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Abstract: Literature suggests that consumers expect disutility not only from payment uncertainties
but also from reference uncertainties embedded in mobile plans. This paper develops a model of
mobile plan choice incorporating both reference and payment uncertainties and uses this model to
derive testable implications. The paper argues that consumer choice reflects those uncertainties more
than could be justified by rational choice theory. Such patterns, the paper hypothesizes, would be
more salient in the choice of data plan than voice plan because consumers tend to perceive data
usage to be less controllable than voice usage, thus preferring the plan that reduces uncertainty. The
paper tests the predictions with data from a laboratory study analyzing a series of choices between
plans with different tariff structures—flat-rate, two-part, and three-part tariffs. As predicted, the
results suggest that payment and reference uncertainties create significant disutility for consumers,
especially when they perceive high uncertainty about their usage. Such understanding of consumer
preference and underlying psychological biases is important in the sense that it provides an essential
basis for the development of sustainable mobile policy.

Keywords: tariff structure; reference; uncertainty; gain–loss utility; mobile plans

1. Introduction

Since the introduction of smartphones to South Korea (hereafter, Korea) in 2009,
mobile data (rather than voice calls and text messages) have become central to mobile
telecommunications services. (Further, since 2014, voice and text message services have
become free peripheral services that are provided with the mobile data service in most
mobile plans in Korea.) Most mobile subscription plans since then have adopted a three-
part tariff structure: fixed fee, initial usage allowance, and an additional charge for excess
usage. Given that the amount of data usage is less salient and perceived to be harder to
control (as compared to voice calls and text messages), consumers have welcomed the
three-part tariff structure, which renders the total payment to be less volatile. Mobile
network operators also prefer three-part tariffs over two-part tariffs, for several reasons.
First, with the three-part tariff structure, they have one more component to utilize for
optimal pricing. Second, their average revenue stream per user is more stable with the
three-part tariff structure, which usually involves charging a higher fixed fee and provides
initial usage allowance.

Despite the fact that the three-part tariff structure satisfies both consumers and mobile
network operators, it does not seem to result in efficient outcomes for consumers. Although
a few studies (e.g., [1,2]) indicate a preference for usage-based tariffs, the majority of
previous studies on mobile plan choice (e.g., [3–7]) demonstrate the existence of a preference
for flat-rate tariffs or three-part tariffs with higher initial usage allowance over usage-based
tariffs. Such preference is observed even when usage-based tariffs are optimal given the
consumers’ usage patterns. As a result of the suboptimal choices, consumers either overpay
for their services (e.g., [8,9]) or increase their usage to deplete their allowance (e.g., [6]).
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Consumers are willing to pay more for certainty, potentially driving up their pay-
ment as they trade-off “peace of mind” for price. Consumer preference for certainty
coupled with mobile network operator’s profit-maximizing strategy may cause welfare
losses for consumers. In order to encourage more sustainable pricing strategies that do
not sacrifice consumer welfare, one must further examine the conditions that influence
consumer preference for tariff structures (flat-rate, two-part, and three-part) and the choice
of mobile plans.

This study investigates the existence and effects of consumer preference for tariff
structures on mobile plan choice via a modified version of the gain–loss utility (GL)
model [10,11] and an experimental test of mobile plan choices [12]. The GL model proposes
and incorporates reference uncertainty by extending the loss-aversion model based on
Kahneman and Tversky [13]’s prospect theory. (There are two models for the expectation-
based reference formation: the GL model and the disappointment aversion (DA) model.
GL features an endowment effect for risk wherein the risk preferences respond to the
stochastic structure of the reference [14]. Unlike the GL model, the use of the DA model
varies in the literature. Earlier studies (e.g., [15–17]) propose the certainty equivalent
expected utility as a fixed reference. More recent studies build on the notion that agents
are sensitive to deviations from the outcome they expect to receive [18,19].) Given the
reference uncertainty, a decision maker’s preference for uncertain outcomes would reflect
both the uncertainties about the amount of consumption (or payment in our case) and
the reference point. Even though this paper adopts the idea of reference uncertainty to
explain consumer preference for the tariff structure of mobile plans, it does not examine
the expectation-based reference formation process. (Ever since Kőszegi and Rabin [10], the
GL model has been used to endogenize the reference formation as an outcome affected
by particular economic environments [20]. The expectation-based reference formation has
been the focus of previous theoretical studies (e.g., [11,12,21]). Sprenger [14] and Song
[22] also experimentally demonstrate the existence of the formation of the expectation-
based reference.) Instead, it focuses on the features of mobile plans that affect consumers’
perceived reference and surrounding uncertainty, the tariff structure, and consumers’ sense
of controllability in their use of mobile telecommunications services.

This paper first hypothesizes that once consumers are given the initial usage allowance
in a three-part tariff plan, they stop their reference formation process and regard the initial
quota as their status quo or the reference for making a decision. Suppose that the (dis)utility
from payments bears a property where the excess usage over the reference, which can
either be stochastic or not, is regarded as a loss. Thus, the paper predicts that the three-part
tariff structure would effectively eliminate the reference uncertainty. Similarly, flat-rate
tariffs effectively remove both payment and reference uncertainties, while two-part tariffs
do neither. Overall, the preference for the three-part tariffs over the two-part tariffs is
expected to be more prominent if consumers are influenced by reference uncertainty.

This paper also hypothesizes that the perceived controllability of consumers is re-
lated not only to the payment uncertainty but also to reference uncertainty, (Empirical
and theoretical research on decision making under risk has long identified the percep-
tion of uncertainty and lack of control as central determinants of risk perception in lay
people [23–25].) which, in turn, affects consumers’ preference for tariff structure. Regarding
voice usage, all mobile telecommunications network operators in Korea count and charge
usage for callers only. Meanwhile, those in the US count and charge calls from both callers
and recipients. Thus, Korean mobile (voice) users can more closely control their metered us-
age than US users. Moreover, they are likely to have a lower degree of reference uncertainty.
(The difference stems from the different payment models: only callers pay for their calls
(calling party pays) in Korea while both callers and recipients pay (receiving-calling party
pays) in the US. We also use the difference as a source in a different sense of control among
consumers, which plays a significant role in this study.) It is unlikely to be a coincidence
that most of the mobile plans followed the three-part tariff structure from the early era
of mobile telecommunications services in the US, while the “standard” plans in Korea
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adopted the two-part structure. Regarding data usage, however, consumers’ perceived
controllability is lower. For example, smart-device users keep receiving push messages,
which consume data without any active use of mobile devices. It is also challenging to
correctly recognize the amount of data used as compared to voice usage, leading the users
to feel greater reference and payment uncertainty. Thus, the paper predicts that consumers’
preference for the three-part tariff over the two-part tariff will be more pronounced under
data usage than under voice usage.

