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Abstract

I develop a simple theory of supervised training under multitask incentives in which
participation is valuable independently of completion. When completion-inducing ef-
fort is not contractible and supervisors allocate time across competing activities, equi-
librium completion effort may be pinned to the minimum required for participation.
The model yields two regimes: an alignment regime, where effort is determined by
marginal incentives, and a captive regime, where it is pinned by the participation con-
straint. Comparative statics are regime dependent and can be counterintuitive: higher
completion payoffs and participation benefits may reduce effort under a captive regime,
while portable benefits and competition can mitigate this distortion by raising outside
options. I discuss this mechanism as an explanation for low completion rates and

extended time-to-degree in graduate education in developing contexts.
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1 Introduction

Graduate education, like internships and apprenticeships, occupies an unusual position in
labor markets since students are simultaneously trainees and production inputs. This dual
role creates a tension in how institutions value student outcomes, as participation itself
can generate benefits independent of completion. Faculty may value student participation
through its role in securing funding from enrollment and providing teaching and research
assistance, while students may value participation through stipends and research experience
signaling independent of completion. In many environments with weak incentive structures
or limited competition, institutions may sustain high participation while placing insufficient
weight on completion.

Evidence from universities in the United States and Europe suggests that university
productivity tends to be more responsive to positive funding shocks when there is both
autonomy and competition (Aghion et al., 2010), highlighting that accountability can be in-
creased by mobility reforms and merit-based competition. In developing academic systems,
however, local competition between institutions may be limited, and students may face mo-
bility constraints that prevent them from exercising meaningful outside options, as public
graduate support is commonly administered through national scholarship programs or cen-
tralized public funding streams tied to a limited number of domestic or flagship universities.
At the same time, faculty in such systems often face competing mandates, including sub-
stantial involvement in policy, administration, and public service (Douglass, 2016; Zamora,
2016).

These features generate key constraints: limited student options and weakly portable
funding, and multitask demands on faculty that trade off between completion-enhancing
activities (such as advising and research supervision) and non-completion activities (such as
policy engagement, public service appointments, and external side-projects). A commonly
observed phenomenon in some developing contexts is persistently low graduation rates and
extended degree time in graduate programs attributed to low advising commitment (Saloma,
2025).!

This paper’s contribution is to formalize how these constraints shape equilibrium comple-
tion outcomes. I model an interaction between mobility constraints and multitask trade-offs,
and show how they can generate persistently low completion even in the presence of high
participation and concentrated funding. The model delivers sharp comparative statics and

characterizes two regimes. An alignment regime, where incentives sustain completion effort

'In the Philippine context, the average completion rate in doctoral programs in the country’s flagship
campus falls below 30% (29.83%) in the entire period of 2010-2025, with an average degree time of 8.5 years.



and a captive regime, where effort is pinned to the minimum level feasible. The paper adopts
a reduced-form institutional perspective. Rather than solving an optimal contracting prob-
lem, the analysis treats the funding body as an external principal (e.g. the state) that sets
policy-relevant parameters such as faculty and student funding, completion-related payoffs,
rewards and promotions. The paper’s purpose is to show how these exogenous features
shape equilibrium outcomes when completion-inducing effort is not directly contractible and
participation itself generates value. This makes the model a theory of supervision under
externally given incentives rather than a contract-design exercise?. Although motivated by
faculty supervision, the mechanism generalizes to settings where an external body or the

state sponsors apprenticeships and training programs.

