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Abstract

Many organizations are attempting to implement flexible work plans which allow employees
to work from home. This paper is an initial attempt to formulate an applied theoretical model
of the economic costs and benefits of mixing a worker’s time between the office and home in
situations where only total output from the office and home is observable, but efforts at home or
in the office may be unobservable. We analyze the first best solution where efforts are observable
and compare this to three second best contracting solutions. The solutions differ depending on
the ability of the principal to observe effort in the office versus home and on whether the principal
or the agent chooses the time allocation between work and home.

JEL Code: 120, L21.

Key Words:Work from Home or Office

*The author gives special thanks Odilon Camara for useful advice. Very useful comments and suggestions were
provided by the editor and anonymous referees. Thanks also go to the Marshall School of Business for generous
research support.



1. Introduction

In the 2025-26 period, fully 25% of paid workdays in the US were work from home. This is more than
three times the share of work from home days in 2019." After the pandemic forced remote work,
workers have grown to expect this option in many occupations, and organizations have become
more interested in accommodating this desire with more flexible work alternatives.?

While there are many empirical studies discussing various aspects of the work from home or
office alteratives, what is missing in the economics literature is an applied theoretical analysis of
the cost and benefit trade-off involved in mixing a worker’s time between the home and the office
within a single firm, in the context of a moral hazard agency setting, where effort at home or at the
office is unobservable, but only total output is observable and contractible.? Our initial goal is to
characterize the first best allocation of efforts and time allocation between office and home where
all efforts are observable and a planner maximizes total surplus. Next, we wish to characterize a
series of second best contracting solutions and compare these to the social optimum benchmark.
First, we consider the case where the firm maximizes profit through the choice of a contract defined
on total cash flow and a home-office time allocation, in a setting where efforts in each location
are unobservable. Second, we alter the full second best contracting problem by looking at the
case where efforts are unobservable by the principal, but the agent is given the freedom to choose
the time allocation between home and office. Third, we examine the contracting problem where
the principal sets the time allocation and can observe effort at the office, but effort at home is

unobservable. This paper represents an initial attempt at such an analysis.

We model an organization with a principal and an agent. The agent faces different cash flow

'See Barrero et al. (2023). See Buckman et al. (2025) for 2025 data. See DailyRemote (2026) for 2026 data.

?See Smite (2023) and Barrero et al. (2021). See also Mckinsey & Company (2022) and Semuels (2023).
3That is, it is not possible to separate cash flow into that coming from home and that coming from the office in
hybrid situations.



production processes depending on whether work is done from home or from the office. Work from
the office involves greater effort cost than work from home, but this extra cost is countered by
an additional productivity benefit of office work generated by random beneficial externalities as a
result of an agent working with others. Another difference between the two work environments
is the fact that the organization incurs greater overhead costs when the worker is located at the
office. Thus, work at the office generates greater effort and overhead costs, but it can also lead to
probabilistic productivity gains above those at home. These are the basic trade-offs. The model
considers a risk neutral agent with limited liability, a risk neutral principal, and a fixed work period
to be allocated between the office and home.

Given the above trade-offs, we initially examine the first best allocation of efforts to home and
office and the mix of time for the two locations. At the first best, effort allocations maximize the
surplus of cash flow over effort cost in each location. The first best share of the total work period
devoted to the office defines the time allocation mix, given a fixed work period. If this mix is in
the unit interval, then we have a hybrid solution, where some work is done from home and some is
done from the office. The first best share allocated to the office at such a hybrid solution equates
the difference between the effort surplus at the office minus that of home to the difference between
the marginal overhead cost at the office less that of the home. We analyze this equilibrium and
outline the conditions under which work should be done predominately from the office or home.
In addition, we characterize the corner solutions where all work should be done in one location or
another. The optimal mix minimizes total overhead cost, only if the effort surpluses from home
and office are equal and this equality implies a hybrid equilibrium in which less than 50% of work
time is spent at the office.? We examine the comparative statics of the first best.

