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Abstract

In this paper we develop the observation that college students may
suffer from self-control problems (O’Donoghue and Rabin (2007)). In
our model students face a self-control problem when making choices
about how to learn: students acquire education using different combi-
nations of study and tuition (S and T'). We consider an ‘asymmetric’
self-control problem, where students can commit to 7" but not S and
investigate how this affects their decisions.

We show that the degree of self-awareness interacts with how stu-
dents learn and how this determines the ability to self-correct by pre-
commitment. Finally we show how the appropriate pricing of tuition
can ameliorate these problems.
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1 Introduction

In this paper we investigate how self-control problems might impact on the
capacity of students to acquire human capital and the role colleges might play
in this process. Self-control problems are particularly important at college
because students experience freedom for the first time and will frequently ad-
mit that once they arrive at college they fail to deliver on the good intentions
they formed when they took the decision to apply. There are two hypothesis
about the role of higher education: the human capital model (Becker (1962))
and the signalling model (Spence (1973)). In both models students can suffer
from self-control problems.

The capacity to overcome problems with self-control and the role that
tuition might play in mitigating such problems is the topic of this paper. The
recent announcement by the UK government (BIS (2016b)) that it intends
to introduce a Teaching Excellence Framework (TEF) to complement the
Research Excellence Framework (REF) has highlighted the importance of
teaching in higher education. As part of this process the government has
announced that it intends to publish information on contact hours and tuition
intensity (BIS (2016b) and BIS (2016a)). In earlier work we have modeled
the relationship between how much tuition students receive and how much
study they undertake. In that paper fully rational agents optimized their
time allocation between study, tuition and consumption. In this paper we
link this time allocation problem with the problem of self control. In the
context of this problem a renewed emphasis on contact hours and tuition

intensity makes sense: even high ability students may not be independent



learners.

The example of college students has been used to motivate models of
self-control in the literature (e.g. O’Donoghue and Rabin (2007)). There is
also an empirical literature supporting these claims (e.g. Ariely and Werten-
broch (2002)). Until recently, in the context of higher education an explicit
model has not been considered worthwhile. Hopkins (2016) uses Dynamic
Self Control (DSC) preferences to consider a model in which students, of
varying ability, allocate their time between study and leisure. In his model
a university sets a minimum amount of study that all students must meet.
Students choose how much to study and in doing so signal both their ability
and their level of self-control. Since these characteristics are jointly signaled
an employer will be uncertain of the exact combination. In his model uni-
versities do not engage in teaching and decisions about pedagogy have no
impact on self-control.

In our paper we argue that the details of how students learn can interact
with self-control problems. We use a two input education production function
(Study and Tuition), which leads to a natural definition of two learning pa-
rameters (Independence and Flexibility). We allow individual heterogeneity
across both parameters.

We develop a self-control model in which students motivation is reduced
by a present bias. We show that, for a given degree of self-control, how
students learn can amplify or ameliorate the original problem. In our model
the self- control problem will be most acute for students who choose to learn
on their own. We go on to show that how colleges price and bundle tuition

may have surprising implications for the problems caused by self-control. For



example we show that paying for tuition has few of the motivational benefits
that have frequently been claimed. Subsidizing tuition is a ‘virtue subsidy’
analogous to a ‘sin tax’ (O’Donoghue and Rabin (2003)). Finally we consider

what safeguards colleges can put in place to motivate students.

2 Literature

Self-control modifies the model of inter-temporal choice by altering the spec-
ification of time-preference. This can be formalized with a hyperbolic func-
tion (Loewenstein and Prelec (1992)). Hyperbolic discount rates are time-
dependent, with a high discount rate in the short run and a lower rate over
the long run. This creates a conflict between the preferences we hold to-
day and those we will hold in the future. Laibson (1997) introduces a much
simpler discrete version of this model with a quasi-hyperbolic discount rate,
which is now the standard way of modeling self-control.

