
Filling Positions without Transfers:
Screening on Outside Options

Morteza Honarvar1 Joanna Krysta2 Eric Tang1

1Graduate School of Business, Stanford University
2Department of Economics, Stanford University

EC ’26
August 8, 2026

1 / 22



Motivation

2 / 22



Consider a designer allocating

- vertically-differentiated positions

- to agents with private outside
options

- without transfers.

Question: How can the designer fill the
greatest number of positions?
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Motivation

Example: volunteer assignment in the U.S. Peace Corps

- Assigns volunteers to development projects in 60+ countries. Assignment

- Volunteers have outside options: other jobs or graduate studies. Options

- Some locations are hard to fill; some are over-demanded. Positions

- Stipends are fixed. Stipends
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Motivation

- Job scheduling. Each agent has a job and a deadline, and prefers to be
scheduled earlier (Crès and Moulin (2001)).

- Section assignment. Assigning students to sections to maximize enrollment.

- Assignment of teachers, police officers, civil servants . . .
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Literature Review

- Two-sided matching: Gale and Shapley (1962), Akbarpour et al. (2022),
Cowgill (2024).

- Assignments without transfers: Hylland and Zeckhauser (1979),
Bogomolnaia and Moulin (2001), Budish et al. (2013), Miralles (2012),
Ortoleva et al. (2021), Ashlagi and Shi (2016).
Quantity objectives: Crès and Moulin (2001), Krysta et al. (2014),
Bogomolnaia and Moulin (2015)

- Ex-post participation decisions: Compte and Jehiel (2007), Compte and
Jehiel (2009), Haberman and Jagadeesan (2025).
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Model

- Continuum of agents and positions; finite set of types.

- Mass 1 of positions of increasing qualities x ∈ X = {x0, x1, . . . , xN−1}, PMF g.

- Mass D of agents with outside options θ ∈ Θ = X, with PMF f and CDF F .

- Agents have unit demand and increasing utility u : X → R+.

- This talk: common cardinal preferences, qualities normalized so u(x) = x.

- Designer assigns agents to positions without using transfers.

- Ex-post participation decisions: type θ accepts assignment x only if x ≥ θ.
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Model: Objective

- Let s be a vector, where sk is the mass of agents who accept position xk.

- Designer maximizes V (s), where V : RN → R and upper semicontinuous

- Example: Vfill(s) :=
∑N−1

k=0 sk

By the revelation principle, restrict attention to direct mechanisms:

a : Θ → ∆(X ∪ {∅}).

Before writing the IC and feasibility constraints, some examples.
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Example

Suppose D = 1; X = {0, 1, 2, 3}; uniformly distributed x and θ; objective Vfill.

- The first-best allocation

- achieves Vfill = 1.

- Violates IC
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Example

Suppose D = 1; X = {0, 1, 2, 3}; uniformly distributed x and θ; objective Vfill.

Common Lotteries

- Uniform common lottery

- achieves Vfill = 5/8

- Optimal common lottery

- achieves Vfill = 17/24
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Example

Suppose D = 1; X = {0, 1, 2, 3}; uniformly distributed x and θ; objective Vfill.

Other Mechanisms

- Binary menu of lotteries

- achieves Vfill = 5/8
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Example

Suppose D = 1; X = {0, 1, 2, 3}; uniformly distributed x and θ; objective Vfill.

Other Mechanisms

- Binary menu of lotteries

- achieves Vfill = 5/8

- CEEI (Hylland and Zeckhauser
(1979))

- achieves Vfill = 11/16
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Preview of Results

What is the optimal mechanism?

- Under a general condition on F , common lotteries are optimal

- Under this condition, straightforward to characterize the optimal mechanism.

- Otherwise, the optimal mech. may screen agents with a menu of lotteries.
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Direct Mechanisms
Let a(xk; θi) be the probability xk is offered to θi.

- Utility of type θi when reporting θj :

U(θj , θi) = θi +
N−1∑
k=i

(xk − θi)a(xk; θj).

- Total probability that θi accepts an offer:

P (θi) =
N−1∑
k=i

a(xk; θi).

- Mass of agents accepting position xk:

sk(a) = D
k∑

i=0
a(xk; θi)f(θi).
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Designer’s Problem

max
a:Θ→∆(X∪{∅})

V (s(a)),

s.t. U(θi, θi) ≥ U(θj , θi), ∀i, j (ICi,j)

sk(a) ≤ g(xk), ∀k (Position-Feasibility)

P (θi) ≤ 1, ∀i (Agent-Feasibility)

- a is feasible if it satisfies all the constraints above.