After characterizing the benchmark first best, we consider second best solutions which differ

1This result is due to the fact that the office environment is more expensive to outfit than that of the home.



depending whether the principal can observe effort in the office or home and on whether or not
the principal delegates the choice of the time mix between the office and home. We begin with
the full second best where efforts at home and at the office cannot be observed by the principal
and the principal sets the office/home time allocation. It is further assumed that the principal can
only contract on the total cash flow from the two locations. We characterize the optimal agency
contract and, at the contract, the optimal effort levels and time allocation at each location. As is
typical, second best efforts in both locations are under supplied relative to the first best. However,
our formal model uncovers the interesting prediction that optimal share of office work can be under
or oversupplied. The first best marginal benefit of office allocation is the effort surplus difference
between the office and home, which is a constant function of the percentage of office allocation,
whereas the principal’s second best marginal benefit of office allocation is the endogenous retained
revenue difference between the office and home, which is nonincreasing function of the percentage
of office allocation. The first and second best marginal costs of office allocation are the same
increasing function defined on the percentage of office allocation. When the first best marginal
benefit of office allocation is positive and larger than the highest of second best marginal benefits
of office allocation, we get under supply of office time at the second best. If the first best marginal
benefit of office allocation is negative and small in absolute value relative to the smallest of the
second best marginal benefits of office allocation, then we get over supply of office time at the
second best.

The comparative static analysis of the second best uncovers some interesting new predictions.
If the cost differential of the allocation to the office over the home falls, as it would as firms move to
more open office space, then this would decrease the percentage of work from home. This process
has recently played out at major technology firms such as Amazon and Google. If the same cost

differential were to increase, as it would with technological progress in remote conferencing, then this



would lead to a greater percentage of work from home. We saw this effect play out after the recent
pandemic. Our new formal analysis also uncovers the result that the length of the work period and
the optimal allocation of time to the office move in the same (opposite) direction(s) if the marginal
overhead cost of home allocation is rising faster (slower) than the marginal overhead cost of office
allocation and the work period is weighted more towards the home (office). This comparative static
holds at both the first and second best solutions. It tells us that recent attempts to shorten the
work week could, for example, lead to unintended consequences and raise or lower the percentage
allocation of time to the office depending on the relative rates of change of home versus office
marginal allocation cost.’

Next, we consider a special case of the second best solution where the agent, as opposed to the
principal, selects the optimal mix of time between the office and home. We show that this leads to
a corner solution, because the agent does not internalize the overhead costs of the allocation. An
agent with a lower marginal effort cost at home relative to that agent’s effective marginal cost of
effort in the office (office effort cost deflated by beneficial externalities at the office) would tend to
choose to work from home (e.g., women who are homemakers). We see this implication empirically
as a greater percentage of homemakers have, when given the choice, chosen to primarily work form
home.> We show that the full second best can be achieved in this case through a tax/subsidy
scheme which makes the agent internalize overhead costs. We also show that by giving the agent
this greater freedom of choice, the agent is at least as well off and the principal is at most as well
off, while total welfare can rise or fall, all relative to the full second best solution.

The final second best solution considered is that where the principal chooses the time alloca-

tion, the principal cannot observe effort at home, but can observe effort at the office. Again, we

>For example, Senator Bernie Sanders has introduced the "Thirty-Two Hour Workweek Act," proposed legislation.
See Comcepcion and V. Ebner (2024).
5Max and Pallais (2017) and Aron-Dine et al. (2025), discussed in the next section, document this point.



characterize the modified optimal contract, efforts and time allocation. This second best solution
tends to push the principal towards more office time where effort can be observed. This result could
be a reason for recent calls by firms to have employees work more from the office.” We also show
that relative to the full second best, the principal is at least as well off, but total welfare can rise
or fall when the principal can observe only effort at the office.

We formulate an example to illustrate the first and the various second best solutions in a final
section of the paper. Employing the classic case of a general power function for the cash flow
process and a quadratic overhead cost function, we compute closed form solutions for each of the
equilibria considered above. A key result is that the full second best, where all effort is unobservable,
generates under allocation of time to the office if the office is more efficient than the home and over
allocation of office time if the home is more efficient than the office. By more or less efficient at
home we mean that effort cost in the home is less than or greater than a threshold value which
is less than the effective effort cost in the office. This points out that, the moral hazard problem
can result in the firm pushing, for example, for more office time than socially optimal when work
at home becomes more efficient say due to new technologies. This is an interesting and counter
intuitive prediction. The example also points out that when effort in the office can be observed but
that effort at home cannot be observed, the second best solution over supplies time at the office
relative to both the first best and the second best where all efforts are unobservable. Our model
then predicts that asymmetric observability and moral hazard encourage firms to call for a return
to the office. Finally, we show in this example that the agent loses relative to the full second best
when the principal can observe only office effort.