O’Donoghue and Rabin (2003) and (2006) have used this framework to
show how problems of self-control can be ameliorated using “sin taxes”.
These papers are motivated with examples of individuals who consume both
a good where consumption today only influences utility today (carrots) and
a good with negative health consequences tomorrow (chips). The papers ex-
plore how the interaction between heterogeneous preferences and the levels
of self-control result in deviations from the efficient outcome. In their work
O’Donoghue and Rabin (1999) emphasize the importance of self-awareness.
Individuals who understand that they have a self-control problem (‘Sophis-

ticates’) will act differently to those who do not (‘Naifs’). They show that



sophisticated individuals can sometimes take steps to reduce consequences
of self-control. In other cases self-awareness can lead to a worse outcome
(O’Donoghue and Rabin (2000)). For a summary of their work on self-control
see O'Donoghue and Rabin (2007).

In contrast to public policy choices (O’Donoghue and Rabin (2003) and
(2006)), DellaVigna and Malmendier (2004) examine how firms respond to
consumer biases in the market for health clubs. They show that firms selling
to such consumers have incentives to reduce the self-control problems experi-
enced by their customers. In their model firms sell both “leisure goods” and
“investment goods”. Investment goods have current costs and future benefits
whereas leisure goods have current benefits and future costs. Firms charge
two-part tariffs with usage prices less than marginal cost for investment goods
and higher than marginal cost for leisure goods.

Mental accounting has been proposed as a response to self-control prob-
lems (Thaler (1985)). This involves a process whereby fungible assets are
mentally framed into different accounts. Since these accounts are assumed
to be non-fungible, mental accounting will influence decisions. Levitt et al.
(2012) have applied these ideas can be applied to how students learn.

Koch and Nafzigera (2014) create an endogenous model of mental ac-
counting. Throughout the paper an example is given of students allocating
time between study and leisure. Here individuals set goals to tackle their
self-control problems. These goals result in reference points that ensure poor
performance is painful. The paper sets out the conditions under which set-
ting goals can work. In the context of the student, accounts can be defined

as either time (e.g. effort) or outcome (e.g. grades). The paper looks at the



breath of such accounts (e.g. Daily or weekly accounting) and highlights the
costs and benefits of broader and narrower accounts.

Learning contracts are a similar idea which have been much discussed in
the pedagogy literature (Stephenson and Laycock (1993)). These collabo-
ratively written agreements between students and teachers are indented to
promote self-directed learning. The contract will define a set of learning
objectives and mechanisms by which these objectives can be achieved. A
possible explanation for the success of this policy is that the contract creates
reference points that give rise to mental accounts.

There also exists a large educational literature on self-control and student
motivation (Ames (1992)) and for a survey see Schunk et al. (2013)). This lit-
erature addresses three questions: What are the determinants of motivation
amongst students?” How does motivation affect attainment? How can teach-
ers promote student motivation? Explanations for poor motivation include
(Legault et al. (2006)): low expectations of success (e.g. locus of control),
low aspirations (e.g. reference points) and failure to perceive benefits (e.g.
hyperbolic discounting).

Numerous studies have investigated the relationship between motivation
and classroom attainment (Schunk et al. (2013)). For example Pintrich and
De Groot (1990) look at the performance of seventh grade students. They
found that self-reported measures of self-efficacy and intrinsic value were
positively related to cognitive engagement and performance. In addition,
the recent literature on human capital and personality formation has shown
that motivation is a malleable personality trait (Almlund et al. (2011)). In

that literature motivation has a large impact on attainment.



Levels of motivation may vary systematically amongst students, depend-
ing on observable characteristics such as race, class or gender. This has led
to an emphasis on the role of culture and context in determining motivation.
For example, Chinese students are more likely to attribute success to effort
than their US counterparts and therefore Chinese students may have more
inherent motivation to study (Salili et al. (2001)). Well-documented gender
differences include the finding that boys respond better to competition than
girls (Gneezy and Rustichini (2004)). These ideas, combined with the belief
that motivation is plastic, has led to a literature offering advice to teachers
(e.g. Brophy (2010)) and to governments (Almlund et al. (2011)). The advice
to teachers seeks to encourage intrinsic motivation and provide appropriate
extrinsic incentives.

There is a difference between the responsiveness of students to different
teaching technologies, and questions of student motivation. In this paper, we
explore how outcomes are jointly determined the interactions between how

students learn and their motivation.

