a rational agent, the smaller would be their reward. And, if their stated WTP (in

absolute $ terms) differed from the WTP of a rational agent by more than 33%, they will

not get any reward. Thus, participants had an incentive to discount future outcomes in a

rational manner.

The participants first answered two questions about interest rates they expect for a bank

deposit of $ 10’000.- and a bank loan of $ 5’000.-. Thereafter, in the first experiment (“No

Priming”), they stated the maximum monthly contract fee (in $.-) that they were willing to
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pay to switch from a baseline duration of one month to a contract with a longer duration

(i.e., 3, 6, 9, 12, 18, 24, 30, 36, 48, and 60 months). For each of the 10 questions, if their

stated WTP was equal to the WTP of a rational agent applying the interest rate of the

deposit and loan, respectively, the participant would get a reward of $ 2.-. Thus, across all

10 questions, each participant could receive a maximum of $ 20.-.

The second experiment (“12 Months Priming”) had the same format as the first experi-

ment but we indicated to all participants that after 12 months an event may happen (e.g.,

a lucrative job offer abroad) that will prevent them from using the Internet service there-

after. Thus, in this experiment, we explicitly primed participants with a reference dura-

tion. As the reference duration plays a key role in the discounting behavior, we expect that

there will be a discontinuity in the discount rate when the contract durations are greater

than 12 months. Such a result would confirm the link between the reference duration and

discounting behavior. Again, participants were given a reward of $ 2.- for each question

when their stated WTP was the same as the WTP of a rational agent applying the interest

rate of the deposit and loan, respectively. Thus, across all 10 questions, each participant

could receive a maximum of $ 20.-.

After completing the main survey, each participant stated their critical durations when

subscribing to an Internet access service by answering the following questions - (1) sub-

scription length they usually subscribe to, (2) maximum contract duration they have

ever subscribed to, (3) maximum contract duration they would consider in their choice

between contract periods of different lengths, and (4) their actual planning horizon. Such

data on critical durations can be related to structural breaks in the observed discounting

behavior. Finally, we collected some demographic information (age, gender, nationality

and field of study).

Results

All thirty-eight participants responded to all questions in both experiments. We paid

a total of $624.62 as monetary incentive whereby each participant being paid around

$18.37 (median) for his/her participation in both experiments. Next, we present descrip-

tive results for the monthly discount rate in the two experiments.

Descriptive Results. We calculated the monthly discount rates using the numerical tech-

nique as described in Study 1. Recall that these results are based on a non-parametric cal-

culation of the discount rate. Table 3 provides the discount rates averaged across respon-

dents for both experiments. The results show that for the first experiment (“No Priming”),
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Table 3: Study 2 - Discount Rates

No Priming Priming of a Change Point at 12 Months

Duration t Mean Discount Standard Difference p-value Duration t Mean Discount Standard Difference p-value
Rate r Deviation of r in r Rate r Deviation of r in r

3 0.05885 0.05822 3 0.06742 0.07415
6 0.04275 0.04196 -0.01610 0.05998 * 6 0.03784 0.02975 -0.02958 0.00155 ***
9 0.03196 0.02125 -0.01079 0.07739 * 9 0.03329 0.02703 -0.00455 0.05755 *

12 0.03086 0.02210 -0.00110 0.34330 12 0.03399 0.02474 0.00070 0.81030
18 0.02997 0.01898 -0.00089 0.70330 18 0.04791 0.02740 0.01392 0.00014 ***
24 0.02726 0.01701 -0.00271 0.15860 24 0.05014 0.02608 0.00223 0.46650
30 0.03003 0.01735 0.00277 0.08230 * 30 0.04929 0.02687 -0.00085 0.58610
36 0.03271 0.02177 0.00268 0.10310 * 36 0.05345 0.03459 0.00417 0.14780
48 0.03418 0.02659 0.00147 0.40260 48 0.05451 0.04238 0.00105 0.74060
60 0.03338 0.02368 -0.00079 0.04232 60 0.05753 0.04128 0.00302 0.01984 **

the monthly discount rate decreases with increasing duration. Similar to the results in

Study 1, there is a marginally significant increase in the discount rate at a contract dura-

tion of 30 months. Note that the marginal significance is primarily due to the averaging of

discount rates across individuals as each individual has their own critical duration. In the

parametric analysis described later, we perform an individual-level estimation and pro-

vide a much stronger evidence for the discontinuity in the discount rate. The increase in

the discount is more noticeable in the second experiment (“12 Months Priming”) in which

participants were told that after 12 months their life may change (e.g., new job). We find

that the shift in the discount rate clearly occurs after a contract duration of 12 months.