1.1 Related Literature

The closest intellectual ancestor is the multitask literature, which studies how incentives are
distorted when agents divide effort across competing activities (Holmstrom and Milgrom,
1991) and the logic of second-best contracts when payoffs and performance measurement
are imperfect or weakly aligned to the objective (Baker, 1992; Prendergast, 1999). The
present model adopts that logic by allowing faculty to allocate time between completion en-
hancing activities and alternative activities, so that stronger returns elsewhere can weaken
completion-oriented effort which is relatively less visible and measurable. While supervi-
sion can be viewed as a form of team production with imperfect attribution of individual
contributions (Alchian and Demsetz, 1972), the mechanism here operates through multitask
incentive distortions rather than monitoring per se. The paper also adopts ideas used in con-
tract theory (Bolton and Dewatripont, 2005) by modeling student participation constraints
but without explicitly specifying a full contracting environment. Rather, I show that when
participation itself is valuable, the participation constraint, together with the associated
minimum effort level, becomes the relevant equilibrium object.

The paper is also related to canonical apprenticeship and training models, where agents
trade current effort for future returns under limited commitment (Becker, 1964; Acemoglu
and Pischke, 1998; Fudenberg and Rayo, 2019; Fudenberg et al., 2021). Those papers empha-
size how contracts structure the timing and intensity of training when agents can exit and
how commitment frictions and contractual structure shape training outcomes. In contrast,
this paper’s model isolates a different friction: even under full commitment, completion may
be limited by multitask opportunity costs, as effort is reallocated toward competing activi-

ties. A final connection is to the literature on relational incentives (Baker et al., 2002). In

2Though I still heavily borrow some concepts in contract theory in defining the role of participation
constraints in determining outcomes



that literature, incentives are sustained by the value of future interaction. In contrast, the
present model does not model explicit repeated interaction: relational incentives are gov-
erned by an alignment parameter () connected to student completion payoffs, which may
include prospects of future interaction, coauthorships, and other relational incentives that
allows supervisors to internalize completion benefits of students. More broadly, the paper
fits within the organizational economics literature on multitask incentives and imperfect per-
formance measurement (Gibbons and Roberts, 2015), but emphasizes environments where

participation itself is rewarded independently of output.

2 Environment

2.1 Timing

The model considers an environment in which faculty solve a time-allocation problem across
competing tasks, while students are modeled along a single participation and effort margin.
A representative faculty member supervises a representative graduate student. Supervisors
are assumed to be tenured within the relevant time frame, thus they do not have an exit
mechanism but can otherwise freely decide on the allocation of university time, denoted by 7',
between completion enhancing effort e (hereafter, advising effort) and alternative competing

tasks a, while students choose participation and student effort s. Timing is:

1. The faculty member commits to an allocation of advising effort e € [0, 7.

2. The student observes e and then decides on participation and chooses a level of student
effort s > 0.

3. Degree completion occurs stochastically for participating students according to the com-

pletion technology below.

Faculty choose advising intensity anticipating the student’s effort response. The Stackelberg
timing is motivated by an incumbent advantage: established faculty or departments have
pre-existing relationships, reputation, and agenda-setting power (e.g., research direction,
supervision structure, and collaboration norms), while students take these conditions as
given when deciding whether to participate and how much effort to exert.

Effort is observable to both student and faculty but not verifiable by an external principal
(e.g., the state or funding body), and is therefore not contractible. Incentives can condition
only on observable outcomes such as participation (enrollment) and completion (graduation).

The payoffs associated with completion and participation are shaped by both policy and

institutional features. In the following sections, we let V' denote the value of completion to
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students (with an alignment parameter 3 for faculty capturing how they internalize student
completion benefits), and R, and Ry denote participation-based benefits accruing to students
and faculty respectively. These capture reduced-form incentives arising from funding rules,
stipends, promotion systems, and other institutional arrangements. These objects may be
influenced by policy, thus they are treated as exogenous shifters in the model. The model
is intentionally minimal to allow for further context-specific extensions. In the following

sections I state some regularity conditions.

2.2 Completion technology

Assumption 1 (Regularity conditions of the completion technology). Completion (degree

award) occurs with probability

oP oP 0*P 0*P
P 1 — — — — )
(e,s) € (0,1), 50 0, 95 0, = < 0, 55 < 0
The cross-partial satisfies
0*P
>0,
Oeds —

Hence, P(e, s) is twice continuously differentiable, strictly increasing, and strictly concave in

each argument, with weak complementarity across inputs.