This paper employs a laboratory experiment to test the hypotheses driven by our
model. Our design exploits the notion that only payment uncertainty affects the utility of
consumers subscribing to three-part tariff plans, while both the payment (or equivalently
usage in this case) and reference uncertainty affect the utility of consumers subscribing
to two-part tariff plans. In the first half of the experiment, subjects report their usage
behaviors under voice and data services. Based on a combination of the subjects’ re-
sponses and information obtained from a network operator (average monthly usage and
the proportion and amount of excessive usage, (We obtained the information from a major
mobile telecommunications network operator in Korea, via the Korea Communications
Commission. The related information covers all third- and fourth-generation (3G and 4G,
respectively) mobile plans (see the Appendix A: Tables A1 and A2), but it does not cover
the rest of the plans, which very few subjects chose.) for the mobile plan), the program
conjectures the subjects’ usage distribution. In the second half of the experiment, based on
the conjecture, the program creates an individualized usage distribution of voice and data
services for each subject and generates flat-rate, two-part, and three-part tariffs with differ-
ing expected payments for both services.The program collects each subject’s preferences
via a multi-round of preferred plan choice, where subjects are required to compare a pair
of mobile plans and select a preferred one in each round. The expected payments are either
the same, 10% different, or 20% different for a pair. Thus, the research attempts to identify
the existence and degree of consumer preference for tariff structures.

The results show that subjects prefer flat-rate tariffs over three-part tariffs, and three-
part tariffs over two-part tariffs, in that order. The observed preference is stronger under
data usage than under voice usage. The paper finds that subjects’ preference for flat-
rate tariffs over three-part tariffs is relatively weaker, especially under voice usage. This
implies that reference uncertainty is a greater source of disutility than usage uncertainty
for consumers. Similarly, the preference for three-part tariffs is more pronounced under
data usage. This contrast is consistent with our predictions and is driven by the difference
in the consumers’ perception of the sense of controllability under voice and data usage.

The current study stems from prior studies on mobile plans and tariffs such as Bar-Gill
and Stone [26] and Herweg and Mierendorff [27]. They note that the actual payment volatil-
ity is not high enough to be justified with the rationality approach, thus increasing the need
to adopt a behavioral economics approach. While there is no single, widely accepted model
of reference formation, many previous studies agree that initial endowments play such
a role in a loss-aversion model (e.g., [28,29]). Herweg and Mierendorff [27] demonstrate
in their theoretical analysis that, when consumers are loss-averse and uncertain about
their future demand, they may prefer a flat-rate payment over a measured tariff before
learning their preferences despite the higher expected consumption with the measured
tariff. Leider and Şahin [7] show theoretically and experimentally that consumption is
affected by the tariff structure (pay-per-use vs. three-part tariffs). Note that they focus their
theoretical and experimental analyses on usage. The current study, for the first time in
the literature (to the best of our knowledge), (There are a couple of recent studies address-
ing the effect of consumer preference on tariff choice in other context than mobile plan
choice. Dowling et al. [30] examined the effect of overconfidence in the choice between a
pay-per-use and a flat-rate option using an experimental approach and found that overcon-
fident consumers choose a flat-rate option more frequently than underconfident consumers.
Dowling et al. [31] demonstrated the existence and persistence of the pay-per-use bias in a
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new- car-sharing -context.) addresses the effect of consumer preference for tariff structures
on mobile plan choice using both theoretical and empirical approach.

South Korea’s telecommunications market is highly competitive and saturated. In
addition, the telecommunications industry is regulated; the entry and exit have to be
authorized, and regulations on fees still exist. In particular, mobile telecommunications
user fees are the subject of the public policy closely related to our daily lives. (Recently,
as an example, a specific telecommunications company tried to provide an exceptionally
inexpensive mobile plan, but the government did not permit it under policy judgment [32].)
As with other regulated industries (i.e., the energy industry), the public policy in telecom-
munications pricing aims to ensure that companies can sustainably provide high-quality
telecommunications services without making excessive profits. The mobile telecommuni-
cations industry, however, is unique in that it has a high fixed cost and a low marginal cost,
which allows more variations in devising tariff plans compared to other utility industries
such as energy, where the focus is on rate-making. Thus, a deep understanding of consumer
preferences and biases is crucial in order to structure sustainable tariff plans.

This paper examines the process of consumers choosing tariff plans from a behav-
ioral economic point of view. Through an experiment, we analyzed the characteristics
of consumers’ actual choices. We believe that an improved understanding of consumers’
behavior in the wild will contribute to suggesting a pricing strategy that will enhance
both consumer welfare and the sustainable mobile telecommunications industry. The rest
of this paper proceeds as follows. Section 2 describes the model. Section 3 describes an
experiment to test the hypotheses derived from the model. Section 4 presents the results
and discussion. Section 5 concludes.

2. Model

The traditional rational approach, the expected utility theory has some limitations in
explaining consumers’ behavior and related public policy for mobile plans. In this section,
we construct a model from the perspective of a behavioral economics by allowing payment
and reference uncertainties. Understanding and modeling consumer choice is necessary
to derive pricing policy for sustainability. A loss-averse consumer’s utility is represented
as u(c|r) = m(c) + n(c|r) where m(c) is an intrinsic utility from consumption c, r is the
reference around which the loss aversion occurs, and n(c|r) is the loss-aversion utility,
which satisfies the properties of Kahneman and Tversky [13]’s loss-aversion utility model.
(Kőszegi and Rabin [10] adopt the first-order risk-averse approach and represent the loss-
averse utility function n(c|r) as µ(c− r) where µ(·) is increasing, µ(−δ) < 0 < µ(δ) and
|µ(−δ)| > µ(δ) for any δ > 0.) Note that r is not necessarily deterministic, which is the key
feature of the GL model.

Given the probability density function of consumption and reference point ( f (c) and
g(r), respectively), we assume that an outcome is evaluated according to its expected
utility, with the utility of each outcome being the average feeling relative to each possible
realization of the reference. Thus, the expected utility can be expressed as follows:

EU(c, r) =
∫ ∫

u(c|r)g(r) f (c)drdc.

We then modify the GL model to represent a consumer’s expected utility from pay-
ments for usage q with their mobile plan as follows:∫ ∫

l(p(q)|r)g(r) f (p(q))drdq

where p(q) is the amount of payment from the usage, and l(·) represents the disutility from
payment. Note that with abuse of the notation, the reference r now indicates the consumer’s
payment (not usage), although the amount of payment p(q) and the amount of usage q is
closely related. The payment uncertainty can be low even though the usage uncertainty is
high. However, if the payment uncertainty is high, the usage uncertainty must be high. We
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also assume that the consumer’s reference-dependent utility from payment is symmetric
in both directions. That is, unlike the typical loss-aversion model, consumers dislike not
only overpaying but also underusing the initial usage allowance of their mobile plan. Our
assumptions imply that a consumer’s value of a mobile service primarily stems from their
subscription to a mobile service rather than the amount of service consumed.

We predict that the three-part tariff structure, which includes an initial endowment of
uncharged usage, would create a reference point for consumers. Moreover, the flat-rate
structure removes both uncertainties, and the two-part tariff structure removes none.

Conjecture 1. The initial usage endowment (e.g., “free” minutes or bytes) in the three-part tariff
structure, which is regarded as the reference, removes consumers’ uncertainty about the reference.

Our conjecture is based on major mobile subscription plans in Korea since 2010,
which explicitly express the size of fixed fees, such as “LTE 42” (KRW 42,000) and “3G 54”
(KRW 54,000).

The following subsections build a simple model to explain how each tariff structure
differently reflects the disutility from payment and reference uncertainties. We assume that
the benefit from mobile telecommunications services is sufficiently high and the same for
all users. Thus, we can focus only on the disutility difference from payments.