Figure 6 shows the discount rates for both experiments. The figure reemphasizes that

Figure 6: Study 2 - Pattern of Discount Rates
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b) Discount rates − 12 months priming
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the priming in the second experiment (i.e., manipulation of a reference duration) worked
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Table 4: Study 2 - Parameter Estimates ( “No Priming” )

Model Without Change Point Model With Change Point
Parameter Estimate Parameter Estimate

[2.5%, 97.5%])-Quantiles [2.5%, 97.5%]-Quantiles

α 0.0546 α(1) 2.5758
[0.0303, 0.0873] [0.4202, 11.1318]

β 0.0430 β(1) 0.2104
[0.0317, 0.0549] [0.0708, 0.7174]

— α(2) 6.6236
[0.5191, 18.962]

— β(2) 1.5613
[0.2428, 4.0832]

Figure 7: Study 2 - Discount Functions ( “No Priming” )

a) Hyperbolic discount function without change point
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b) Hyperbolic discount function with change point
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extremely well. In sum, reference points play a key role in influencing individuals’ dis-

counting behavior of longer contract durations.

Model Results. We estimated consumers’ discount function based on our proposed model

with and without change point. We begin with the results for the experiment with no

priming. Table 4 shows the estimates of the discount function with and without a change

point. The model with a change point gives significantly different estimates as compared

to the model without a change point. Figure 10 plots the two discount functions using the

estimated parameters. The figure illustrates the difference in the predicted discounting

pattern from the two models.

As noted earlier, the change point model also provides information regarding when a

change point is likely to occur. Figure 8 shows the likelihood of a change point at various

contract durations for a randomly chosen individual. The figure shows that the probabil-
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ity of a change point is highest for a duration of 24 months, which is quite close to the

maximum duration that this individual considers for Internet access. We can similarly

infer the probability of occurrence of a change point at various contract durations for each

individual and relate it to their critical duration.

Figure 8: Study 2 - Change-Point (CP) Distribution of One Rep resentative Individual ( “No Priming” )
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A comparison of model-based predictions of monthly willingness-to-pay from the

two models also illustrates the differences between them. Figure 9 compares the model-

predicted monthly WTP with the actual WTP for a randomly chosen participant. The

figure shows that the model with the change point fits the WTP data better. We calculated

the mean squared error (MSE) across all respondents and found that there was a 53%

improvement when using the model with a change point (MSE = 1.29) than without a

change point (MSE = 2.78).

Next, we discuss the results from the experiment with an explicit priming of the refer-

ence duration. Table 5 shows the estimates of the discount function with and without a

change point. Similar to our earlier results, the model with a change point gives signif-

icantly different estimates as compared to the model without a change point. Figure 10

plots the two discount functions using the estimated parameters. The figure shows that

when participants were primed with a reference duration of 12 months, there was a sharp

discontinuity in their discounting pattern at 12 months.

Figure 11 shows the likelihood of a change point at various contract durations for a

randomly chosen individual. The figure clearly shows that the probability of occurrence
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Figure 9: Study 2 - Willingness to Pay of One Representative I ndividual ( “No Priming” )
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Table 5: Study 2 - Parameter Estimates ( “12 Months Priming” )

Model Without Change Point Model With Change Point
Parameter Estimate Parameter Estimate

[2.5%, 97.5%]-Quantiles [2.5%, 97.5%]-Quantiles

α 0.0375 α(1) 0.7473
[0.0204, 0.0589] [0.0769, 4.9704]

β 0.0580 β(1) 0.0972
[0.0465, 0.0705] [0.0425, 0.3893]

— α(2) 6.7992
[0.9479, 16.8213]

— β(2) 2.8100
[0.5846, 6.2821]

Figure 10: Study 2 - Discount Functions ( “12 Months Priming” )

a) Hyperbolic discount function without change point
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b) Hyperbolic discount function with change point
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of a change point is highest for a duration of 12 months. We obtain a very similar distri-

bution while inferring the probability of occurrence of a change point at various contract

durations for all other individuals.