- a is optimal if it is feasible and solves the designer’s problem.
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Common Lotteries Common Lotteries Equivalent Representation

Definition (Common Lottery)

Direct mech. a is a common lottery if there exists ã ∈ ∆(X ∪ {∅}) with

a(xk; θi) =

ã(xk), θi ≤ xk

0, θi > xk.
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Results
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Result I: When Common Lotteries Are Enough

Theorem 1 (Sufficiency of Common Lotteries)

Suppose 1/F is convex on Θ. Then any feasible direct mechanism a
can be replaced by a feasible common lottery ã with s(ã) = s(a),
which therefore attains the same objective value V .

- Screening agents with a menu of lotteries does not benefit the designer.
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Suppose 1/F is convex on Θ. Then any feasible direct mechanism a
can be replaced by a feasible common lottery ã with s(ã) = s(a),
which therefore attains the same objective value V .

- Continuous analogue: increasing virtual cost (procurement regularity).
When Is 1/F Convex?

- Sufficient for 1/F convex: f log-concave, f/F decreasing, f decreasing

- Satisfied by uniform, exponential, Weibull, Fréchet, Pareto, normal, lognormal
distributions . . .
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Result II: When Screening May Be Necessary

Theorem 2 (Partial Converse)

Suppose 1/F is not convex on Θ and g has full support. If V is strictly
increasing, there exists D such that no common lottery is optimal.

- Optimal mechanism may require screening agents with a menu of lotteries.

16 / 22



Result II: When Screening May Be Necessary

Theorem 2 (Partial Converse)

Suppose 1/F is not convex on Θ and g has full support. If V is strictly
increasing, there exists D such that no common lottery is optimal.

- Optimal mechanism may require screening agents with a menu of lotteries.

16 / 22



Example: A Binary Menu Can Be Optimal
D = 1, X = {0, 1, 2}, objective Vfill. Positions distributed uniformly.
Type distribution: f(θ0) = 1

3 , f(θ1) = 1
12 , f(θ2) = 7

12 .
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(b) Binary-Menu Screening Mechanism

Common lottery fills 11
18 of positions; binary menu fills 2

3 > 11
18 of positions.
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Sufficiency of Common Lotteries: Proof Sketch Alternative Proof

- Start with a feasible mechanism a.

- Construct common allocation â(xk; θi) := 1θi≤xk
· sk(a)

D·F (xk) ; show it is feasible.

- By construction, position-feasible ✓
- By construction, preserves objective ✓
- By construction, incentive-compatible ✓
- Agent-feasibility ? Only need to check P̂ (θ0).
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Agent-feasibility at the Lowest Type Alternative Proof

- In the initial feasible mechanism, ICi,j := U(θi, θi) − U(θj , θi) ≥ 0.
Decompose assignment probability of θ0:

P (θ0) = P̂ (θ0)

︸ ︷︷ ︸
common-allocation

term

+

N−1∑
i=0

λi,i+1 · ICi,i+1 +
N−1∑
i=1

i−1∑
j=0

λi,j · ICi,j


︸ ︷︷ ︸

screening wedge

.

- local upward and global downward ICs are non-redundant; Local IC insufficient

- λi,j converts ICi,j slack into θ0-assignment probability.

- Construct weights λ

- All weights are weakly positive exactly when 1/F is convex.

- Thus, P̂ (θ0) ≤ P (θ0) ≤ 1 ✓

19 / 22



Agent-feasibility at the Lowest Type Alternative Proof

- In the initial feasible mechanism, ICi,j := U(θi, θi) − U(θj , θi) ≥ 0.
Decompose assignment probability of θ0:

P (θ0) = P̂ (θ0)

︸ ︷︷ ︸
common-allocation

term

+

N−1∑
i=0

λi,i+1 · ICi,i+1 +
N−1∑
i=1

i−1∑
j=0

λi,j · ICi,j


︸ ︷︷ ︸

screening wedge

.

- local upward and global downward ICs are non-redundant; Local IC insufficient

- λi,j converts ICi,j slack into θ0-assignment probability.

- Construct weights λ

- All weights are weakly positive exactly when 1/F is convex.