The additional weak complementarity assumption is not needed for the existence of a
unique student best response, but it makes the economics of supervision and the subsequent
comparative statics transparent: under this model, better supervision effort increases the
marginal product of student effort, and better student effort increases the marginal product

of supervision.

2.3 Student

The student observes the advising effort chosen by the supervisor and optimizes his own
effort. In order to choose to participate, the optimized payoff of attending must satisfy a
participation constraint or the next best feasible option. The student’s effort is not directly
contractible, so the relevant margin is how effort responds to the value of completion. This
formulation captures the idea that students are retained by a combination of participation
benefits and the prospect of completion. The student derives utility from participation and
from successful completion, net of effort costs. If the student exerts effort s, expected utility
is

Us(e,s) = Rs+ P(e,s)V — c(s),



where V' > 0 is the payoff tied to degree completion, R, denotes participation benefits (e.g.,
grants and within-institution benefits), and ¢(+) is the cost of effort with

de d?c dc
— >0 — >0 —(0) = 0.
> Y 9 ds()

Given e, the student chooses effort to solve

max Ry + P(e,s)V — c(s), SO g(e, s)V — £<S) =0.

Under regularity conditions, this defines a unique best response s(e). Let
Us(e) == Ry + P(e,s(e))V — c(s(e))

denote the student’s indirect utility.

The student participates only if this utility exceeds an outside option. Therefore, poten-
tial competition operates through changes in this participation constraint, either directly or
through increased portability of participation benefits R,. This can be done through having
an increased number of institutions where state grants are redeemable.

To capture the extent of portability-induced competition, let 7 € [0, 1] index the porta-
bility of participation benefits R;,. When 7 = 0, benefits are institution-specific and cannot
be realized outside the current match, corresponding to weak or absent competition or a sin-
gle institution/department having a monopoly on redeeming student state support. When
7 = 1, benefits are fully redeemable across institutions, allowing students to exercise outside
options across programs. Intermediate values of 7 capture partial portability. Hence we can

let the student’s outside option be given by
w = wy + TR,

where wy reflects baseline opportunities outside the program. The participation condition is
therefore
Us(e) > w(r). (P.C.)

We implicitly assume that participation is feasible and non-trivial, i.e.

Us(0) < w(r) < Us(T).



2.4 Faculty

Faculty allocate completion-enhancing effort e and competing tasks a subject to a fixed time
endowment, following the allocation-of-time logic of Becker (1965), where time is allocated
across activities that produce payoff-relevant outcomes, in this case completion. This allows

the model to capture multitask distortions through opportunity costs given
e+a<T.

To keep the mechanism transparent, I use a linear opportunity return x from alternative

activities a. Faculty utility is therefore given by
Up(e,a) = Ry + BP(e, s(e))V + xa,

where R; > 0 is the faculty payoff tied to maintaining an active graduate program, 8 > 0
measures the alignment of faculty payoffs with student completion, and x > 0 is the constant
marginal return to alternative activities.

The parameter [ captures how aligned student completion is with faculty payoffs, which
could reflect potential coauthorships, reputational and relational incentives, and faculty pro-
motions associated with successfully graduating a student. Thus, completion-related incen-
tives operate through SV. x here represents the returns of competing tasks or multi-task
distortions in the spirit of Holmstrom and Milgrom (1991). In this application, it is meant
to capture the phenomenon that potential supervisors often allocate time across a range of
activities including advising, policy engagement, required administrative service, political
involvement, and external advisory roles. Some of these activities may generate more imme-
diate or visible returns for departments or faculty careers than graduate supervision. These
activities may or may not be socially optimal or intended by external funding programs; but
the model tries to capture the institutional reality that faculty must and will allocate effort
across them.