Section 2 discusses related literature. Section 3 presents the model, and Section 4 characterizes

the first best. Section 5 considers the series of second best solutions, and Section 6 examines the

"See Microsoft (2022).



power function/quadratic cost example. Section 7 concludes.

2. Key Connections to Existing Literature

Our model employs a risk neutral principal and a risk neutral agent with limited liability, hidden
action, and the option for the agent to supply two types of unobservable effort (home versus
office). Our risk neutral setting along with limited liability is utilized by many earlier foundational
papers. Two key examples include Innes (1990) in his analysis of financial contracts subject to
limited liability between a risk neutral entrepreneur and a risk neutral investor and Kim (1997)
who studies a general contracting problem with risk neutrality of a principal and an agent, where
the agent has limited liability. Innes finds that debt contracts are optimal in his financial analysis,
and Kim shows that bonus contracts are optimal in his general contracting setting.

There are numerous empirical papers documenting the effects of work from home on productiv-
ity, pay and innovation. The results are mixed and, as one would guess, dependent on the worker’s
tasks. These are reviewed quite nicely in Barrero et al. (2023). One of the key assumptions of our
model is that the worker’s effort cost is less at home than it is at the office. Empirical evidence back
up this assumption at least for certain jobs, because workers have been willing to accept a drop
in pay in return for working at home. Max and Pallais (2017) show that workers at a call center
are willing to give up an average of 8% of pay for working at home and that women (especially
with young children) are willing to give up even more. Barrero et al. (2021) find a similar effect.
Another key assumption is that our agent can be more productive at the office due to stochastic
positive coordination effects of working with others. Empirical studies by Gibbs et al. (2023) doc-
uments productivity declines for IT professionals working at home due to a lack of coordination.

Yang et al. (2022) find similar collaboration costs of remote work at Microsoft.® Emanuel and Har-

8Studies have also found positive productivity effects of working from home depending on the task. See Bloom et
al. (2015).



rington (2024) also find a small negative productivity effect of working from home. A field study
by Aksoy et al. (2026) documents that when otherwise remote employees all work together one
day per month, productivity rises, communication networks are strengthened and attrition is re-
duced. These studies support our assumption that in office coordination can increase productivity.
Dutcher (2012) finds that relative productivity at home versus the office depends on the task with
routine tasks exhibiting lower productivity at home while creative tasks exhibiting the opposite.
These results support our assumption that cash flow production differs depending on location. We
also assume that the firm incurs greater costs for allocating an employee to the office as opposed
to allocating an employee to the home. We model office versus home allocation costs as a function
of the time that the worker spends working at each location. That is, such costs are fixed with
respect to the level of effort at a specific location. Data provided by Global Workplace Analytics
(2026) supports this assumption, where the savings for home work allocation is estimated at over
$10,000 per employee on average for just 50% of time spent at home. Our analysis of the second
best solution, where the employee is given the home versus office allocational choice, predicts that
those with very low effort cost at home as compared to the effective effort cost at the office will
choose to work from home. Max and Pallais (2017) and Aron-Dine et al. (2025) document that
women, who satisfy this cost differential, are in fact more likely to choose work from home. Bloom
et al. (2015) and Microsoft (2022) motivate our analysis of the second best case where the firm
chooses more office allocation, because it believes it can better monitor workers at home. In Bloom
et al., they note that Ctrip executives were worried that many employees might shirk if given the
opportunity to work from home, implying that they could better monitor in the office. Similarly in
Microsoft’s 2022 report, 85% of leaders state that the shift to hybrid work has made it difficult to
have confidence that employees are being productive, due to missing visual clues which are gleaned

by walking down the hall or past the conference room. The notion that the firm optimally over-



supplies at the office due to asymmetric observability also relates to the Holmstrom and Milgrom
(1991) multi-task framework. Return to the office can be interpreted through Holmstrom-Milgrom
as a job design response to limited observability, where firms push workers from home into offices
to improve measurement of effort and reduce multitasking distortions.”