2.1. Payment Uncertainty

This subsection focuses on the disutility from payment uncertainty without consider-
ing the uncertainty in the reference; that is, r is deterministic. Note that the disutility from
the payment uncertainty itself is a rational property: a risk-averse rational agent does not
like fluctuations in the outcome. However, it becomes a behavioral assumption once we
start to consider the disutility from not only the uncertainty in the payment amount, as
reflected in the variance, but also the deviation from the reference.

2.1.1. Two-Part Tariff

The two-part tariff plan can be represented as (α2, β), where α2 is the fixed fee and β
is the marginal rate (per minute or kilobyte, for example). Thus, to reflect reality, we let
the marginal rate β be the same for all cases. (It is 1.8 KRW per second for voice, which
is approximately USD 0.1 per minute, and 12.5 KRW per megabyte for data.) Let qr be
the amount of usage that exactly meets the reference payment r, which is represented
as r = α2 + βqr. Suppose, for simplicity, that the disutility from the deviation from the
reference payment is quadratic. Thus, given a two-part tariff plan, the expected disutility is
represented as follows:

l(r, p2(q)) =
∫ θ

0
γ[α2 + βq− (α2 + βqr)]

2 f (q; θ)dq (1)

where p2(q) is the payment under the two-part tariff plan for usage q, γ is a positive
constant, and θ is the maximum possible usage. Moreover, for simplicity, suppose that the
probability density function f (·) is a continuous uniform distribution with the maximum
possible usage being the upper bound, f (q; θ) = 1/θ. Then, Equation (1) is rewritten
as follows:

l(r, p2(q)) = γ
∫ θ

0
β2(q− qr)

2/θdq

= γβ2(θ2 − 3θqr + 3q2
r )/3.

Following the assumption of the rational expectation quantity as the reference [10], let
qr = θ/2 be usage at the reference. Thus, the disutility can be simplified as

l(r, p2(q)) = γ(βθ)2/12, (2)
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with the expected payment of

Eq[p2(q)] = α2 + βθ/2. (3)

2.1.2. Three-Part Tariff: Case 1 (p3(q̃) < r)

A three-part tariff plan is composed of flat rate α3, initial usage allowance q̃, and the
rate for excess usage β. Compared with the two-part tariff, we have one more component:
initial usage allowance.

In Case 1, users consume more than the initial allowance offered by their mobile plan.
That is, the payment from using up the initial usage allowance, p3(q̃), is supposed to be
lower than the payment reference r, thus implying that the user is likely to use more than q̃.
Hence, q̃ < qr, where qr satisfies p3(qr) = α3 + β(qr − q̃) = r.

The disutility from payment uncertainty, which arises when q becomes greater than q̃,
is represented as follows:

l(r, p3(q)) =
∫ θ

q̃
γ[α3 + β(q− q̃)− (α3 + β(qr − q̃))]2/θdq

= γβ2/(3θ)[(θ − qr)
3 − (q̃− qr)

3].

Under the assumption of the rational expectation reference, qr = θ/2. Moreover, the
disutility is rewritten as

l(r, p3(q)) = γβ2/(3θ)[(θ/2)3 − (q̃− θ/2)3]

= γβ2/(3θ)(θ − q̃)(q̃2 − θq̃/2 + θ2/4), (4)

and the expected payment is

Eq[p3(q)] =
∫ q̃

0
α3/θdq +

∫ θ

q̃
(α3 + β(q− q̃))/θdq

= α3 + β(θ − q̃)2/(2θ). (5)

2.1.3. Three-Part Tariff: Case 2 (p3(q̃) ≥ r)

In Case 2, users leave unused minutes initially allotted under their mobile plans. That
is, the payment from using up the initial usage allowance, which is α3, is now greater than
the payment reference r, implying that the user is likely to use less than q̃. Thus, q̃ ≥ qr,
and p(qr) = α3. The disutility is now

l(r, p3(q)) =
∫ θ

q̃
γ[α3 + β(q− q̃)− α3]

2/θdq

= γβ2(θ − q̃)3/(3θ). (6)

Note that the functional representation of the expected payment in Case 2 is the same
as Equation (5).

2.1.4. Comparison

We now compare the two cases of the three-part tariff. Thus, to examine the difference
in disutilities from the different tariff structures, let the two expected payments from Case 1
and Case 2 be the same, or

α31 + β(θ − q̃1)
2/(2θ) = α32 + β(θ − q̃2)

2/(2θ),

where α31 and q̃1 refer to the fixed fee and the initial allowance, respectively, in Case 1, and
α32 and q̃2 function similarly in Case 2. Without considering the disutility from payment
uncertainty, a rational and risk-neutral user must feel indifferent between these two plans.
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The disutility in Case 1 is l1 = γβ2/(3θ)
[
(θ/2)3 − (q̃1 − θ/2)3], while the disutility

in Case 2 is l2 = γβ2/(3θ)(θ − q̃2)
3. Thus, the difference, l1 − l2, is

l1 − l2 = γβ2/(3θ)[(θ/2)3 − (q̃1 − θ/2)3 − (θ − q̃2)
3].

Proposition 1. Given the same expected payments, the disutility from Case 1 of three-part tariff is
greater than that from Case 2, or l1 − l2 > 0.

Proof. Given q̃1 < θ/2 and q̃2 > θ/2, we know that l1− l2 would be minimized at q̃1 = θ/2
and q̃2 = θ/2, which leads to l1 − l2 = 0. Thus, l1 − l2 must be greater than zero.

Note that the two-part tariff is a specific case of three-part tariff in Case 1 where q̃1
is zero, and flat-rate tariff is another specific case of the three-part tariff in Case 2 where
q̃1 ≥ θ. We can conclude that given the same expected payment, the lower the amount of
initial allowance, the bigger the disutility from payment uncertainty. Based on Conjecture 1
and Proposition 1, we propose the following hypothesis:

Hypothesis 1 (H1). Given the same expected payment, users prefer flat-rate tariffs over three-part
tariffs and three-part tariffs over two-part tariffs.

Hypothesis 1, if true, explains why consumers prefer mobile plans with a high fixed
fee and a large amount of initial allowance. It is also a property that mobile network
operators can exploit to increase their profits by tweaking the fixed fee amount and initial
allowance of mobile plans.

2.2. Reference Uncertainty and Sense of Controllability

We now examine the case where consumers have uncertainty in the reference as well,
and represent the consumer’s disutility as

l(r, pj(q)) =
∫

γ(pj(q)− r)2 f (q; θ)g(r; θ)dqdr, (7)

where g(r; θ) is, with abuse of notation, the distribution (or belief) of a consumer’s reference
payment r.

Thus, given a two-part tariff plan (α2, β), l(r, pj(q)) is represented as

l(qr, pj(q)) =
∫

γβ2
2/3(θ2 − 3θqr + 3q2

r )h2(qr; θ)dqr,

where h2(qr; θ) is the distribution of the usage derived from r = α2 + βqr and g(r; θ) for the
two-part tariff plan. The support of h2(qr; θ) should be equal to or a subset of the support
of f (q; θ). Suppose, for simplicity, that h2(qr; θ) is the same as f (q; θ) = 1/θ. Then, the
disutility is

l(qr, pj(q)) = γ(βθ)2/6, (8)

which is twice the value of Equation (2). In contrast, given a three-part tariff plan, con-
sumers have the same disutility as that in Case 1 as long as the initial usage allowance
dissipates the uncertainty around the reference.