- Thus, P̂ (θ0) ≤ P (θ0) ≤ 1 ✓

19 / 22



Agent-feasibility at the Lowest Type Alternative Proof

- In the initial feasible mechanism, ICi,j := U(θi, θi) − U(θj , θi) ≥ 0.
Decompose assignment probability of θ0:

P (θ0) = P̂ (θ0)

︸ ︷︷ ︸
common-allocation

term

+

N−1∑
i=0

λi,i+1 · ICi,i+1 +
N−1∑
i=1

i−1∑
j=0

λi,j · ICi,j


︸ ︷︷ ︸

screening wedge

.

- local upward and global downward ICs are non-redundant; Local IC insufficient

- λi,j converts ICi,j slack into θ0-assignment probability.

- Construct weights λ

- All weights are weakly positive exactly when 1/F is convex.

- Thus, P̂ (θ0) ≤ P (θ0) ≤ 1 ✓

19 / 22



Agent-feasibility at the Lowest Type Alternative Proof

- In the initial feasible mechanism, ICi,j := U(θi, θi) − U(θj , θi) ≥ 0.
Decompose assignment probability of θ0:

P (θ0) = P̂ (θ0)

︸ ︷︷ ︸
common-allocation

term

+

N−1∑
i=0

λi,i+1 · ICi,i+1 +
N−1∑
i=1

i−1∑
j=0

λi,j · ICi,j


︸ ︷︷ ︸

screening wedge

.

- local upward and global downward ICs are non-redundant; Local IC insufficient

- λi,j converts ICi,j slack into θ0-assignment probability.

- Construct weights λ

- All weights are weakly positive exactly when 1/F is convex.

- Thus, P̂ (θ0) ≤ P (θ0) ≤ 1 ✓

19 / 22



Agent-feasibility at the Lowest Type Alternative Proof

- In the initial feasible mechanism, ICi,j := U(θi, θi) − U(θj , θi) ≥ 0.
Decompose assignment probability of θ0:

P (θ0) = P̂ (θ0)

︸ ︷︷ ︸
common-allocation

term

+

N−1∑
i=0

λi,i+1 · ICi,i+1 +
N−1∑
i=1

i−1∑
j=0

λi,j · ICi,j


︸ ︷︷ ︸

screening wedge

.

- local upward and global downward ICs are non-redundant; Local IC insufficient

- λi,j converts ICi,j slack into θ0-assignment probability.

- Construct weights λ

- All weights are weakly positive exactly when 1/F is convex.

- Thus, P̂ (θ0) ≤ P (θ0) ≤ 1 ✓
19 / 22



Partial Converse: Proof Sketch Detail

Suppose 1/F is not convex at xk.

- Start with the best common lottery yielding
s.

- Step 1: mean-preserving spread of s to
obtain s′.

- Step 2: Mean-preserving contraction for low
type θi.

- Maintains IC and allocates s with slack.

θ

x

θi θk

xk
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Optimal Common Lotteries Example: Optimum for Vfill

- Theorem 1 reduces the designer’s problem to a consumer choice problem.

- To fill mass sk in position xk: offer position xk to sk
F (xk) of agents.

- 1/F (xk) acts as a “price” of filling position xk.

- Designer has a “budget” of agents with mass D.

Corollary (Consumer Problem)

If 1/F is convex on Θ, then the designer’s problem solves

max
sk≤g(xk)

V (s) s.t.
N−1∑
k=0

1
F (xk)sk ≤ D.
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Conclusion
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Conclusion

- A designer assigning agents to positions may have quantity objectives.
How should she optimally assign agents?

- Under a general convexity condition, we show common lotteries are optimal.

- Common lotteries are straightforward to implement and optimize.

- Otherwise, designer may optimally screen agents with a menu of lotteries.
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Peace Corps Application Back: Motivation
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Peace Corps Matching Back: Motivation
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Peace Corps: Outside Options

“In the early days when Peace Corps began, it really was the only opportunity for
people who wanted to work or live overseas. ... Our applicants have lots of
choices now.”
- Carrie Hessler-Radelet, PC Director (“Peace Corps Makes Big Changes”, NPR)

“Part of the reason for the application system overhaul is so people can receive
invitations to places they want to serve for a full 27 months. It’s not talked about
a lot, but many people end up turning down their invitations or taking
advantage of a grad school/job offer if their invitation isn’t as exciting
as they’d desired. Peace Corps realizes that it is also competing to recruit and
keep the best candidates as much as applicants are competing for Peace Corps.”
- Reddit, Returned Peace Corps Volunteer

Back: Motivation

3 / 17

https://www.npr.org/sections/thetwo-way/2014/07/15/331712402/in-response-to-dwindling-applications-peace-corps-makes-big-changes
https://www.reddit.com/r/peacecorps/comments/2f26xg/putting_willing_to_serve_where_needed/


Peace Corps: Heterogeneous Positions

Reddit, Former Peace Corps Recruiter

Back: Motivation

4 / 17

https://www.reddit.com/r/peacecorps/comments/rnqpz6/what_are_the_more_difficult_countries_to_be/


Peace Corps Stipend

Peace Corps Blog: How Much are Peace Corps Volunteers Paid?

