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A Model of Student Performance

Abdract: This paper offers a simple model of student behavior. The model shows
that low-performing students, far from (as is often suggested) being cognitively
impaired, may well be responding rationally to the incentives that they face. The
model points to a strong link between low performance and grade inflation, and

suggests that combating the latter may have the effect of reducing the former.
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Casual observation suggests that many professors, horrified at the academic performance of their
students, infer that those students must be in some way cognitively impaired. The context of such
remarks may not be serious, but the topic is. Insofar as we fail to properly diagnose the causes of
students’ poor performance, our efforts to improve it are likely to be in vain. As economists, of
course, we know to be skeptical of casual inferences to the effect that people’s behavior is due to
irrationality or other cognitive limitations. In this paper I present a simple model suggesting that
low-performing students, far from being cognitively impaired, may very well be responding

rationally to the incentives that they face.
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Suppose, as a first approximation, that students care about two things: first, good grades, second,
a composite good to which we may refer as “stuff.” Let us suppose that the students’ utility is a

function of the effort they expend in order to achieve these two goals. Let x, = 0 be the effort
they expend on getting good grades, and let x, =0 be the effort they expend on getting stuff.
Thus, the total utility achieved by a student can be denoted U (x g,xs). Suppose, furthermore, that

the maximum total expenditure is one. Thus:

X +Xx.<1 0)

For simplicity, I will assume that the utility function is separable, so that it can be written as
U (Xg,xs) = U (X,) *+ Uy(X,). This condition reflects the assumption that the utility students derive

from the composite good is independent of their grades, and the other way around. Let

1,(0) = 1,(0) = 0.

The utility function for stuff is assumed to have the ordinary properties. Thus, U, () is

differentiable, with u, (x,) >0 and UZH(XS) <0 for all x,. The utility function for grades, though
continuous, increasing, and concave, is not everywhere differentiable. It has a kink at Xg , which

is the effort students must put into their studies in order to secure a passing (C) grade. This

implies that there is a discontinuity in the marginal utility of studying when students secure a

passing grade. For all x, ' xg, ul() is assumed to have the ordinary properties: it is



differentiable, with ul,(xg) >0 and ulm( Xy) <0. The following two conditions are the critical

assumptions of the model:

V(xg < x? )[u,/(xg) > uz/(xs)] )]

V(xg > x?)[u,,(xg) < uz/(xs)] (1D
Thus, for effort levels lower than that required to secure a passing grade, the marginal utility of
studying exceeds the marginal utility of trying to get stuff. However, for effort levels higher than

that required to secure a passing grade, the marginal utility of trying to get stuff exceeds the

marginal utility of studying.
The maximization problem faced by students in the model is the following:

max U(xg,xs) =u(x,) + u,(x,), subject to the constraint that X, + X <1

Xy X, =0

This is equivalent to the following problem:

ngp(c) U (Xg) + U, (1# X))



Assuming that students maximize, how much effort will they put into their studies? See the
Figure for a graphical representation. Letting (x;xj) denote the solution to the maximization

problem, it is easy to prove the following theorem:

THEOREM: X, = Xg

PROOF: For a proof by contradiction, suppose not. Thus, x; < x? or x; > xg. In the first

case, by (I), ul"( X;) > u2"( X:). But this means that students can increase their total utility
by increasing xZ and decreasing X, and if so (x;xj) is not a solution to the
maximization problem, contrary to assumption. In the second case, by (II),

ul,(x;) < uzl(x:). But this means that students can increase their total utility by decreasing

* . . * . * * . . . . .
x, and increasing x, and if so (x g,xs) is not a solution to the maximization problem,

contrary to assumption. In either case, we have derived a contradiction. QED.

Thus, when deciding how much to study, students choose the exact effort level that will secure

them a passing grade. The following corollary may also be instructive:

COROLLARY: x, =1-x,

PROOF: Trivial, from (0) and the assumption that students maximize.

Hence, students expend all the remaining effort trying to get stuff.
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How plausible is this model? Clearly, there are many students whose behavior is not captured by
the model. For example, it does not describe the behavior of students who are intent on pursuing
post-graduate studies, and who recognize that high grades are a sine qua non. Similarly, it does
not apply to students who fail from time zero and make no effort to adjust their behavior over the
course of the semester. The question, however, is not whether the model captures the behavior of
all students, but whether it captures the behavior of some relevant subset of the students who

cause grief to their professors.

There are several reasons to think that the model can serve as a rough approximation of the
behavior of such a set of students. Many students clearly recognize that college drop-outs face
serious penalties — social exclusion, disinheritance, debt, and so on — and therefore are willing to
give up the composite good in order to secure a passing grade. For such students, condition I
holds. Many students also judge that the benefits of pursuing honorable (as opposed to passing)
grades are limited - for instance, because prospective employers care about degrees but not
grades - and therefore decide that the opportunity costs of studying are too high. For such
students, condition (II) holds. The other assumptions, such as the separability of the utility
function, seem plausible enough for most people. These considerations suggest that the model is

empirically adequate for some significant proportion of students.



In addition, the model is capable of explaining at least two facts that might otherwise seem
puzzling. First, it explains why many students seem neither surprised nor disappointed when told
that they earned a straight C in the class. Second, it explains the fact, frustrating to many
professors, that additional efforts on their behalf — additional handouts, longer office hours,
private tutorials, makeup exams, and so on — often fail to improve students’ performance. The
explanatory power of the model offers additional, though indirect, support for its empirical

adequacy.
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As we have seen, the present model points to a particularly direct link between student

performance x; and the effort level required to secure a passing grade xg. The policy

prescription is obvious: in order to increase student performance in our classes the best we can
do is to increase the effort level required to secure a passing grade. Unfortunately, insofar as
grade inflation is a reality, and as grade inflation means that the effort level required for a
passing grade is decreasing over time, what we have done is the very opposite (cf. Sabot and
Wakeman-Linn 1991). Thus, perhaps ironically, the low performance of the students may be a
direct result of actions taken by their current and past professors. In any case, the model suggests
that eliminating or reversing grade inflation may be the best way to improve student

performance.

In sum, there is good news and there is bad news. The bad news first: it is quite possible that

many students do not try very hard to get good grades, choosing instead to pursue the composite



good. The good news is that low-performing students need not — as is often suggested — be
cognitively impaired. Certainly, the fact that students performed poorly cannot be taken as
evidence that they are cognitively impaired. For all we know, they may be responding rationally

to the incentives that we present to them.
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