Common risk assessments are made more intuitively than analytically [33,34] based
on how uncertain a situation appears to be and how much control one feels in the situation.
It is well-known that the sense of controllability is related to perceived risk: the more
uncertainty one perceives, the less control one perceives in the situation, and thus the
higher the risk assessment. For voice calls, almost all mobile plans in Korea count and
charge usage only for the caller, whereas both caller and recipient minutes (although
usually in the daytime) are counted and charged in the US. Thus, Korean mobile users
can more closely control their metered usage of voice calls than US users. Moreover, they
are likely to have a lower degree of reference uncertainty under voice usage. The sense
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of controllability, however, is not applicable to data usage. For example, smart-device
users keep receiving push messages as long as their devices are connected to the Internet,
regardless of their active device usage. Thus, they may feel a relatively greater reference
uncertainty in their data usage.

This study assumes that the sense of controllability and estimate of usage are related.
A more accurate estimate of usage, or a lower usage uncertainty, implies a greater sense of
controllability and vice versa, which leads to the following hypothesis.

Hypothesis 2 (H2). Consumers’ estimates of voice usage are likely to be more accurate than those
of data usage.

Finally, we hypothesize that in addition to the usage uncertainty, the sense of control-
lability exerts an influence on consumers’ perception of the reference uncertainty.

Hypothesis 3 (H3). The consumer’s preference for three-part tariffs over two-part tariffs will be
more pronounced under data usage than voice.

If Hypothesis 3 is true, consumers’ disutility from reference uncertainty under data
usage is greater than that under voice usage. That is, the (normalized) variance of their
(subjective) probability distribution of the reference for data usage is greater than that
for voice.

2.3. The Effect of the Amount of Fixed-Fee on Tariff Preference

Note that Equations (2) and (8) include no fixed-fee component (α) and are affected
only by the uncertainty-related term (β). If these equations are indeed consistent with
the consumers’ behavior, the amount of fixed-fee and, thus, the change in the amount of
expected payment would not alter both the disutility from payment uncertainty and that
from reference uncertainty. This leads to the following hypothesis.

Hypothesis 4 (H4). The amount of fixed fee and/or the expected payment do not affect consumers’
preference for tariff structures.

Hypothesis 4 implies that, for example, if a consumer prefer a three-part tariff plan
to flat-rate tariff one, the consumer must prefer a three-part tariff to flat-rate tariff for any
level of fixed fee as long as the payment uncertainty/varying part in each tariff structure
does not change (i.e., preference consistency).

3. Experiment

The experiment seeks to find evidence for the differential effect of payment and
reference uncertainty in consumers’ actual choice of voice versus data plan with the
overarching goal of providing descriptive bases for sustainable pricing policy. Specifically,
the experiment was designed to identify (i) the disutility from payment uncertainty, (ii) the
disutility from reference uncertainty, and (iii) whether the disutilities captured from (i) and
(ii) are similar in both voice and data usage. (To implement this experiment, a Visual Basic
script in the MS Excel program was used.)

The experiment proceeded in two parts. In the first half, subjects responded to a
series of questions about their experience with mobile telecommunications services. Specif-
ically, they reported on their current mobile plan, their estimation of monthly expenses,
and whether (and how many times) they experienced excess usage of minutes (voice)
or megabytes (data) and extra payment in the last six months. Given the subjects’ re-
sponses and the information on their subscription plan, (It includes the average usage,
the proportion of subscribers with excess usage, and the amounts of excess usage for each
of the major mobile plans from a major mobile network operator in Korea. We greatly
appreciate their courtesy for providing the data.) we projected and generated distributions
of an individual subject’s voice and data usage pattern. In the second half, subjects were
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asked to make a series of choices between 14 pairs of subscriptions plans, which were
dynamically generated with the individual subject’s usage distributions derived in the
first stage of the experiment. The pairs included flat-rate, two-part, and three-part tariffs.
Finally, subjects were asked to check and submit their actual usage information for the past
three or more months from their mobile telecommunications service providers’ webpage or
its smartphone application, with extra compensation (KRW 2000, approximately USD 2).

This approach was chosen to encourage subjects to make decisions in a realistic
manner. (We pose the question of whether our distribution conjecture, as compared to
a subject’s guess, is (1) mostly correct, (2) somehow correct, (3) somehow wrong, or (4)
mostly wrong. For voice usage, 61.90%, 21.43%, 11.90%, and 4.76% of the subjects answered
1 to 4, respectively; thus, 83% of the answers are positive. For data usage, 16.67%, 54.76%,
23.81%, and 4.76% of the subjects answered 1 to 4, respectively; thus, 72% of the answers
are positive. We believe that the difference in subjects’ evaluation between voice and data
usage is related to the accuracy of their estimates of voice and data usage, as stated in
Section 4.3.) An alternative approach of presenting hypothetical usage tables to subjects
and asking them to choose a plan therein would likely induce a rational behavior; the
tables and numbers would encourage computational rather than conjectural choices.

3.1. Material and Methods
3.1.1. Assessment of Subjects’ Usage Distributions

A triangular distribution of usage X was used to assess a subject’s usage distribution.
The triangular distribution has the following three parameters: Xmax, Xmin, and X̄ where
X̄ is the mean. (Although, using a triangular distribution is not common, we choose this
approach for a specific reason. The Solver in MS Excel sometimes fails to produce results
by minimizing root-mean-square (RMS) errors in the middle of experiments when we use
log-normal or other long-tailed, two-parameter probability distributions.) The conjecture
of a subject’s usage distribution determines the values of these parameters based on a
subject’s responses and the following information of each subscription plan that the subject
chooses from actual data: average monthly usage (X̄market), initial allowance (Xu), and the
probability of overuse (Prmarket = Pr(X > Xu)), based on the proportion of overuse data.

For each subject, the usage distribution is initially generated according to the current
mobile plan. Subsequently, the distribution is tweaked based on the subject’s answers for
his/her experience of using (i.e., over- and underusing) the mobile telecommunications
service for the past six months. A subject’s probability of overuse PR = Pr(X) > Xu is
obtained from the subject’s responses about usage. We use the minimization of RMS errors
to determine the value of X̄, Xmax and Xmin, thus reflecting the conditions stated above.

(By minimizing the RMS Errors,

√(
X̄market−X̄(Xmin,Xmax)

X̄market

)2
+
(

Prmarket −PR(Xmin,Xmax)

Prmarket

)2
, the

shape of subjects’ usage distribution is as close as possible to their groups that use the same
subscription plan. Moreover, note that a primary objective of our experiment is to make
the subjects “feel” like their choices are based on their own perception of usage, not on a
statistically flawless distribution. About 70% of subjects reply that our conjectures of their
usage distributions are similar to their actual usage patterns.)

After the assessment of each subject’s usage distribution, we determine the expected
payment for each subject and use it as the base level of payment.