Moreover, faculty are modeled without a participation constraint. This reflects the insti-
tutional environment motivating the paper, where faculty are typically tenured or otherwise
attached to the institution over the relevant horizon. Accordingly, the relevant margin is
the allocation of time across activities rather than entry or exit decisions. The parameter
Ry captures the value of maintaining an active graduate program, including participation or
enrollment-based funding and within-institution benefits tied to sustaining program activ-
ity. Assumption 2 ensures that these benefits are sufficiently high for maintaining an active

supervisory relationship to be individually rational.



Assumption 2 (Participating and maintaining active students are incentivized). For every

feasible allocation of time,
Ry + BP(e,s(e))V +x(T —e) > zT Ve € [0,T].

Hence the faculty member weakly prefers retaining representative student participation to

having no program.

The faculty problem is therefore a time-allocation problem rather than an entry—exit
decision. Moreover, I assume the reduced form faculty objective, which takes into account
the student best response, is well behaved: strictly concave in e and has an interior solution

which is equivalent to assuming the below:

Assumption 3 (Faculty problem). The reduced-form objective
BV P(e,s(e)) + Ry — ze

is strictly concave in e on [0,T], and the unconstrained optimum eyc lies in the interior of
(0,7).

The concavity assumption is equivalent to assuming P(e, s(e)) is strictly concave in e,
which means that the student response to increasing e is not too high to induce convexity

in the completion technology.

3 Equilibrium

Following the sequential structure, the equilibrium is subgame perfect. Faculty choose e
anticipating student best response subject to the student’s participation constraint. The
equilibrium problem therefore combines two margins: the faculty’s time-allocation decision

and the student’s participation decision. Formally, the constrained problem is

eren[[z)i)T(] Ry + (P(e,s(e))V+x(T —e) st. Ugle) > w.
Because a = T — e at the optimum, this is equivalent to the reduced faculty objective
above. Because the faculty problem is subject to the student’s participation constraint,
the feasibility of any advising allocation depends on whether it delivers sufficient utility to
induce the student to remain in the program. In particular, there exists a threshold level of
advising effort below which the student opts out and above which participation is sustained.

To formalize this threshold, we define the following.



Definition 1. Let ey, denote the minimum aduvising effort that satisfies the student’s par-

ticipation constraint i.e.

Ug(emin) = w(T).

This defines emin as a function of the parameters (Rs,V,T), holding the primitives P(-) and
c(+) fized.

In contrast, the unconstrained faculty optimum is the level of advising that would be
chosen absent the participation constraint. It equates the marginal completion benefit from
advising with the marginal return to competing tasks. This is the point at which faculty are
indifferent at the margin between spending an additional unit of time on supervision and on

alternative activities as noted by the first order condition below.

Definition 2. Let ey denote the unconstrained faculty optimum solving

B%P(ew, s(eve))V = . (FOC)

This defines eyc as a function of the parameters (B3, x, V') keeping technology P(.) and student
costs c(.) fized.

Equilibrium The KKT analysis in the appendix characterizes the solution. Whether the
constraint binds or whether the problem reduces to an unconstrained optimization problem
will depend on the payoff relevant and institutional parameters. We can characterize the

equilibrium advising effort e* as

e* = max{emmn, evc}-

*

From this e* we get the associated s*(e*) and equilibrium probability of completion P*(e*, s*(e
The operating regime depends on whether the participation constraint binds, which I define

as follows:

Definition 3 (Alignment and captive regimes). The equilibrium is in the alignment regime
of
€uc Z €min,

so that advising effort is determined by the unconstrained optimum and e* = eyc. Alterna-

tively, the equilibrium s in the captive regime if

eyc < Cnin;



so that aduvising effort is pinned to participation and €* = ey

The distinction between the two regimes is central. In the alignment regime, the faculty
member’s incentives are sufficiently strong that effort is governed by the usual marginal
tradeoff and students are strictly better off than otherwise. In the captive regime, the
student’s participation constraint becomes the relevant disciplining force, and advising effort
is no longer chosen at the unconstrained optimum. Instead, effort is just high enough to retain
the student.