Finally, there is also a less related macroeconomic literature which studies the effects of the

increased use of work from home on productivity and city structure. Examples include Davis et al.

(2024), Monte et al. (2023), Sedlacek and Shi (2024), and Delventhal et al. (2022).

3. The Model

A firm hires an agent who can work from home or from the office. The agent exerts effort to produce
cash flow from either location. Total time to be allocated between the two locations is limited and
given by T. Let a denote the fraction of time spent at the office, so that o1 is total time spent
working in the office, and (1 — )T is total time spent working from home.

The individual has the same basic productivity of effort regardless of location, as this is internal
to the agent. However, we assume that if the agent works from the office, then there can be
additional cash flow caused by the fact that the agent, the agent’s colleagues, and the principal are
in close proximity to one another. Side by side work can spark a chance that the agent will learn
something new from those at the office, and this new idea can lead to extra expected cash flow over
and above the amount generated at home. Net of noise, cash flows from the office and home are as
in the following. Expected cash flow from the office is given by oT'(6g + (1 — q)1) f(z,), where z,
is effort allocated to the office at one point in time. Cash flow from home is (1 — )T f(zp), where
xy, is effort allocated to the home at one point in time. Expected cash flow from the office has the

added beneficial externality term (gf + (1 — ¢)1) = > 1, where ¢ € (0,1) is the probability that

In firms, the move to the office makes behaviors that were previously unobservable (showing up on time, visible
collaboration, responsiveness, engagement) become observable.



office cash flow will be augmented by 6 > 1. The firm’s observable total cash flow from the office
and home is given by

aTof(x,) + (1 —a)T f(xp) + v,

where v is a random noise term with zero expectation.

The function f satisfies the following properties.

A1 f(0) =0, f(oo) =00, f >0, f" <0, f/(0) =00, and f'(c0) = 0.

Effort has positive and diminishing marginal productivity in producing cash, with zero cash flow
produced by zero effort. Further, f satisfies Inada conditions.

If the agent works from home, effort cost is wy, per unit of effort, while working from the office
generates effort cost of w, per unit of effort. Thus, the cost of effort per unit time at the office
is woT,, and total effort cost at the office is aTw,z,. Likewise, the cost of effort per unit time at
home is wpxzp, and total cost of effort from home is (1 — «)Twpxy. Because working from home
offers more flexibility, no commute, more comfort and reduced distractions, we assume that it has
lower marginal effort cost, w, > wy. A discrete example of this process would be the case where z;
is effort per day and df(z,) or f(xp) is cash flow per day, with w; representing effort cost per day,
1 = 0, h. The constant T" might be a 5-7 day work period.

When the agent works either from the office or from home, the firm incurs complementary capital
costs. At the office, this can include office space, utilities, janitorial services, general maintenance,
and other overhead items. If the agent works from home, such resources are minimal, but could
include monthly internet fees, computer and other hardware equipment, and office furniture. Such
costs are largely independent of or fixed with respect to effort and instead a function of the time
spent at either location. As the firm expands an agent’s time in a particular location it is likely
that the agent takes on a greater number of tasks in that location and as tasks multiply so does the

amount, complexity, and cost of complementary capital. The infrastructure required for an agent
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scales significantly with their location. An increase in the days spent doing work from home requires
a transition from a simple laptop used at the kitchen table to a comprehensive suite of ergonomic
furniture, docking stations, dual monitors, and professional communication gear. Likewise, as an
agent’s presence at the office increases, the firm incurs substantial overhead; the company must
fund dedicated workspace, climate control, hardware, and on-site amenities like food services.
Fundamentally, whether remote or in-office, expanding work hours drives a parallel increase in the
complexity and cost of the necessary support systems. To model these costs, we assume that the
cost borne by the firm by allocating time at the office is given by kec(aT') and the cost to the firm
of allocating time at home is ¢((1 —«)T'), where k£ > 1. The function c satisfies the following typical
properties

A2d,d" >0, for oT or (1 —a)T > 0,d(0) =0 and ¢(0) = 0.
Increasing time spent at the office or at home generates positive and increasing marginal cost of
supplying complementary resources. Both total and marginal costs of supplying workers at the
office are greater than those of supplying workers at home, for the same time allocation. This cost
difference is parameterized by the constant k.