3.1.2. Choice of a Preferred Plan

In the second half of the experiment, each subject is asked to compare two plans
and choose one. Questions about voice and data usage are separated. Based on the
usage distribution assessment, two flat-rate, two two-part tariff, and three three-part tariff
plans with different expected payments are generated for our analysis. Table 1 shows the
generated plans used for the discrete choice experiment regarding expected payments and
tariff structures. Superscripts are used to index a specific plan with the same tariff structure.
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Table 1. Tariffs and plans for subjects.

Expected Payment Two-Part Tariff Three-Part Tariff Flat-Rate Tariff
Level (2PT) (3PT) (FT)

base + 20% FT2

base + 10% 3PT2

base 2PT1 3PT1 FT1

base − 10% 3PT3

base − 20% 2PT2

The metered rate for voice, if applicable, is defined to be KRW 108 (approximately
USD 0.1) per minute, which reflects the current practice. The data rate is set to be KRW
12.5 per megabyte (MB). (The voice rate is KRW 1.8 per second in almost all available
plans in Korea in 2012. Unlike voice calls, data rates vary among major plans. We use
the rates of major 3G mobile plans in 2012 (see the Appendix A: Tables A1 and A2).) For
three-part tariff plans, the amount of initial allowance, Xu needs to be determined. At
the base level, the amount is determined such that the chance of excess usage is 25%,
or Pr(X > Xu) = 0.25. At the +10% base level, the chance is 15%, and it is 35% at the
−10% base level. The two-part tariff and flat-rate tariff plans are differentiated by a 20%
difference in the expected payment to capture the subjects’ willingness to avoid (or take)
the payment uncertainty. Finally, the fixed fee of the two-part tariff plan at the −20% base
level is adjusted such that the expected payment becomes 20% lower than the case of the
two-part tariff plan at the base level. The maximum decrease in the fixed fee is set to KRW
10,000 to avoid the possibility that the fixed fee is too low (e.g., less than KRW 1000) for a
subject who pays a minimal amount for mobile telecommunications services. All numbers
related to payments are rounded at KRW 1000.

A subject is supposed to choose the preferred tariff from a pair of plans with different
tariff structures. Given the set of plans in Table 1, 16 questions are required for a compre-
hensive analysis. However, we drop the comparisons between 2PT1 and 3PT3, as well
as 3PT2 and FT1 where, in both cases, the first plan is strictly worse than the second one
regarding both the expected payment and payment uncertainty. Overall, a subject is asked
two sets (voice and data) of 14 questions in the second half of the experiment.

A mobile plan was modeled as a function of usage. (In 2012, most Korean mobile
telecommunications service plans did not include unlimited or discounted voice usage.
An unlimited data option for 3G (not long-term evolution; LTE) data was provided in
upper-tier plans (see the Appendix A: Tables A1 and A2).) Table 2 shows the equations
used for tariff structures in the experiment. The numbers are matched with the superscript
of the plans in Table 1.

Table 2. Equations for tariffs generation.

No. Two-Part Tariff Three-Part Tariff Flat-Rate Tariff

1 a1
2 + 108X

{
a1

3 (if X ≤ X1
u)

a1
3 + 108(X− X1

u) (otherwise)a1
1

Pr(X > X1
u) = 25%

2 a2
2 + 108X

{
a2

3 (if X ≤ X2
u)

a2
3 + 108(X− X2

u) (otherwise) a2
1 (= 1.2a1

1)
Pr(X > X2

u) = 15%

3

{
a3

3 (if X ≤ X3
u)

a3
3 + 108(X− X3

u) (otherwise)
Pr(X > X3

u) = 35%

a1
1 is drawn from a respondent’s choice of subscription plan; a1

2 and a1
3 are determined to satisfy E[2PT1(X)] =

E[3PT1(X)] = E[FT1].
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3.2. Subjects

The experiment was conducted at a major University in Seoul, Korea. The subjects
were recruited with an advertisement at the department administrative offices of the
university. Subjects were rewarded a gift certificate of KRW 5000 and an additional
KRW 2000 upon providing their actual usage information at the end of the experiment,
which we did not inform them in advance to prevent subjects from getting “correct”
information about their usage before the experiment. Overall, 312 subjects participated,
mostly students between the ages of 20 and 24. Most of them (96.7%) subscribed to a mobile
plan for smartphones; this percentage was much greater than the smartphone penetration
rate in Korea at the time of the experiment (67.6%). Of them, 40.38% subscribed to SK
Telecom, 42.31% to KT, and 17.31% to LGU+. (We clarify that these names are official ones,
not abbreviations.) This distribution seems to be significantly different from the mobile
telecommunications market shares in Korea: 50% (SKT), 30% (KT), and 20% (LGU+).
However, considering the higher proportion of smartphone use among the participants,
and the market share of 3G and 4G mobile telecommunications services, (For 3G mobile
telecommunications services in Korea, the market shares of KT and SKT are approximately
equal, while LGU+ does not provide a 3G service. In contrast, KT discontinued their
second-generation (2G) mobile service from 2011. Most smartphones since then do not
function properly on 2G mobile networks. For 4G (LTE) telecommunications services,
which were first launched at the end of 2011, the shares are again 50% (SKT), 30% (KT),
and 20% (LGU+), as of the third quarter of 2012.) The distribution of service providers is
not significantly different from the market shares of smartphone users in Korea.

About 80% (248) of them submitted their actual usage amount for the past three to
six months. The average voice usage estimate is 168.78 min per month, with a standard
deviation of 153.44. The average voice usage is 174.65 min per month, with a standard
deviation of 146.90. The average data usage estimate is 1.684 gigabytes (GB) per month,
with the standard deviation of 2.503. The average data usage is 2.294 GB per month, with a
standard deviation of 2.342. The summary statistics above are evaluated after dropping
12 samples (about 5%), which are mostly extreme outliers.

Subjects’ awareness of their subscription plan is summarized as follows: 8.33% of
subjects report that they have no idea about their monthly payments, 32.69% report they
have some estimation of their monthly payment, 24.36% report they know the basic
allowance of their plan, and 34.62% report that they are aware of the overall tariff structure
of their plans. Subjects estimate that their average monthly payment is 59,200 KRW, with a
standard deviation of 17,700 KRW.

4. Results

Let the null hypothesis be that subjects are indifferent between any pair of tariff struc-
tures, which implies that the proportions of subjects between the two plans would be 50:50.
(Since our measurements are binary, the null hypothesis is binomially distributed with the
following parameters: n = 312 and p = 0.5. Since n is large, we can approximate the distri-
bution with a normal distribution having a mean of 156 (312× 0.5 = 156) and a standard
deviation of 8.83(

√
312× 0.5× 0.5 = 8.83). Our critical value for the 5% significance level

is 1.96.) The hypotheses were tested with a z-test, z = (X− µ)/σ, where µ is the mean at
156, and σ is the standard deviation at 8.83.

Overall, the subjects’ choices between the pairs of plans reveal the following. (i) They
seem to be indifferent between the flat-rate and the three-part tariff in voice usage, but they
prefer the flat-rate over the three-part tariff in data usage. (ii) They prefer the three-part
tariffs over the two-part tariffs in both types of usage. This phenomenon is, nonetheless,
more pronounced in data usage. (iii) They prefer the flat-rate tariff over the two-part tariff.
Table 3 (Voice) and Table 4 (Data) present results of the subjects’ preference between the
two plans.