Figure 11: Study 2 - Change-Point (CP) Distribution of One Re presentative Individual ( “12 Months Priming” )
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Finally, Figure 12 compares the model-predicted monthly WTP with the actual WTP

for a randomly chosen individual. The figure confirms that the model with the change

point fits the WTP data better. We calculated the mean squared error (MSE) across all

participants and there was a 44% improvement when using the model with a change

point (MSE =2.72) than without a change point (MSE= 4.88).

Figure 12: Study 2 - Willingness to Pay of One Representative Individual ( “12 Months Priming” )

a) WTP without Change Point
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b) WTP with Change Point
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Overall, the empirical results of both studies provide strong evidence that individu-

als’ discounting pattern for future continuous benefits from contract-based products or

services is, in general, consistent with hyperbolic discounting - the monthly discount

rate decreases with contract duration. This finding is in line with past research that has

considered intertemporal discounting of utility at discrete future time points (Ariely and

Loewenstein 2000, Ariely and Zauberman 2000, Laibson 1997, Loewenstein and Prelec

1992, Thaler 1981). Pure hyperbolic discounting, however, cannot account for the entire

variation in consumers discounting behavior especially for benefits under long con-

tract periods. We find that there are discontinuities in the consumers’ discount function

attributable to their valuation of flexibility. Our results, therefore, reveal that for intertem-

poral decisions in which individuals have to choose between different durations of future

continuous benefits, it is necessary to account for structural changes in individuals’ dis-

counting behavior.

5. Discussion and Conclusions

Individuals often face intertemporal decisions in which they have to discount future

continuous benefits from periodic (monthly, yearly or seasonal) use or access to a prod-

uct or service offered with a contract (such as a subscription or flat rate). For example,

many products or services (health clubs, online information services, newspapers, Inter-

net access, software updates and pay TV) are offered with contracts of differing lengths

and consumers, in turn, have to choose the contract duration that maximizes their net

utility. Such intertemporal choices are characterized by trade-offs between a short con-

tract period associated with a high price per time unit and a long subscription period

associated with a price discount. In this paper, we study and characterize how individu-

als discount future continuous benefits which they receive from periodic use or access to a

contract-based product or service. We propose a parsimonious model of how consumers

evaluate future benefits. Our proposed model accommodates any shifts (or discontinu-

ities) in the consumers’ discounting behavior due to the interplay of contract length and

their valuation of flexibility. We estimate our model using self-stated data from consumers

regarding their willingness-to-pay for various contract durations of an access-based ser-

vice. In this context, we also address an important limitation of self-stated data collection

as being not incentive compatible by developing a novel incentive-compatible experimen-

tal design.
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We have three key results. First, individuals’ discounting behavior of future continuous

stream of utility is heavily biased towards the present. This finding is consistent with

past research on hyperbolic discounting (e.g., O’Donoghue and Rabin 1999, Thaler 1981,

Zauberman 2003). Second, there are discontinuities in consumers’ discounting behavior

largely attributable to the interplay of contract length, price discounts and consumers’

valuation of flexibility. In all our studies, we find that the monthly discount rate has a

robust pattern - the discount rates initially decrease with contract duration (consistent

with hyperbolic discounting), but after a certain length of contract duration, there is a

structural break and the discount rate increases. Put differently, a hyperbolic function

alone cannot explain the entire variation in consumers’ discounting pattern. Third, our

observed pattern of individuals’ discounting of future continuous utility is robust even

when individuals receive a monetary incentive to discount future benefits without any

time inconsistency in an incentive-compatible experimental setting.

Although our findings about individuals’ discounting of future continuous stream of

utility are general, the results of our paper are especially relevant for firms that employ

subscription-based pricing (e.g., business-to-consumer companies). For instance, OECD

Communications Outlook (2011) indicates that fixed, mobile and broadband subscrip-

tions are rapidly growing around the world. Similarly, according to the Newspaper asso-

ciation of America (NAA), more than 55% of adults in the U.S. subscribe to weekday

papers. Such services offer a common type of subscription characterized by a length of

time (e.g., a month or a year) a customer can use the service and a corresponding one-

time flat fee. A key aspect of such pricing is that the price per-time unit declines with a

longer subscription period. Our modeling framework and results provide insights for the

optimal design of such plans.