The principal and the agent are risk neutral, with the agent subject to limited liability in the
sense that any possible payments made to the agent must be nonnegative. The agent’s outside

option is assumed to be zero.

4. The First Best

The first best is a benchmark allocation where the social planner chooses the agent’s observable
efforts and allocates time between the office and home so as to maximize total surplus, while

paying the agent his effort cost. The planner’s problem is to maximize expected total surplus over
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a selection of (z,, zp, @),

max aT(0f(zo) — woxo) + (1 — @)T(f(xp) — wpzp) + E(v) — ke(aT) — ¢((1 — a)T). (1)

{mo ,$h,a}

subject to o, z; 2 0 and a < 1, with E(v) = 0. In what follows, let an F' superscript denote a first
best value of a variable.

The Appendix outlines the first and second order conditions for an interior solution to (1). The
latter are met under A.1 and A.2. Define g = flfl(-) as the inverse marginal cash flow function or

the effort "supply" as a function of effort cost, and define the positive effort surpluses

Eo(x0) = 6f(20) — oo > 0, Ep(xy) = f(xn) — wpwy, > 0.10

Write the difference AE(z,,xp) = E, — Ej and define

MCy(a) = kd(aT) — (1 —a)T)

as the marginal cost of office allocation.

Efforts at the office and at home at a social optimum satisfy

zl = g(w,/6) and zf = g(wy), (2)

where the ratio w,/d is the effective effort cost at the office, and wy is home effort cost. The
function g is strictly decreasing in its argument. Thus,

F
o

x zx,}; as wo/ééwh. (3)

""This is true because f(0) =0, f > 0 and f” <0 imply that f(z) — f'(z)z > 0, for all z > 0.
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The marginal cost of effort at the office is greater than the marginal cost of effort at home, but,
when lessened by the expected beneficial externalities at the office, the effective marginal cost of
effort at the office can be less or greater than the marginal cost of effort at home. If the effective
marginal cost of effort at the office is less than the marginal cost of effort at home, then more effort
will be supplied at the office and conversely.

The optimal allocation of time to the office (and home) is characterized as

AE(zl 2l = MCy(h). (4)

Note that M C,, is strictly increasing, MC!, = Tkd'(aT) + T (1 — a)T), MC,(0) = =/ (T) < 0,
and MCy (1) = kd(T). At an interior solution, the marginal benefit of « (allocation to the office)
on the left side of (4) should equal its marginal cost on the right side of (4). Note that the marginal
benefit function AFE(x,,xp) is independent of «.

Lemma 1 orders effort surpluses at the first best depending on the relative costs of effort at
home versus the office. All proofs are provided in the Appendix.

Lemma 1. Let A.1-A.2 hold. There exists a finite wy, € (0,w,/0) such that wy,

AV

wy, 1mplies

If the cost of effort at home is greater than a threshold value, w;, which is less than the effective
cost of effort in the office, then the effort surplus at the office is greater than that at home and
conversely.

Conditions (2) and (4) assume that the solutions in efforts and time allocation are interior. It
is of interest to analyze corner solutions and the conditions under which the time allocation would
be primarily at the office or primarily at home. The following proposition summarizes all of these

possible solutions in « at the first best, depending on parameters.
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Proposition 1. Let A.1-A.2 hold. The first best allocation of time between the office and home
1s described as follows.

(i) o € (0,1), if AE(zL,2l) € (—d(T),kd(T)) = (MCa(0), MCy(1)) and of” = 0.5, if

AV

AE(zf,2f)) Z (k- 1) (5T).

(it) oF =1, if AE(zl, 2f) = kd (T) = MCq(1).

(iii) of =0, if AE(xf,2f) £ = (T) = MCy(0).