To formally test the statistical significance of subjects’ preference for tariff structures
between data and voice usage, we run a logistic regression, using the choice of the second
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option plan as a dependent variable and data usage as an independent dummy variable.
The results are presented in Table 5.

4.1. Voice Usage

Overall, the results provide partial support for Hypothesis 1 and generally reject
Hypothesis 4.

4.1.1. Flat-Rate vs. Three-Part Tariffs

At the base level, where the expected payments are the same, we find that subjects
are completely indifferent between the flat-rate tariff (FT1) and the three-part tariff (3PT1)
(z = 0, p = 1). When the expected payment for a flat-rate tariff plan is 20% higher (FT2),
and that for a three-part tariff plan is 10% higher (3PT2), subjects prefer the three-part
tariff over the flat-rate tariff (72.76%, z = 8.041, p < 0.001) , which is significantly different
from the preference observed at the base level. Between the flat-rate tariff plan at the base
level (FT1) and the three-part tariff plan with a 10% lower expected payment than the
base (3PT3), subjects prefer the three-part tariff over the flat-rate tariff (70.83%, z = 7.361,
p < 0.001). Consistent with Hypothesis 4, it appears that the amount of fixed fee and/or
the expected payment do not affect subjects’ preference.

4.1.2. Flat-Rate vs. Two-Part Tariffs

At the base level, where the expected payments are the same, we find that subjects
prefer the flat-rate tariff(FT1) to the two-part tariff plan (2PT1) (56.41%, z = 2.26, p = 0.024).
When the expected payment for a flat-rate tariff plan is 20% higher (FT2) than the base
level, subjects’ preference reverses and they prefer the two-part tariff (2PT1) to the flat-rate
tariff (FT2)(78.53%, z = −10.08, p < 0.001). When the expected payment is 20% lower for a
two-part tariff plan (2PT2), subjects prefer the two-part tariff plan (2PT2) over the flat-rate
tariff plan at the base level (FT1) (58.65%, z = −3.058, p = 0.002).

Note that in both cases, the expected payment for a flat-rate tariff plan is about 20%
higher than that for a two-part tariff plan. Comparing the decreases in the proportion of
subjects who choose a flat-rate plan, 35% and 15% in the high and low expected payment
cases, respectively, we can conclude that Hypothesis 4 is rejected.

4.1.3. Three-Part vs. Two-Part Tariffs

Here again at the base level, where the expected payments are the same, we find that
subjects prefer the three-part tariff plan (3PT1) over the two-part tariff plan (2PT1) (58.65%,
z = 3.058, p = 0.002). When the expected payment for a three-part tariff plan increases by
10% from the base level (3PT2), subjects prefers the two-part tariff plan at the base level
(2PT1) over the three-part tariff plan (3PT2) (63.46%, z = −4.757, p < 0.001), which is
a reversal of preference from the comparison of plans at the base level (3PT1 vs. 2PT1).
When the expected payment with three-part tariff decreases by 10% from the base level
(3PT3), and the expected payment with two-part tariff decreases by 20% from the base level
(2PT2), subjects prefer the three-part tariff (3PT3) over the two-part tariff (2PT2) (58.65%,
z = 3.058, p = 0.002), which matches the preference observed in the comparison of plans
at the base level.

In both cases, the expected payment for a three-part tariff plan is about 10% higher than
that for a two-part tariff plan. Comparing the decreases in the proportion of subjects who
chose three-part tariff plans (22% and zero, respectively), Hypothesis 4 is again rejected.

4.2. Data Usage

The results provide strong evidence in support of Hypotheses 1 and 3. Overall, the
subjects seem to be more consistently inclined to avoid uncertainty in data usage than in
voice.
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4.2.1. Flat-Rate vs. Three-Part Tariffs

At the base level, where the expected payments are the same, subjects prefer a flat-rate
tariff plan (FT1) over a three-part tariff plan (3PT1) (56.41%, z = −2.265, p = 0.024), which
is different from the indifference observed in the voice plan choice. The difference in the
preference between the voice plan and the data plan is marginally significant (p = 0.109)
when tested with the logistic (probit) regression at the 5% significance level.

When the expected payment for a flat-rate tariff plan increases by 20% from the base
level (FT2) and that for a three-part tariff plan increases by 10% (3PT2), subjects prefer the
three-part tariff (3PT2) over the flat-rate tariff(FT2) (58.01%, z = 2.831, p = 0.005). This
preference, although consistent in direction, is significantly less pronounced in the data
plan choice than in the voice plan choice (z = 3.85, p < 0.001)

When the expected payment for a three-part tariff decreases by 10% (3PT3) and is
paired with the flat-rate tariff plan at the base level (FT1), subjects prefer the three-part
tariff plan over the flat-rate tariff plan (56.41%,z = 2.265, p = 0.024). This preference,
although consistent in direction, is significantly less pronounced in the data plan choice
than in the voice plan choice (z = 3.73, p < 0.001). As in the voice usage case, it is hard to
conclude that the amount of fixed fee affects subjects’ preference for tariff structures, which
is consistent with Hypothesis 4.

4.2.2. Flat-Rate vs. Two-Part Tariffs

The results reveal a stronger preference for flat-rate tariffs over two-part tariffs. When
expected payments for both plans are the same at the base level, subjects choose the flat-
rate tariff (FT1) over the two-part tariff (2PT1) (80.77%, z = 10.87, p < 0.001), which is
significantly greater than 56.41% observed in the voice usage (z = −6.42, p < 0.001).

When the expected payment for a flat-rate tariff plan increases by 20% from the base
level (FT2), subjects are now practically indifferent between the the flat-rate tariff (FT2)
and the two-part tariff at the base level (2PT1) (z = 0.680, p = 0.497). This is statistically
different from the preference observed in the voice usage case (z = −7.70, p < 0.001).

When the expected payment for a two-part tariff plan decreases by 20% from the base
level (2PT2), subjects still prefer the flat-rate tariff (FT1) over the new two-part tariff (2PT2)
(72.76%, z = 8.041, p < 0.001), which is greater than the proportion (41.35%) observed in
the voice usage case. Note that it is only about 8% lower than the proportion observed at
the base level, similar to the observation in the voice usage case. This result implies that
the amount of fixed fee indeed affects subjects’ preference for tariff structures in the same
way as in the voice usage case, contrary to Hypothesis 4.

4.2.3. Three-Part vs. Two-Part Tariffs

As in the case of voice usage, subjects show a strong preference for three-part tariff
plans over two-part tariff plans. We find that 75.00% prefer the three-part tariff plan
(3PT1) over the two-part tariff plan (2PT1) at the base level(z = 8.947, p < 0.001), which
is significantly greater than the proportion observed in the voice usage case (58.65%)
(z = −8.24, p < 0.001).

When the expected payment for a three-part tariff plan increases by 10% from the base
level (3PT2), 50.96% of the subjects choose the three-part tariff (3PT2) over the two-part tariff
at the base level (2PT1), indicating indifference, which is inconsistent with the preference
for 2PT1 over 3PT2 observed in the voice usage case.