3 Self control problems in production

In our model students are producers of education and consumers of the in-
come stream generated by this education. A meaningful self-control problem
cannot be formalized by simply discounting either the inputs or outputs of
the production function. Firms are usually assumed to maximize profit, m,

rather than the utility of profit U(w)!. Discounting can only be motivated

!Since, in a one period model maximizing 7 is equivalent to maximizing U ()



in producer theory by introducing time preference and therefore a utility
maximizing owner?. In the context of producer theory discounting therefore
needs to be carefully motivated.

In our model the student produces education which determines future
earnings. Although the self-control problem undermines the ability to study,
the hyperbolic discount parameter does not enter the education production
function. The student behaves as if the graduate premium is smaller than it
is, therefore it is the weight attached to the graduate premium that must be

hyperbolically discounted.

4 Model

This is a three period model: choices are made in period 0, costs are incurred
in period 1 and benefits realized in period 2. Time periods are normalized
to 1 and § = 1. The student has a present bias given by § < 1 (Laibson
(1997)).

In period 0, the student makes decisions about future college attendance.
Students choose between colleges that offer different levels of tuition (7°),
which the student will bundle with a chosen level of study (S5) to obtain
education F;(S,T). The student is fully informed about their education
production function (section 4.1). Thus the student chooses S* and T™* to

maximize:

Ut:UO—Fﬁ(Ul—'—Ug) (1)

2Discount rates may also appear as prices in a firms cost function. However this
represents the market rate of interest rather than an individual’s time preference.



Where u; = w'(l — S — T) — pT is utility at college, w' is the non-
graduate wage and p is the price of tuition. uy = w?(FE;(S,T)) is utility after
graduation and w? is the graduate wage (a function of E). ug*, which is not
a function of S or T, is the utility before college.

Since both costs and benefits of S and T" are “in the future”, the student’s
present bias does not do not affect her initial choice of S* or T™*. Thus, she

will $* and 7™ to maximize:

v=w'(l1-8—T)—pT +w*(ES,T)) (2)

In period 1, the student attends the college of her choice. We assume
that the T™ chosen in period 0 is fixed but that the student can reconsider
how much S to choose*. Now, since the cost of studying is in the present and
the benefit is in the future, present bias will mean the student behaves as if
the graduate premium is smaller than it it. This gives rise to a self-control

problem, with the student choosing S’ to maximize:

Ul =w'(1 -8 —T*) — pT™* + pw?(E;(S,T*)) (3)

In period 3, the student graduates with education E;(S’,7*). This means

3Reduced expenditure on tuition cannot be used used for consumption in period zero.

4Since we assume that S cannot be observed, strategies for dealing with self-control
must operate through T' by influencing the level of S. This is true for both students and
colleges. This contrasts with the existing literature where policy would be expected to
operate directly on S.



that with a self-control problem, realized utility is less than the first best:

w'(1=S*=T*)—pT*+w*(E;(S*,T*)) > w'(1=8'=T*)—pT*+w*(E;(S', T*))
(4)
For convenience we use w? = w' + F;(S,T) and this allows us to define

the Graduate Premium (GP) as:
GP = (E/(S,T)) —w'(S+T) —pT (5)

By evaluating Equation 5 at (S*,7%) and (S’,T"*) we can define the Po-
tential Graduate Premium (PGP) and Realized Graduate Premium (RGP).

4.1 Education production function

Following Huxley and Peacey (2014) students produce education from S and

T via an individual specific CES function:
1
Ei(S,T) = (iS” + (1 — )T7) (6)

where a; and p; are a student’s learning parameters: Independence and Flex-
wbility. Independence measures the weight given to each input in the pro-
duction function. Independent learners will choose to make most of their
human capital investments in the form of study and therefore the output
elasticity for study will be higher than for tuition. Flexibility is a measure
of how a student can adapt to different combinations of the two inputs. The

more easily the inputs can be substituted the more flexible the learner will

10



be. Flexibility determines whether learners view tuition and study as gross

substitutes or gross complements.

4.2 Naifs and Sophisticates

Following O’Donoghue and Rabin (1999) we consider students who are Naifs
and Sophisticates.