From the unconstrained FOC above we can readily observe conditions which increase the
likelihood of captivity. That is, when the returns of competing tasks x are very high. These
typically occur when available faculty supervisors are in high demand for public engage-
ments and when these are more visible and career enhancing. Equivalently, the same effect
occurs when the alignment parameter S is very low. That is, when there is poor matching,
loosely tied interests, and no future possible coauthorship opportunities that can help faculty

internalize student completion benefits.

Panel A: High Relative Alignment x ! 8T Panel B Low Relative Alignment x T8l

s(e) s(e)
(eminl S (emin)) /
“ i \

= ~
E(EUC'S(E‘UC)y\\
i

! [l s
/) i Up(e,s) =U

€min €uc eyc (.

e e

Figure 1: Advising equilibrium under alternative alignment and competing task return parameters.
The solid curve shows the student best response s(e) and the dashed curve represents a faculty
isopayoff Ur(e,s) = U. Panel A illustrates the case where faculty-student alignment is relatively
high and returns to competing tasks are low. The unconstrained optimum eyc exceeds the minimum
advising level ey required for participation. Panel B illustrates the case where the regime becomes
captive when the opposite occurs; equilibrium advising effort is determined by epiy.

Proposition 1 (Higher alternative-task return relative to completion-aligned return lowers
unconstrained advising effort). The unconstrained advising effort eyc is strictly decreasing
in the alternative-task return relative to the completion-aligned return, x /5. Equivalently, a
higher return to alternative tasks relative to completion-aligned returns lowers advising effort

and makes the captive reqgime more likely.
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This proposition isolates the multitask margin. The parameters x and 3 affect only the
faculty’s marginal allocation decision and therefore shift the unconstrained optimum eyc.
In contrast, they do not enter the student’s participation constraint, so e.;, is unchanged.
As a result, changes in relative returns operate purely by moving eyc, altering whether the
participation constraint binds. As shown in Figure 1, if the returns for alternative tasks
become so high relative to alignment 3, ey can decrease until supervision enters a captive
regime where ey < €. In this case the equilibrium just becomes the binding solution

e* = eyin which is the bare minimum effort necessary to retain the representative student.

3.1 Comparative Statics

In this section, I show the relevance of identifying which regime is in operation since the
main comparative statics, the direction of effects of relevant policy variables, can be regime
dependent. This, in turn, can potentially provide a mechanism to explain the observed and
unresponsive low completion outcomes despite expansion of resources, programs, scholar-
ships, competitive faculty retention policies, and promotional incentives in graduate educa-
tion (Saloma, 2025). All comparative statics are taken holding other parameters fixed. I

begin with the following lemma:

Lemma 1 (Reduced-form completion probability is increasing in advising effort). Under the

reqularity assumptions above,

d
d—P(e, s(e)) > 0.

(&

This captures the basic supervision margin: higher advising effort raises completion prob-
ability directly and, because advising and student effort are weak complements, indirectly
through student effort as well. This is the technical link that makes the regime comparison

economically meaningful. From this we can make the following Proposition:

Proposition 2 (Regime-dependent effects of completion payoffs and student rents). Con-
ditional on the alignment regime, higher V' raises equilibrium advising effort and completion

probability, while Ry has no direct effect on either.

de*
dV

>0,

Conditional on the captive regime, higher V' lowers equilibrium advising effort, while Rs has

a weakly negative effect:

<0.



Moreover, the effect of V' on completion probability is given by

d N A (o
WP(@ ,s(e*)) = d—P(e ,s(e ))W+E(€ ,s(e ))W

€

so that the overall effect is ambiguous in the captive regime.