In this paper, we empirically investigated the discounting behavior of consumers in the

context of subscriptions. We found that there are discontinuities in the discount rate with

long contract durations. Further research can disentangle the impact of usage uncertainty

and contract obligations on the observed discounting behavior. We restricted our focus

to the initial purchase of a subscription. Future research may consider issues related to

repurchase of plans, customer retention and actual usage in consumers’ choice of tariffs.

Finally, we characterized willingness-to-pay as the price at which a consumer is indif-

ferent between buying and not buying the product or service. Recent work has charac-

terized willingness-to-pay as a range (Wang, Venkatesh and Chatterjee 2007). This sug-

gests extending our model to allow for consumer uncertainty in WTP. We hope this paper



28 Stadel, Stahl, Iyengar and Herrmann: Intertemporal Trade-Offs Between Contract Periods, Price Discounts and Flexibility

encourages work in these and related directions.



Stadel, Stahl, Iyengar and Herrmann: Intertemporal Trade-Offs Between Contract Periods, Price Discounts and Flexibility 29

References

Ainslie, G. 1975. Specious reward: a behavioral theory of impulsiveness and impulse control. Psychological

Bulletin 82 463–498.

Ariely, Dan, George Loewenstein. 2000. When does duration matter in judgment and decision making?

Journal of Experimental Psychology: General 129(4) 508–523.

Ariely, Dan, Gal Zauberman. 2000. On the making of an experience: The effects of breaking and combining

experiences on their overall evaluation. Journal of Behavioral Decision Making 13(2) 219–232.

Barry, Daniel, J. A. Hartigan. 1993. A bayesian analysis for change point problems. Journal of the American

Statistical Association 88(421) 309–319.

Baucells, M., M. Weber, F. Welfens. 2011. Reference-point formation and updating. Management Science 57(3)

506–519.

Baucells, M. R., R. K. Sarin. 2010. Predicting utility under satiation and habit formation. Management Science

56(2) 286–301.

Benartzi, S., R. Thaler. 1995. Myopic loss aversion and the equity premium puzzle. The Quarterly Journal of

Economics 110(1) 73–92.

BohmBawerk, Eugene Von. 1889. Capital and interest. Libertarian, South Holland.

Brent, Richard P. 1973. Algorithms for minimization without derivatives. Prentice-Hall, NJ, Englewood

Cliffs.

DellaVigna, Stefano, Ulrike Malmendier. 2006. Paying not to go to the gym. American Economic Review 96(3)

694–719.

Frederick, Shane, George Loewenstein, Ted O’Donoghue. 2002. Time discounting and time preference: A

critical review. Journal of Economic Literature 40(2) 351–401.

Jedidi, Kamel, Z. John Zhang. 2002. Augmenting conjoint analysis to estimate consumer reservation price.

Management Science 48(10) 1350–1368.

Jevons, Herbert S. 1905. Essays on economics. Macmillan, London.

Jevons, William S. 1888. The theory of political economy. Macmillan, London.

Khodadadi, Ahmad, Masoud Asgharian. 2008. Change-point Problem and Regression: An Annotated Bib-

liography. COBRA Preprint Series .

Laibson, David. 1997. Golden eggs and hyperbolic discounting. Quarterly Journal of Economics 112(2) 443–

477.

Lattin, J.M., R.E.. Bucklin. 1989. Reference effects of price and promotion on brand choice behavior. Journal

of Marketing Research 26(3) 299–310.

LeBoeuf, Robyn A. 2006. Discount rates for time versus dates: The sensitivity of discounting to time-interval

description. Journal of Marketing Research 43(1) 59–72.



30 Stadel, Stahl, Iyengar and Herrmann: Intertemporal Trade-Offs Between Contract Periods, Price Discounts and Flexibility

Loewenstein, George. 1988. Frames of mind in intertemporal choice. Management Science 34(2) 200–214.

Loewenstein, George, Drazen Prelec. 1992. Anomalies in intertemporal choice: Evidence and an interpreta-

tion. Quarterly Journal of Economics 107(2) 573–597.

Mano, Haim. 1992. Judgments under distress: assessing the role of unpleasantness and arousal in judgment

formation. Organizational Behavior and Human Decision Processes 52 216Ð245.