When the expected payments for a three-part tariff plan and a two-part tariff plan
decrease by 10% and 20% from the base level, respectively, 67.95% of the subjects prefer
the three-part tariff (3PT3) over the two-part tariff (2PT2) (z = 6.342, p < 0.001), which
is greater than the 58.65% observed in the voice usage case (z = −4.33, p < 0.001. The
amount of fixed fee again affects subjects’ preference for tariff structures, as in the voice
usage case, contrary to Hypothesis 4.
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Table 3. Discrete choice results of a preferred plan (voice).

Q1 FT1 FT1 FT2 FT2 3PT1 3PT1 3PT2 3PT2 3PT3 3PT1 3PT1 3PT2 3PT3 3PT3

Q2 2PT1 2PT2 2PT1 2PT2 2PT1 2PT2 2PT1 2PT2 2PT2 FT1 FT2 FT2 FT1 FT2

1s 176 129 67 52 183 149 114 84 183 156 262 227 221 266
2s 136 183 245 260 129 163 198 228 129 156 50 85 91 46

1 (%) 56.41 41.35 21.47 16.67 58.65 47.76 36.54 26.92 58.65 50.00 83.97 72.76 70.83 85.26
2 (%) 43.59 58.65 78.53 83.33 41.35 52.24 63.46 73.08 41.35 50.00 16.03 27.24 29.17 14.74

z-value 2.265 −3.058 −10.079 −11.778 3.058 −0.793 −4.757 −8.154 3.058 0.000 12.005 8.041 7.361 12.458
p-value 0.023 0.002 0 0 0.002 0.428 0 0 0.002 1 0 0 0 0

Table 4. Discrete choice results of a preferred plan (data).

Q1 FT1 FT1 FT2 FT2 3PT1 3PT1 3PT2 3PT2 3PT3 3PT1 3PT1 3PT2 3PT3 3PT3

Q2 2PT1 2PT2 2PT1 2PT2 2PT1 2PT2 2PT1 2PT2 2PT2 FT1 FT2 FT2 FT1 FT2

1s 252 227 162 140 235 198 159 136 212 136 216 181 176 226
2s 60 85 150 172 78 114 153 176 100 176 96 131 136 86

1 (%) 80.77 72.76 51.92 44.87 75.00 63.46 50.96 43.59 67.95 43.59 69.23 58.01 56.41 72.44
2 (%) 19.23 27.24 48.08 55.13 25.00 36.54 49.04 56.41 32.05 56.41 30.77 41.99 43.59 27.56

z-value 10.87 8.041 0.680 −1.812 8.947 4.757 0.340 −2.265 6.342 −2.265 6.795 2.831 2.265 7.928
p-value 0.000 0.000 0.497 0.070 0.000 0.000 0.734 0.024 0.000 0.024 0.000 0.005 0.024 0.000

Table 5. Preference for the second options (2s), controlled by data usage (dummy, logistic regression).

Q1 FT1 FT1 FT2 FT2 3PT1 3PT1 3PT2 3PT2 3PT3 3PT1 3PT1 3PT2 3PT3 3PT3

Q2 2PT1 2PT2 2PT1 2PT2 2PT1 2PT2 2PT1 2PT2 2PT2 FT1 FT2 FT2 FT1 FT2

z-value −6.42 −7.77 −7.70 −7.39 −8.24 −4.30 −3.93 −3.62 −4.33 1.60 4.29 3.85 3.73 3.87
p-value 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.109 0.000 0.000 0.000 0.000

4.3. Subjects’ Awareness and Conjecture of Usage

One notable finding is the difference in the accuracy of subjects’ estimation of their
usage amount for voice and data. We calculate the difference between their estimates and
the actual value. After dropping outliers, the average difference is −5.88 (min) with a
standard deviation of 71.68 for voice usage, and −0.61 (GB) with a standard deviation of
2.02 for data usage. (The negative values indicate that subjects overestimate their actual
usage in both voice and data.) Note that we should examine the standard deviation, not
the mean, to find out the closeness of subjects’ usage estimates to their actual usage. Since
we cannot directly compare the standard deviation of voice usage and that of data usage,
we employ the coefficient of variation (CV), a statistical measure of the dispersion of data
points in a data series around the mean.

The CV is 0.41 for voice usage, but it is 0.88 for data usage, which is more than twice
that of voice usage. This notable difference in subjects’ accuracy of estimation between
voice and data usage is consistent with Hypothesis 2, which claims that data usage is more
challenging for consumers to control than voice usage. It supports Hypothesis 3, which
argues that the sense of controllability affects consumers’ preference for tariff structures in
different degrees for the voice and data usage.

4.4. Discussion

The results from the experiment are consistent with Hypotheses 1, 2, and 3. Subjects
prefer flat-rate tariffs over three-part tariffs, and three-part tariffs over two-part tariffs.
Their voice usage estimates are likely to be more accurate than those of data usage, and the
preference is stronger in data usage than in voice usage. We conjecture that the salience
and controllability in voice usage, which mainly stem from the “calling party payment”
scheme, contribute to reducing the disutility from the uncertain amount of usage and
payment, thus justifying the weaker preference for flat-rate tariff plans observed in voice
usage. Furthermore, it seems that controllability possibly reduces reference uncertainty
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more than usage uncertainty, which could explain why the preference for three-part tariffs
over two-part tariffs is stronger in data usage.

One might argue that the reason subjects had a lower sense of controllability in data
usage is that several 3G plans with the monthly fixed fee greater than KRW 54,000 provide
unlimited data. Thus, users have no reason to be aware of their data usage. However,
the data suggests that the estimates of data usage by subjects who subscribe to LTE plans,
which do not provide unlimited data, are likely to be far from optimal, as compared to the
actual usage. The average data usage of subjects who subscribe to the 4G LTE plan of KRW
62,000 (LTE62) or greater fixed monthly fee, the average data usage quantities are 1.659 GB
(LTE62), 1.957 GB (LTE72), 1.908 GB (LTE85), and 2.017 GB (LTE100), respectively, which
are below the initial allowances (ranging from 5 GB to 20 GB).

Another possible explanation is that subjects have not yet formed a reference in data
usage, which is a relatively newer service for them at the time of our experiment. Thus, it
is not necessarily because the fluctuation of data usage is greater than that of voice usage.
Although the coefficients of variation (CV) are not calculated for individual users, the CV
of the subjects’ actual voice usage is 0.84, which is less than 1. Meanwhile, that of their
actual data usage is 1.02, which is greater than 1. If this can be applied on an individual
level, we predict a higher fluctuation in data usage than in voice usage. Moreover, based on
the prediction of Herweg and Mierendorff [27], if the result is mainly due to inexperience
in the subjects’ use of data services, they should have shown a stronger preference for
flat-rate tariff plans than they do in the experiment.

Unlike the other hypotheses, Hypothesis 4 is not consistent with the present exper-
imental results. The preference for flat-rate tariffs over two-part tariffs and three-part
tariffs over two-part tariffs is stronger as the level of expected payment gets lower, thus
implying that the preference for tariff structures is affected by the amount of fixed fee.
However, we observe almost no difference in the preference between three-part tariffs and
two-part tariffs regardless of the difference in the level of the expected payment. Overall,
the preference for three-part tariffs, which is more pronounced in the data usage, is hard to
explain via rational choice or a conventional loss-aversion model alone.