Proposition 2 delivers the paper’s central counterintuitive result. When effort is con-
strained by participation, increasing the value of completion or increasing the student’s
in-program rent can reduce advising effort because both changes make it easier to retain the
student?®. The same parameters, therefore, that can raise effort in the alignment regime can
lower effort in the captive regime. That regime dependence is the core theoretical contribu-
tion of the paper.

Thus, this model hypothesizes that whenever advising commitment and completion rates
are unresponsive to even outcome-based incentives, there may be captive supervisory regimes
present. Here, advising effort would actually be lower if there were no participation constraint
or if students had weaker outside options. Hence, marginally increasing R, and completion
rewards V may encourage high enrollment and high retention for both faculty and students,

but not necessarily better completion rates. A useful corollary follows:

Corollary 1 (Threshold effect of completion value). If, over the domain of V', the equilibrium
1s captive for some values of V' and in the alignment regime for others, then there exists a
unique cutoff V* such that

emin(v*) = €UC(V*)-

For V.< V* the equilibrium 1is captive, and for V. > V* it is in the alignment regime.
Consequently, the effect of V' on equilibrium advising effort changes sign at V*.

While the effect of V' is regime-dependent as shown in Proposition 2, it can also induce
regime switching when it crosses a threshold. In particular, if there is a transition between
regimes as V varies, then there exists a cutoff V* at which ey, (V*) = eyc(V*)*. Around
this threshold, changes in V' affect outcomes through different margins, reflecting a shift in
the condition determining equilibrium effort. Economically, this means that under certain
conditions, there can be the case where a high enough change in completion rewards can

cause a regime-switching effect.

3In practice, changing the P.C. can affect the composition of students—for example by attracting individ-
uals with higher completion probabilities. This selection margin is not modeled here. The analysis isolates
the within-match incentive effect of participation rents on advising effort, holding the student type fixed.

4The existence of such a cutoff is not guaranteed. The model does not exclude the possibility that ey, (V)
and eyc (V) do not intersect even if they monotonically approach each other, so the equilibrium can remain
in a single regime for all V.
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Figure 2: Equilibrium effort as V' varies showing the regime switching effects at threshold V*

3.1.1 Portable funding and outside options

When alignment through completion-based incentives is weak or unattainable—either be-
cause faculty face high returns to competing tasks or because completion payoffs are in-
sufficiently internalized—the equilibrium may remain in the captive regime. In this case,
advising effort is no longer governed by marginal incentives but is instead pinned to the
minimum level required to sustain student participation. The only remaining disciplining
force is therefore the participation constraint itself. Policies that strengthen students’ out-
side options can raise this minimum effort level by making retention more costly for the
supervisor. In this sense, competition operates not by improving marginal incentives, but
by raising the floor on advising effort and the associated probability of completion. Portable
funding provides a natural mechanism for doing so by allowing participation benefits to be

exercised across institutions.

Proposition 3 (Portable funding raises effort in the captive regime). If the portability
parameter raises the effective reservation payoff from w(0) to w(r), then in the captive regime
de* d

> 0 and EP(@*,S(@*)) > 0.

In the alignment regime, T does not affect effort unless it moves the economy across regimes.

The portability result is straightforward. When students have non-exclusive grants, their
reservation payoff rises, so the institution must supply more advising to retain them. This is
why portable grants can improve completion in systems with weak competition: it disciplines
the institutions by making participation more valuable outside the current match. This

highlights that competition can operate as a safety net whenever marginal incentives fail: it
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raises the minimum level of completion effort and support that institutions need to provide

to maintain a level of participation.

Table 1: Summary of comparative statics for equilibrium advising effort

Parameter increase Alignment regime Captive regime

+ _
0 _
0

0

+
0
0
+ 0

>
RS
-
Ry
xr
8

4 Discussion and Additional Implications

The model highlights a regime-dependent mechanism. When incentives are sufficiently
aligned, advising effort is determined by standard marginal tradeoffs. When incentives are
weak relative to multitask distortions, effort collapses to the minimum required to sustain
participation. In this case, improvements in outside options act as a disciplining device.