Mischel, Walter, Ebbe B. Ebbesen. 1970. Attention in delay of gratification. Journal of Personality and Social

Psychology 16(2) 329–337.

Mischel, Walter, Ebbe B. Ebbesen, Antonette Raskoff Zeiss. 1972. Cognitive and attentional mechanisms in

delay of gratification. Journal of Personality and Social Psychology 21(2) 204–218.

O’Donoghue, Ted, Matthew Rabin. 1999. Doing it now or later. The American Economic Review 89(1) 103–124.

O’Donoghue, Ted, Matthew Rabin. 2000. The economics of immediate gratification. Journal of Behavioral

Decision Making 13(2) 233–250.

O’Donoghue, Ted, Matthew Rabin. 2001. Choice and procrastination. Quarterly Journal of Economics 116(1)

121–160.

Olivola, Christopher Y., Stephanie W. Wang. 2010. Patience Auctions: The Impact of Time vs. Money Bid-

ding on Elicited Discount Rates. SSRN eLibrary .

Overton, Annemarije A., Alan J. MacFadyen. 1998. Time discounting and the estimation of loan duration.

Journal of Economic Psychology 19(5) 607–618.

Putler, D.S. 1992. Incorporating reference price effects into a theory of consumer choice. Marketing Science

11(3) 287–309.

Ratner, R.K., B.E. Kahn, D. Kahneman. 1999. Choosing less-preferred experiences for the sake of variety.

Journal of Consumer Research 26 1–15.

Read, Daniel. 2008. Intertemporal choice. D. J. Koehler, N. Harvey, eds., Blackwell Handbook of Judgment and

Decision Making. Malden: Blackwell Publishing.

Read, Daniel, Shane Frederick, Burcu Orsel, Juwaria Rahman. 2005. Four score and seven years from now:

The date/delay effect in temporal discounting. Management Science 51(9) 1326–1335.

Rossi, Peter E., Greg M. Allenby. 2003. Bayesian statistics and marketing. Marketing Science 22(3) 304–328.

Samuelson, Paul A. 1937. A note on measurement of utility. Review of Economic Studies 4(2) 155–161.

Scholten, Marc, Daniel Read. 2006. Discounting by intervals: A generalized model of intertemporal choice.

Management Science 52(9) 1424–1436.

Scholten, Marc, Daniel Read. 2009. The Psychology of Intertemporal Tradeoffs. SSRN eLibrary .

Strotz, R. H. 1955. Myopia and inconsistency in dynamic utility maximization. Review of Economic Studies

23 165Ð180.



Stadel, Stahl, Iyengar and Herrmann: Intertemporal Trade-Offs Between Contract Periods, Price Discounts and Flexibility 31

Thaler, Richard H. 1981. Some empirical evidence on dynamic inconsistency. Economics Letters 8(3) 201–207.

Tversky, A., D. Kahneman. 1991. Loss aversion in riskless choice: A reference dependent model. The Quar-

terly Journal of Economics 106(4) 1039–1061.

Vickrey, William. 1961. Counterspeculation and competitive sealed tenders. Journal of Finance 16(1) 8–37.

Wathieu, Luc. 1997. Habits and the anomalies in intertemporal choice. Management Science 43(3) 1552–1563.

Wilson, Margo, Martin Daly. 2004. Do pretty women inspire men to discount the future? Biology Letters -

Proceedings B of Royal Society 271 177–179.

Winkielman, Piotr, Kent C. Berridge, Julia L. Wilbarger. 2005. Unconscious affective reactions to masked

happy versus angry faces influence consumption behavior and judgments of value. Personality and

Social Psychology Bulletin 31(1) 121Ð135.

Zauberman, Gal. 2003. The intertemporal dynamics of consumer lock-in. Journal of Consumer Research 30(3)

405–419.

Zauberman, Gal, B. Kyu Kim, Selin A. Malkoc, James R. Bettman. 2009. Discounting time and time dis-

counting: Subjectice time perception and intertemporal preferences. Journal of Marketing Research 46(4)

543–556.



32 Stadel, Stahl, Iyengar and Herrmann: Intertemporal Trade-Offs Between Contract Periods, Price Discounts and Flexibility

Appendix A: Model Identification and Estimation

In this Appendix, we discuss model identification and estimation.