Naive students, unaware of their self-control problem, believe they will
behave as they would like to behave. Whereas Sophisticated students, aware
of their self-control problem, correctly predict how their future selves will
behave.

A Naif will act in the manner set out in Section 4. A Sophisticate, knowing
that she will choose S(8,T) < S*(T') according to Equation 3, will choose T

in period 0 to maximize:

U' = wX(B(S(8.T),T)) + w'(1 - S(8,T) — T) - pT (7)

This results in a choice of T # T*, and a hence a realization of S # 5. In
Section 5.3, we show that the success of the Sophisticate’s strategy will vary

with her learning.

5 Results

In this section we simulate the model and generate a set of results. Each sim-
ulation considers otherwise identical students with different values of . The

program (see appendix) evaluates all the possible combinations of (S,7T) to
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calculate the maximand, (S*,T%), of Equation 2. S* and T* are used to cal-
culate PGP. In the same way and now using 7™, the program then calculates
the maximand, S’, of Equation 5. S” and T™* are then used to calculate the
RGP?. The simulation is then run for different sets of the learning parameters
(o, p) and different prices of tuition (p).

In the sections 5.1 and 5.2 we consider the interactions between these
parameters for a Naif learner®. In section 5.1 we focus on the interaction
between how learning parameters and 3 by holding price constant. In section
5.2 we consider how changing the price of tuition influences the severity of
the self-control problem. In section 5.3 we show that the benefits of being

self aware vary with how a student learns’.

5.1 Learning parameters and /3

The results in this section are illustrated in Figures la,b,c. Each Figure is
drawn for one value of the flexibility parameter®. For each Figure we consider
an independent and a directed learner?. This gives six types of learner and
for each we allow the level of self-control to vary over the full range; with
B € [0,1] on the horizontal axis.

In general the graduate premium (vertical axis) will vary with the learning

parameters, however symmetric values of alpha (e.g. o« = 0.25 and o =

®The simulations measured units in 0.0lhours (© = 24), and considered 1000 values
of g €10,1].

6A discussion of the learning parameters can be found in Huxley and Peacey (2014).

"The program for the Sophisticate (see appendix), works in a similar way to the Naif
set out above.

8p = 0.5 (gross substitutes), p = 0 (Cobb-Douglas) and p = —5 (gross compliments).

9We consider a = 0.25 and o = 0.75
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0.75) generate the same potential graduate premium!®. This is shown by the
dashed horizontal line at the top of each Figure. RGPs for each learner are
shown by curves, since these are influenced by 5 (Result 1). If the individual
does not attend college then the graduate premium is zero, shown by the

dashed horizontal line through the origin.

Result 1. Higher levels of self-control reduce the gap between PGP and RGP

for all learners.

When 8 = 1, in period 1 a student will stick to her plan to study S’ = S*
and this means RGP=PGP. As her level of self-control declines she increas-
ingly fails to achieve her potential. When = 0 the self-control problem is so
serious that when the student arrives at college present bias means that she
behaves as if there is no benefit to acquiring education. Therefore she will
devote no time to private study (i.e. S’ = 0). Since S’ < S*, RGP<PGP'!.
Result 1 can be seen in Figures la,b,c: The RGP curves for both learners

slope upwards and converge on the dashed PGP line.
Result 2. In the presence of self-control problems RGP can be negative.

There is a time cost to college that results from attending classes and from
studying. Present bias can result in employing fewer inputs and producing
less education. This reduction in S, may mean that the return from 7 is
now lower than the forgone wage. Since T™ was contracted in period 1, this
would result in a negative graduate premium. In this case the individual

should not have attended college.

0For a given p and when p = 0.
HUEven with S’ = 0, since she contracted 7 in period 1, she may still acquire education.
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The critical level of self-control, BN, for which g < B would result in the
learner attending college and receiving a negative graduate premium will
depend on how she learns. B is illustrated in Figures la,b,c by the point

where the two RGP curves cross the dashed GP=0 line'?.

Result 3. The consequences of a given level of self-control depend on how

an individual chooses to learn.