The interpretation is especially relevant for developing academic systems, where graduate
study is often embedded in institutions that must also fulfill public-service mandates. Faculty
may be incentivized to allocate time to more visible external engagement and government
service. In such settings, student participation can still be valuable even when completion is
delayed. The model captures this by allowing supervision to generate value independently
of completion and by giving the student a participation threshold that disciplines faculty
behavior only when the threshold binds.

The model reinforces the common insight in the role of competition: in that it can
improve student options which raises the "minimum” level of emphasis institutions provide in
completion support necessary to sustain participation in their programs. While competition
does not always induce greater program effort when it is already in an alignment regime, it
provides a disciplining safety net whenever prevailing relations can become captive.

The framework also implies systematic distributional effects. Students with weaker out-
side options face lower participation thresholds and are therefore more likely to be retained
under minimal advising effort. This suggests that limited mobility or funding portability may
disproportionately affect students with fewer external opportunities. Moreover, if grants are
unexpectedly clawed back upon non-completion or non-participation, the effective reserva-

tion level may be lowered further, worsening the completion outcomes. That is a separate

14



margin of institutional design that the model is well suited to study.

An additional distortion arises if faculty influence both admission and funding decisions.
Then the faculty member may prefer students who are willing to participate in administrative
or external activities rather than those most likely to complete their degrees. This paper
does not model that selection margin, but the mechanism fits naturally with the supervision

channel developed here.

5 Conclusions

This paper shows that when participation itself is valuable and advising effort is not con-
tractible, equilibrium effort may be determined not by marginal incentives but by the mini-
mum required to sustain participation. In such captive regimes, standard policy levers—such
as increasing completion rewards or participation benefits—can have perverse effects by re-
laxing the participation constraint and reducing effort. In contrast, policies that strengthen
outside options, such as portable funding, raise the participation threshold and can improve
completion outcomes by increasing the minimum level of advising effort provided to stu-
dents. Beyond participation and completion incentives, captivity can also be alleviated by
(i) increasing faculty—student alignment through 5 and (ii) reducing the opportunity cost
of non-advising activities through x. When these margins are limited, strengthening stu-
dents’ outside options remains the primary mechanism for increasing supervisory effort. The
key implication is that improving outcomes in such environments may require strengthening

alternative options rather than intensifying incentives.
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A KKT conditions and binding characterization

Lagrangian and KKT conditions. Under Assumption 2, faculty weakly prefers to main-
tain an active program with participation, so the faculty problem can be represented as a

constrained optimization problem. The constrained faculty problem is

max Up(e) := Ry + fP(e,s(e))V +2(T —e) st. G(e) :=Ugs(e) —w > 0.

e€[0,T]

The Lagrangian is
L(e,p) =Urle) +pG(e),  p=0,

with Kuhn—Tucker conditions

5‘/%]3(6, s(e)) —x + u%e(e) =0, (1)
>0, G(e) >0, uGle)=0. (2)

From the envelope theorem and Assumption 1,

dUg(e) 0P
o = ae@s@V >0,

so G(e) is strictly increasing and the feasible set is [emin, 7.

Binding characterization. Let eyc denote the (unique, by Assumption 3) solution to

d
BV%P(e,s(e)) =z

Since G(e) is strictly increasing,
G(evc) 20 <= euc > Emin-

If ey > enmin, then = 0 and e* = eye. Otherwise the constraint binds and e* = ey;y,.
Hence,

e* = max{emin, euc}-
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B Proof of Lemma 1

The student’s first-order condition is

oP dc
55 (€3(e))V = —(s(e)).

Differentiating with respect to e yields

o?pP o?pP ds(e)  d’c ds(e)
m(e,s(e))‘/—i— @(e,s(e))\/ T = @(S(e)) 0
Hence 52 (e, ()
ds(e) _ I (e,s(e))V 0
de ~ T(sle) - e s@)V ~

from our regularity assumption 1 on P and the convex costs ¢ the numerator is nonnegative

and the denominator is positive. Therefore

d 0P oP ds(e)
@P(&S(@) = 5(67 s(e)) + 8_3(6’ 3(6))W > 0.