In order to estimate all parameters of our WTP-(CP) Model in equation (5), we have to apply some model

transformations. These transformations are necessary due to model identification. Consider the WTP spec-

ification in (5) closely. Due to model identification, it is necessary to eliminate the utility parameter θi from

the expression. This can be seen as follows. Let θi be Ai, and

Bi,t =
1

t(αi − βi)

[

(1+αit)
1−

βi
αi − 1

]

.

We can easily see that the monthly WTP for a contract duration of t months is given by:

WTPi(t) =Ai ×Bi,t

Given that the expression for WTP contains a product of model parameters, clearly all parameters cannot be

separately identified. In order to address this issue, we use the fact that in the surveys all WTP statements

are based on the WTP for baseline contract duration (one month), i.e. WTP
(per month)
i (1) is either set to a

specific amount or self-stated by the respondents. We can then use the known WTP
(per month)
i (1) to reduce

the number of parameters to be estimated. In particular, we can eliminate the estimation of θi from the

model as follows. The WTP
(per month)
i (1) is known from the surveys, so according our model:

WTP
(per month)
i (1) =

θi

(αi − βi)

[

(1+αi)
1−

βi
αi − 1

]

Then, solving for θi, we get:

θi =
WTP

(per month)
i (1)(αi − βi)

[

(1+αi)
1−

βi
αi − 1

]

Consequently, for all contract durations greater than the baseline duration, we can replace θi from the above

expression. For a model with no-change point, we can then calculate the WTPi(t) as

WTP
(per month)
i (t) =

WTP
(per month)
i (1)

[

(1+αit)
1−

βi
αi − 1

]

t
[

(1+αi)
1−

βi
αi − 1

]

We can do the same for WTP formulation with a change-point to obtain the following expression:

WTP
(per month)
i (T ) =



































WTP
(per month)
i

(1)

T

[

λ

(

1;α
(1)
i

,β
(1)
i

)

−1
]

[

λ
(

T ;α
(1)
i , β

(1)
i

)

− 1
]

, if T < t∗i

WTP
(per month)
i

(1)

T

[

λ

(

1;α
(1)
i

,β
(1)
i

)

−1
]

[

λ
(

t∗i ;α
(1)
i , β

(1)
i

)

− 1
]

+

WTP
(per month)
i

(1)(α
(1)
i

−β
(1)
i

)

T(α
(2)
i

−β
(2)
i

)
[

λ

(

1;α
(1)
i

,β
(1)
i

)

−1
]

[

λ
(

T ;α
(2)
i , β

(2)
i

)

−λ
(

t∗i ;α
(2)
i , β

(2)
i

)]

, if T ≥ t∗i

, (14)

with

λ (t;α,β) = (1+αt)1−
β
α (15)

Without loss of generality, we can assume that for the WTPi(1) the parameters α
(1)
i and β

(1)
i are applied in

the discount function (behavior).

We use Markov Chain Monte Carlo Methods (MCMC) methods to estimate both models with and with-

out a change point. Our approach follows standard Bayesian estimation for hierarchical models (Rossi and

Allenby 2003). Details are available from the authors upon request.
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Appendix B: Study 1 - Results from the Survey on Expected Price Discounts

In this Appendix, we describe the results based on the second survey (“Expected Price Discounts”). Table B1

shows the parameter estimates for the discount functions based on the models with and without a chance

point. A comparison of the estimates from the first survey (“Absolute WTP”) as shown in the main text

(Table 2) and from the second survey reveals that they are not statistically different from each other. The

95% confidence interval around the estimates corresponding to the models estimated on the two surveys

have an overlap. The comparison emphasizes that our key results are robust to framing effects.

Table B.1: Study 1 - Parameter Estimates (“ Expected Price Discount in % ”)

without change point with change point
Parameter Estimate Parameter Estimate

(2.5%;97.5%)-Quantiles (2.5%;97.5%)-Quantiles

α 0.07 α(1) 1.52
(0.05, 0.09) (0.66, 3.79)

β 0.07 β(1) 0.26
(0.06, 0.08) (0.15, 0.52)

— α(2) 7.41
(0.61, 18.31)

— β(2) 2.92
(0.46, 6.31)