If the marginal benefit of a (a constant function of «) is between the two bounds MC,(0) and
MC,(1), we have an interior or hybrid solution in o with some work being done at each location.
The function MC, is equal to zero at the level of & implicitly defined by k& = ﬂc%l > 1,
so that & < 0.5, by virtue of the assumption that k& > 1. At &, the u-shaped total cost of «,
TCy(a) = ke(aT) +¢((1 — «)T'), is minimized, and this occurs if less than half of the time is spent
at the office. For the cost minimal & to be optimal, it is necessary that the two effort surpluses at
home and the office be equal, AE(zf ,:Lf ) = 0, so that wy, = wp. Because marginal cost of time
allocation is increasing at either location, there are total cost savings by mixing time between the
two locations. That is, hybrid solutions save money for the firm.

The value of the function MC, at o = 1/2 is MC,(1/2) = (k — 1)d(.5T) > 0, so that for
half time office work to be optimal, the effort surplus at the office must be greater than that at
home. A majority of time should be spent at the office, if the marginal benefit of office allocation
is greater than MC,(1/2) = (k — 1)c/(.5T'), where the difference (k — 1) measures the extent to
which office marginal cost is above home marginal cost of time allocation. A necessary condition
for this case is that AE(zf’, 2f") > 0. For this to be true, it suffices that the effective cost of effort
at home is greater than wy, € (0,w,/d). The threshold for AE(z!", zf') > 0, which guarantees the
predominance of office work, is greater the greater is the cost differential (k — 1), and the marginal

benefit AE(z],2l') is greater the greater is the difference between the marginal cost of effort at
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home and the threshold wy. A majority of time should be spent at home, if the marginal benefit
of a is below MC,(.5) = (k — 1)d(.5T). Note that because k > 1, there is a range of positive
AE(zL, 2l € (0, (k — 1)¢(.5T)) for which a predominance of work should be done from home.
Corner solutions are characterized in Proposition 1 (ii) and (iii). A firm should have exclusive
office work when effort surplus there minus that of the home exceeds the marginal cost of com-
plementary capital when all work is done from the office. All work should be done at home if
the marginal benefit of office allocation is less than the marginal cost of allocating all work from
home. Alternatively, all work should be done from the home, if the marginal benefit of home allo-
cation, effort surplus there minus that of the office, is greater than its maximum marginal cost of

complementary capital,

—AB(z],a}) Z —MCa(0) = MC(_q)(1) = ¢(T),

where

—MCo(a) = MCu_oy(1—a)=((1-a)T)—kd((1—-(1—-a))T)

= d((1-a)T)—kd(al).

For corner solutions to be optimal, it requires large surplus differences between home and office,
given the overhead cost differential k. We observe many hybrid allocations in the real world, so
that it is likely that these large surplus differentials are not present in these situations. Choudhury
et al. (2022) show in a field experiment that hybrid work led to higher performance ratings of
workers from managers.

A numerical example of the first best is where f = x3/2,2' =0,h,,c=0.2(:)2/2,w, = 0.25,0 =

1.5, wy, = 0.15,T = 5, and k = 1.1. For this example, MC, = =5+ (11.5)a, AE(zL', 21") = 1.4583,
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and of" = 0.615.

The comparative statics of the first best solution are straightforward. The derivations are
presented in the Appendix. Increases in the cost of an effort have negative direct effects and zero
cross effects on efforts. A rise in office (home) effort cost has a negative effect on time allocation to
the office (home) and conversely, but it does not affect effort at home (the office). Greater beneficial
externalities increase office effort and time allocated to the office but do not affect home effort. A
greater (lesser) difference between the cost of time allocation to the office and time allocation to the
home, k, does not affect efforts in either location but it does decrease (increase) time allocation to
the office and therefore increases (decreases) time allocation to the home. For example, decreases
in this difference would be an implication of increasing the use of open versus private office space.
Thus, at the first best, we predict a greater office time share with the use of more open office
arrangements.

An interesting comparative static centers on the question of whether a longer work period might

lead to more or less time optimally spent at the office. We can show that

sign[0a/OT) = sign[—OMC, /OT] = sign[(1 — )’ (1 — a)T) — akd”(aT)]].