C Proof of Proposition 1

From the unconstrained first-order condition

d x
—P = —
I (eve, s(eve)) 3y
By the concavity assumption 3, %P (e,s(e)) < 0, so the left-hand side is strictly decreasing

in e. Hence, an increase in relative return to competing tasks with respect to alignment %
(holding V fixed) raises the right-hand side and must lower eyc.

Since e, is determined by the student’s participation constraint and does not depend
on faculty parameters x or [3, it remains unchanged. Therefore, a decreasing ey makes it

more likely that eye < e, i.e., that the equilibrium lies in the captive regime.

D Proof of Proposition 2

The proof is easiest by regime.
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Alignment regime. e¢* = eye If €* = ey, the participation constraint is slack and the

FOC is p
BV%P(e,s(e)) =z.

d2
’ de?

By Assumption 3, 45 P(e, s(e)) < 0 and by lemma 1, £ P(e, s(e)) > 0 so implicit differenti-

ation gives
de* B%P(e*,s(e*))

AV BVLP(er, s(er))

> 0.

Because P(e, s(e)) is increasing, completion probability rises with V. Since R, does not enter

the FOC, it follows that
de*

dR;

=0.
Captive regime. If ¢* = ey;,, then the relevant condition is U§ = w which expands to
R, + P(e*,s(e"))V — c(s(e*)) = wo + TRs.

Implicit differentiation yields

de* -1 de* P(e*, s(e*
det _7o1 o de_ Plesle))
dR, — dUsl) dv dUs(e")
de de
since % = %—f(e*,s(e*))\/ > 0 by the envelope condition and regularity assumption

1. Hence, higher V and higher R, weakly lowers the minimum advising effort needed for
participation (under full portability 7 = 1, the effect of Ry is 0).

Unlike the alignment regime, equilibrium e* is not chosen from the unconstrained FOC
where the effect of V' is only through e*. Here, V' also changes s from the student problem.
Let the equilibrium completion probability be

By the total derivative,

dP* 0P de* n OP ds

AV Oe dV = 0sdV’
Since s(e, V') depends on both arguments, apply the chain rule:

s dsdet | 0s
AV OedV = OV’
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Substituting yields

dp' _[9P  OP0s)de’ 0P 0s
dv | Oe 0s Oe | dV 0s OV
AP _ dPde  OP 0s
AV de dV =~ 9s OV

) +)

The bracketed term is equivalent to <4 P(e,s(e)) > 0 from lemma 1 which multiplied by
% < 0 makes the first term negative. From the regularity assumption 1 and student FOC,
the second term is strictly positive because a higher V' raises the student’s marginal return
to effort making the total effect ambiguous. Therefore the overall effect of V' on completion

probability is ambiguous to changes in completion incentives under a captive regime.

E Proof of Proposition 3

In the captive regime, the binding condition Ug(e*) = wy+ 7R applies. Since from envelope

condition, dei—ie*) > 0, implicit differentiation gives

de* R,
dr  dUs(e)

And from lemma 1,

d * *
EP(@ ,s(e")) >0

In the alignment regime, the constraint is slack and 7 does not enter the FOC hence,

de*

dT:O

and portability has no effect.

F Proof of Corollary 1

Equilibrium effort is given by
e* (V) = max{enn(V), evc(V)}.
If equilibrium spans both regimes over the domain of V', then there exist values of V' for

which e (V') > eyc(V) and values for which e (V) < eyc(V). Since epyin(V) is decreasing

20



and eyc(V) is increasing in V, the two functions cross exactly once at some V* such that
emin (V™) = euc (V7).

The regime characterization follows, and the change in sign of the effect of V follows from

Proposition 2.
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