Back: Motivation

5 / 17

https://www.peacecorps.gov/connect/blog/how-much-are-peace-corps-volunteers-paid/


Common Lotteries Equivalent Representation Back: Common Lotteries

- Any common lottery a(·; ·) has an outcome equivalent direct mechanism ã(·; ·):

ã(xk; θi) =

a(xk; θi), θi ≤ xk

0, θi > xk

.

θ

x
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x0

θ1

x1

θ2

x2

θ3

x3

θ

x

θ0

x0

θ1

x1

θ2

x2

θ3

x3

Equivalent

- We will use the second representation in the proofs.
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Partial Converse: Proof Back: Partial Converse Proof Sketch

Suppose 1/F is not convex at xk:

- Start with the best common lottery yielding
s.

- Must offer position k to mass sk
F (θk) of agents.

- Total mass of agents offered:

D =
N−1∑
k=0

sk

F (θk)

- Can we reduce the mass of agents required to
obtain s?

θ

x

θk

xk
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Partial Converse: Proof Back: Partial Converse Proof Sketch

- Total mass of agents required:
∑N−1

k=0
sk

F (θk)

- Step 1: mean-preserving spread of s to
obtain s′.

- Because 1/F is locally concave, s′ uses fewer
applicants.

θ

x

xk
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Partial Converse: Proof Back: Partial Converse Proof Sketch

- Reduces agents needed, but results in
different allocation s′. How to restore s?

- Step 2: Mean-preserving contraction for low
type θi.

- Critically: maintains IC. Withdrawal rights
only makes riskier gambles more appealing.

- We now have allocated s with slack; can do
strictly better than V (s). θ

x

θi

xk
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Optimal Common Lotteries for Vfill Back: Optimal Common Lotteries

- Marginal utility of filling each position is equal.

- Price of positions 1/F (xk) decreases with xk.

- Designer fills positions from highest to lowest until agent mass D is exhausted.

Optimal Mechanism for Vfill

Suppose 1/F is convex. Let qk := 1
D

g(xk)
F (xk) , and

Qk := min
{

1,
∑N−1

k′=k+1 qk′

}
. An optimal direct mechanism a for

designer objective Vfill satisfies

a(xk; θi) =

min {qk, 1 − Qk} if θi ≤ xk

0 if θi > xk.
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When Is 1/F Convex? Back: Main Result

- Continuous analogue: procurement regularity, c + F (c)
f(c) increasing.

- Sufficient for 1/F convex: f log-concave, f/F decreasing, f decreasing

- Satisfied by uniform, exponential, Weibull, Fréchet, Pareto, normal, lognormal
distributions . . .
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Technical Results

Proposition (Monotonicity)

In a feasible mechanism, P (θi) is non-increasing.

- Agents with lower-quality outside options must be allocated with a higher
probability.
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Technical Results Back: Main Proof Sketch

Do monotonicity and local IC’s guarantee global
IC’s?

- Only upward global IC’s are guaranteed.

- Suppose D = 1, N = 4, and uniform
distributions for x and θ.

- All the local IC’s hold.

- But IC20 fails. θ

x

θ0 θ1 θ2 θ3

x0

x1

x2

x3 0

0

0.2

0

0.3

0.2

0

0.1

0.1

0.3

IC20
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Main Result: Duality Proof
Equalization feasible if a common lottery solves the following auxiliary problem for
all feasible s:

min
D∈R+, a:Θ→∆(X∪{∅})

D

subject to constraints:
N−1∑
k=i

(xk − θi) a(xk; θi)≥
N−1∑
k=i

(xk − θi) a(xk; θj), ∀i, j (ICi,j)

D
k∑

i=0
a(xk; θi)f(θi)= sk, ∀k (Position-Target)

N−1∑
k=0

a(xk; θi)≤ 1, ∀i (Agent-Feasibility)

- Shadow prices λICi,j constructed by reversing the perturbation in our proof of
the partial converse. Back: Main Proof Sketch
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