5. Conclusions

Adopting the idea of reference uncertainty from the GL model [10,11], and conducting
a laboratory experiment, this paper investigates the effects of consumers’ preference for
tariff structures on their mobile plan choices. The present research exploits the fact that
the fixed fee and initial allowance in three-part tariff can be regarded as the status quo or
the initial wealth for consumers, and, using a simplified GL model, we hypothesize that
tariff structures influence these uncertainties: flat-rate tariffs remove both uncertainties,
two-part tariffs remove none, and three-part tariffs remove the reference uncertainty only.
It was also hypothesized that the salience and the perceived controllability in voice usage,
combined with the “calling party payment” scheme, contribute to reducing the disutility
from uncertain usage amount, thus justifying the preference for flat-rate plans in the
voice usage case. Moreover, it appears that the sense of controllability affects reference
uncertainty more than payment uncertainty, which could explain why the preference for
three-part tariffs is stronger in data usage.

This paper empirically test mobile plan choice with the experiment. In the first half,
we collect responses on usage patterns and conjecture the subject’s usage distribution by
combining the answers with the information about his/her mobile plan subscriptions. In
the second half, we ask subjects to state their preference for 14 pairs of mobile plans with
different tariff structures (for both voice and data) generated from the conjectured usage
distributions. Finally, we collect subjects’ actual usage information where possible.

The results show that subjects prefer flat-rate tariffs over three-part tariffs and three-
part tariff over two-part tariffs, and their estimates of voice usages are likely to be more
accurate than those of data usage. Moreover, the preference is stronger in data usage than
in voice usage. Subjects’ preference for flat-rate tariffs over three-part tariffs is relatively
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weaker, especially in voice usage, while the preference for three-part tariffs is more pro-
nounced in data usage. The results are consistent with the predictions that consumers’
perceived differences in the controllability of voice usage and data usage lead to the dif-
ference in the reference uncertainty. In addition, there is a notable difference in subjects’
accuracy of estimation between voice and data usage. An interpretation is that data usage
is more challenging for users to control than voice usage.

In conclusion, consumers experience disutility from the reference uncertainty and
wish to remove it, and they are more willing to do sowhen the expected payment is
low. Moreover, the reference uncertainty creates more disutility for consumers than the
payment uncertainty. The results are challenging to explain via a rational choice or a
conventional loss-aversion model. Hence, the reference uncertainty, as described in the
modified GL model, exists and influences consumers’ choice of mobile plans. Overall,
this research suggests that the current pricing of mobile telecommunication service may
be further adjusted to derive more sustainable and practical tariff structures that meet
both consumers and corporate goals. Especially, it implies that consumers tend to respond
differently to voice and mobile plan choice due to different levels of uncertainty they
perceive in each cases. Armed with the better understanding of consumer psychology
provided by this study, future research will need to further explore ways to implement these
findings into sustainable mobile policy. (The results also provide supportive experimental
evidence for previous theoretical studies such as Bar-Gill and Stone [26] and Herweg and
Mierendorff [27].)

Note, however, that even though the results are consistent with our hypotheses, they
cannot exclude every alternative explanation. For example, it is difficult to rule out the
possibility that the subjects’ inexperience in using mobile data service (mostly less than
three years as of 2012), relative to mobile voice services, influenced the results. (It depends
on whether consumers actually become aware of their usage with time (e.g., [35]), or stay
inattentive to past usage (e.g., [36]).) Thus, further investigation is necessary to solidify our
conclusions. For example, analyzing individual choices using a random utility model could
help attain a more robust conclusion regarding the effects of tariff structure preference.
Note also that although our approach of conjecturing a subject’s usage pattern by not using
the same usage tables for every subject is useful for bringing their choices closer to that of
real-world mobile plans, it is not useful in capturing the degree of disutility or uncertainty.
These limitations need to be addressed in future studies.
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Abbreviations
The following abbreviations are used in this manuscript:

3G Third Generation (mobile network)
CV Coefficient of Variation
GB Gigabyte
GL Gain–loss
KRW Korean Won (currency)
LTE Long-Term Evolution (mobile network)
USD United States Dollar (currency)

Appendix A. Major Mobile Subscription Plans (at the Time of Data Collection)

Table A1. Major smartphone plans in South Korea (3G).

Initial Endowment Amount

Flat Rate
(KRW/mo.)

SK Telecom KT LGU+

Data Voice Data Voice Data Voice

34,000 100 MB 150 min. 100 MB 150 min. 1 GB 150 min.

44,000 500 MB 200 min. 500 MB 200 min. 1 GB 200 min.

54,000 unlimited 300 min. unlimited 300 min. unlimited 300 min.

64,000 unlimited 400 min. unlimited 400 min. unlimited 400 min.

74,000 unlimited 600 min. unlimited 600 min. unlimited 600 min.

94,000 unlimited 1000 min. unlimited 800 min. unlimited 1020 min.

Table A2. Major smartphone plans in South Korea (LTE).

Initial Endowment Amount

Flat Rate
(KRW/mo.)

SK Telecom KT LGU+

Data Voice Data Voice Data Voice

34,000 550 MB 120 min. 750 MB 160 min. 750 MB 160 min.

42,000 1.1 GB 180 min. 1.5 GB 200 min. 1.5 GB 200 min.

52,000 2.0 GB 250 min. 2.5 GB 250 min. 2.5 GB 250 min.

62,000 5.0 GB 350 min. 6.0 GB 350 min. 6.0 GB 350 min.

72,000 9.0 GB 450 min. 10.0 GB 450 min. 10.0 GB 500 min.

85,000 13.0 GB 650 min. 14.0 GB 650 min. 14.0 GB 750 min.

100,000 18.0 GB 1050 min. 20.0 GB 1050 min. 20.0 GB 1200 min.
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Appendix B. Captured Screen of the Experiments

Figure A1. A subject enters her/his current mobile plan (in Korean). Specifically, the capture asks a subject’s current mobile
subscription plan. The subject chooses “All-in-One 54,” a three-part tariff 3G plan provided by KT that charges KRW 54,000
as a fixed-fee, a little less than USD 50, and gives 150 min of the initial voice allowance and unlimited data. Table 1 provides
more details.

Figure A2. A subject enters her/his experience of over/underusage for the last six months (in Korean). Specifically, the
capture asks a subject’s experience of underusage and/or overusage for the last six months if the subject’s subscription plan
has the three-part tariff structure. Voice under/overusage is measured by minutes while data under/overusage is by the
ratio of under/overusage amount to the initial data endowment.
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Figure A3. Conjectured usage distribution for a subject (in Korean). Specifically, the capture of the screen shows the
individualized usage distributions generated for a subject, both voice, and data, based on their answers and our assessment.
The bar graphs in Figure A3 visualize the conjectured usage distributions, blue one for voice and red one for data,
respectively. The conjectured average voice usage is 235 min with a standard deviation of 95 min, and the conjectured data
usage is 2GB with a standard deviation of 1.08G..

Figure A4. Mobile plan choice: flat-rate tariff vs. three-part tariff at the base level (voice, in Korean). Specifically, the capture
of the screen shows a mobile plan choice between the flat-rate tariff plan of KRW 55,000 (about USD 50) and the two-part
tariff plan with the fixed fee of KRW 30,000 and KRW 108 per minutes. The expected payments are designed to be the same,
given the conjectured usage distribution shown in Figure A3.
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