Independent learners plan to study more than their directed counterparts
to generate the same level of education and thus their failure to study has
more serious consequences. In general, independence increases the cost of a
given level of self-control (in Figure 1a,b,c compare the RGP for each learner).
If the self-control problem is severe the graduate premium may be negative
(Result 2). In this case there can be an offsetting gain because, while both
learners receive very little education'®, the independent learner contracted
for less tuition (in Figures 1b,c the RGP curves for the two learners cross at
GP=0). In other words, losses are limited because less time and money is
wasted on an investment that will never yield a positive return.

Since the RGP is initially more responsive to 3 for an independent learner,
3 will be higher than for an equivalent directed learner. This result implies
there is a range of self-control levels for which directed learners should and
independent learners should not enroll in college. This is shown in Figures

1b,c.

12Moreover, for some learners this B may not exist. Directed learners for whom Study
and Tuition are highly substitutable would still have a positive RGP even if S’ = 0 and
B = 0. An example of such a student is represented by the directed learner in Figure 1la.

13This “offsetting gain” can only arise if S and T are sufficiently complementary (See
Figure 1a).
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Complementarity means that a reduction in study will reduce the marginal
product of the Tuition that has already been contracted for. Increasing com-
plementary has two implications. Firstly, the cost of not studying (given
T*) will increase. This means the student is less likely to succumb to her
self-control problem. Secondly, when she does succumb to her self-control
problem, there will be larger reductions in the RGP. For independent learn-
ers the first effect is likely to dominate, whereas for directed learners the
second effect is likely to dominate (compare RGP for directed learners in

Figures 1a,1b and 1c).

5.2 Price of tuition and

In this section we investigate the relationship between self-control and price

for a given learner.

Result 4. Increasing the price of tuition reduces the RGP for most students.
The exception being students with severe self-control problems (low B) who

will no longer enter higher education.

By changing the relative price the two inputs, a tuition subsidy is analo-
gous to a ‘sin tax’ (O’Donoghue and Rabin (2003)). This reverses the usual
argument in favor of charging students for their education'. A rise in the
price of Tuition will always lead to a fall in T*. However, both expenditure
on Tuition and S* may increase or decrease, depending on the elasticity of

substitution. If the price rise results in a substitution away from Tuition

14«The student financed by loan is likely to have a greater sense of individual respon-
sibility. He knows that he has to pay the price later on and is therefore all the keener to
get the most out of what he is buying” (Robbins (1963))
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Figure 2: Changing the price of tuition

the individual is worse off for two reasons. Firstly, the new bundle will cost
more. Secondly, this new bundle leaves the learner more susceptible to her
self-control problem (because she now relies more heavily on study).
However, if the self-control problem is severe the student may commit
in period 0 to investments that will yield a negative return (Result 2). In
this case, a price rise can reduce expenditure on Tuition, making the student
better off. Figure 2 illustrates this case for students facing a high and low

price.

5.3 Sophisticates and Naifs

As explained in section 4.2, in period 0 Sophisticates can take steps to reduce

the consequences of their self-control problem once they enroll in college. In
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this section we examine the welfare effects of this strategy by comparing the

outcomes for Naifs and Sophisticates.

Result 5. However students choose to learn, the RGP of a Sophisticate will
be weakly greater than the RGP of a Naif. If B > B this benefit increases in

independence and flexibility.

In our model, all students are perfectly informed about their education
production function. Naifs use this to calculate (S*,7™*) whereas Sophisti-
cates understand that in practice S’ < S*, and this has implications for their
optimal choice of Tuition (see section 4.2).

If 3 > /3, Sophisticates will purchase additional tuition in period 0. This
has two effects. The first effect is a direct effect: students purchase extra T in
order to compensate for the low S that they anticipate will result from their
self-control problem. The second effect is an indirect effect: by increasing the
cost of self-control, students will increase the amount of study they undertake
at college. This is similar to increasing the complementarity between S and
T. This formalizes Thaler’s example of self-aware alcoholics who chooses to
take the drug Antabuse (Thaler and Shefrin (1981)).

If g < B , Sophisticates will not attend college and therefore never obtain
a negative RGP. In other words, they know when not to back a loser.