This effect carries the sign of —9MC,/OT which is minus one times the effect of a change in T
on the marginal cost of . If greater T raises (lowers) the marginal cost of «, then a longer work
period lowers (raises) time spent at the office and a shorter work period raises the time spent at

the office. The expression

OMC, /0T = akd"(aT) — (1 —a)d"(1 — a)T)

is, for example, more likely to be positive if the marginal overhead cost at the office is rising faster
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than the marginal overhead cost at home and the current allocation is weighted more towards office
work. It is negative if the converse set of properties hold. At the first best, current calls to shorten
the work week would raise the optimal time at the office if 9MC, /0T is positive and lower it if

OMC,, /0T is negative.!!

5. The Agent’s and the Principal’s Problems at Second Best Situations

5.1. The Principal Cannot Observe Effort in Either Location

In this section, we assume that the principal cannot directly contract on the agent’s effort, because
effort is not observable (and in fact not verifiable) in the office and at home. Total revenue is ob-
servable, but subject to randomness, such that the principal cannot determine effort. The contract
specified by the principal will consist of a possible flat salary S = 0, a percent of observed total
cash flow, b 2 0, and a time allocation «. Note that we assume that the principal cannot contract
on the separate cash flows from home and the office, because this would be difficult to verify in
situations where the agent is working from both locations. How will the principal’s inability to
contract directly on effort or separate cash flows affect the allocation of efforts and time between
office and home locations?

The principal’s contract consists of the specification of the triple (S, b, a). We begin with the

agent’s problem. The agent’s objective function is

S+b[aTdf(zo) + (1 —a)T(f(zp) + E(v)] — aTwez, — (1 — @) Twpzh, (5)

"See Conceptcion and Ebner (2024) for a discussion of proposals to shorten the work week.
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where E(v) = 0. The FOC for the optimal choice of efforts are
aTbs f'(z,) — aTw, = 0, and (6)

(1 —a)Tbf'(z,) — (1 — a)Twy, = 0.12 (7)

The agent sets the marginal benefit of effort in each location equal to its marginal cost in that
location. Equilibrium conditions (6) and (7) define functions x, = g(w,/bd) and xj, = g(wp/b). In

the Appendix, we show that

0 ox; .
:Ch—O,—x:O, 1,7 = o,h. (8)

ox; ox; ox; ) % Oxp
06 da

b >0,8—wi<0,a—wj:0,l7é], BX;

>0

Raising the incentive payment increases effort in either location, increased effort cost in either
location lowers effort in that location but does not affect effort in the opposite location, and a
change in the time allocation does not affect effort per unit time. Rises in beneficial externalities
in the office increases office effort, but do not affect home effort.

A necessary condition for the firm to be willing to participate in the contract is that b € [0, 1),
given limited liability, and positive effort requires b > 0. If we compare (6) and (7) to the socially
optimal marginal conditions, there would be under provision of effort in each location due to the
fact that the agent internalizes only a fraction b of the social marginal benefit of effort. The first
best allocation of efforts can be retrieved from the second best effort functions x;(b) by setting

b=1, g(wo/(1-6)) =zL and g(wy/1) = zf'. From the agent’s problem, we have

if w,/d § wy, then z, % . (9)

2The SOC, baTsf" (x,) < 0,|H*| = 6b*(aT)(1 — )T (z0) f(z1) > 0, are met under A.1.
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For fixed (wo,wp,d), define R,(b) = 0f(g(w,/bd)) and Ry, (b) = f(g(wn/b)), and AR(b) = R,(b) —
Ry, (b).Analogous to the first best problem, we can state

Lemma 2. Let A.1-A.2 hold. Suppose that the incentive share is such that b € (0,1).There
exists a finite wy, € (0,w,/0) such that wy § wy,) implies that Ry(b) § Ry (b).

Lemma 2 orders gross revenue to the principal depending on the relative costs of efforts. When
the effective cost of effort at home is greater than w;, € (0,w,/d), the office generates greater
revenue than the home. If the cost of effort at home is no greater than wy, € (0,w,/d), home work
generates at least as much revenue as does office work.