For high levels of complementary between S and 7', the benefits of being
self-aware are limited. For these students the scope for benefiting from both
the direct and indirect effect is limited. Substitution is not practical and

there is little potential to increase the marginal benefits from study. For

15This example is a commitment strategy which increases the cost of an action - rather
than ruling it out.
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these students the benefit of knowing when not to enroll in college still exists.

Provided the learner is sufficiently flexible, both effects operate. Indepen-
dent learners can more readily substitute S for 7', and this permits sophis-
ticates to ‘claw back” some of the losses that result from their self-control
problem.

Figure 3 compares the RGP of a Naif and Sophisticate. Each quadrant
corresponds to a different type of learner: the columns show independence
and the rows show flexibility. At the top right of each figure, when 5 = 1,
RGPy = RGPy = PGP as there is no self-control problem. For § < 8 < 1,
RGPy < RGPs. This difference is greater for flexible learners (compare
rows of Figure 3) and independent learners (compare columns of Figure 3).

For 8 < 3, RGPs = 0 as the student decides not to attend college.
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6 Conclusion

Previous work on the formation of human capital has usually ignored motiva-
tion. Models assume fully rational students will never have problems getting
up in the morning, starting an essay, or keeping to a revision program. In
the standard model, attainment is a function of two factors: exogenously
determined ability; and effort, which is entirely determined by the reward
structure (as in the principal-agent literature). The process whereby stu-
dents make investments in human capital should surely incorporate insights
from behavioural economics.

Using a two-input model (S and T') allows us to investigate the possibility
that self-control problems operate differently on different inputs and therefore
that the mix of study and tuition chosen will have implications for the severity
of the self-control problem.

It is well known that some high-ability individuals can have problems
with motivation (Heckman and Rubinstein (2001)). Our paper provides one
explanation for college dropout by showing how these students overestimate
their willingness to study once they arrive at college, and therefore obtain
a negative graduate premium. Successful programs (e.g. Oreopoulos et al.
(2014), Bettinger and Baker (2011)) to improve graduate rates have addresses
this by focusing on motivation. We show the success of such programs may
depend on how individuals learn.

The consequences of self-control are more severe for independent learners,
and the scope for helping these learners is large. We go on to show that if

the complementarity between study and tuition is high, policies that increase
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tuition will also promote study.

The approach to policy taken by behavioral economists has been associ-
ated with policies that involve “libertarian paternalism” (Thaler and Sun-
stein (2003) and Colin et al. (2003)). It should come as no surprise that
models built on neoclassical foundations incorporating cognitive biases em-
phasize voluntary interventions. This suggests a policy that corrects for the
bias with minimal impact on the choices made by rational agents. The im-
plications of this paper (and the literature e.g. Romer (1993)) point toward
some form of compulsory attendance (e.g. compulsory classes or handing in
of work). Compulsion benefits students with low levels of self-control who
are tempted to skip class when they should not. However this gain must
be offset against the cost of compulsion, as some students may benefit from
skipping class to study independently.

We show that students who are self-aware when they choose a college
can make choices that ameliorate the consequences of their problem. This
suggests a role for policies that focus on nudging naive students into making
sophisticated choices when applying to college. In either case, the tuition
offered by universities must be public information. The recent proposal by
the UK government that universities must publish information on contact
hours and tuition intensity (BIS (2016a) and BIS (2016b)) can help students
make better choices.

We show how the inefficiencies caused by the self-control problem can
be reduced by appropriate pricing structures. For students who drop out of
college, this would involve increasing the price of tuition to deter them from

going in the first place. For students with a less severe problem, a ‘vitue
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subsidy’ on tuition will lead to behavior changes that improve outcomes.

Finally our paper suggests a novel interpretation of the signalling hy-
pothesis: students do not signal ability, which can be measured at low cost.
Rather, highly motivated students can signal their work ethic by choosing a
college where a large proportion of the learning is done via private study'®.
This comes at a cost: these students must choose an inefficient bundle of §
and T'.

Almost by definition, colleges cannot influence the study students under-
take on their own. However, as we have emphasized study only ever takes
place alongside some tuition. In this paper we have shown that how students

learn and self-control jointly determine choices and success at college.
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