Although the principal’s choice variables are S, b, and «, of these three choice variables, only the
incentive share b changes x;. For fixed (w,,wp,d), we write the effort functions facing the principal
as To(b) = g(w,/bd) and zp(b) = g(wp/b). Let us write the agent’s expected equilibrium payment

from the incentive share and the time allocation as

A(b, ) = aT[bd f(x6(b)) — woxo(b)] + (1 — @)T[bf (x4 (b)) — wrxn(D)]. (10)

Note that A(0,«) =0 and

DAJOb = aT5 f(0(b)) + (1 — a)Tf(z(b)) > O, (11)

for any a € [0, 1].
The principal chooses S,b, and « so as to maximize residual expected profit subject to the

agent’s participation constraint and non-negativity constraints on S, b, « and (1—a). The principal’s
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optimization problem can be formulated with the following Lagrangian

L = =S+ ({1-b[aTldof(zeb)+ (1 —a)Tf(zn(b) + E(v)] — ke(aT) — c((1 — a)T)

+ALS + A, )] + 755 + Vb + Vo + (1 — @), (12)

with E(v) = 0. The following lemma helps us to simplify the solution.

Lemma 3. Let A.1-A.2 hold. At a solution to the principal’s problem, the participation constraint
is nonbinding for each b € (0, 1], and the optimal noncontingent payment is zero, S = 0.

Let superscript s denote the the principal’s second best solution. Using Lemma 3, we can write

the FOC for interior o® and b°, respectively, as

0 = (1=0)[0f(o(b%)) = flan(b)] = k' (°T) + (1 = a*)T), and (13)
0 = (1=b)[adf (26(b%))0zo(b)/0b+ (1 — &) f(21,(b°)) D, / D]

—[a?6f(2o(b%)) + (1 — a”) f(n(b7)]. (14)

Denote (13) as H = 0and denote (14) as Hj = 0. An interior solution in b° is the only relevant
case, because we wish to consider solutions with positive effort, implying b° > 0, and those in which
the principal would participate, b° < 1.

The principal’s choice of « is guided by (13) at an interior solution. The principal internalizes
the retained revenue change attributable to an increase in time allocation to the office as opposed to
the effort surplus change. The portion of the change in revenue retained by the principal, (1 — %),

is endogenously chosen by the principal. Given o, condition (14) implies

b* = argmax (1 —0)[@’Tdf(x0(b)) + (1 — )T f(xn(b)].
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Condition (13) states that the marginal benefit of office time allocation is equal to its marginal

cost,

(1 - b)AR(®) = MCy(a®). (15)

Conditions (14) and (15) simultaneously determine the second best pair (a?, b%).

In order to better characterize the second best time allocation, we can solve (14) for b° as a
function of o, b°(«a), and write 0b°/0a = HZ, /(—H})). Substituting b°(c) into the left side of (15)
and differentiating the resultant expression with respect to «, we have

%((1 — 0 (@)ARWV () = {=[adf(z,(b%)) + (1 — ) f (2 (b%)]

+(1 =) [ad f'(20(b7))0o(b)/Ob + (1 — o) f' (w1 (b)) Ozn / OD]} (Ob° [ Ocx)

= (H3)?/(—Hp,) 20,

The nonnegativity of (16) is implied by the second order conditions to the interior solution of the
principal’s problem which include Hp) < 0.

The choice of & in (15) is determined by an increasing marginal cost function, MC,(«), and
a nondecreasing marginal benefit function, (1 — b*(«))AR(b*(«x)), each continuous and defined on
the compact interval o € [0, 1], where the maximizer of each function is positive at o = 1(kc/(T)
and (1 —0°(1))df(xo(b(1))), respectively) and the minimizer of each function is negative at o = 0
(= (T) and —(1 — b%(0)) f(xx(b°(0))), respectively). In contrast, the first best marginal benefit
function of « is a constant function of «, but the marginal cost of « is the same.

We can use (16), the properties of MCy, AE(z, 2, and ((1 — b*(a))AR(b*(r)), and Propo-
sition 1 to rank o and af" and to specify sufficient conditions for corner versus hybrid solutions in
a®. We have

Proposition 2. Let A.1-A.2 hold.
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()If (1 —b5(1))5f(z0(b°(1))) < AE(zl, 2, then o® < ol and if (1 —b°(0))f(zn(6°(0))) <
—AE(zl 2l), then o® 2 of

(ii) o € (0,1), if —(1 —0°(0))f(xx(b°(0))) > MCy(0) and (1 —b%(1))df(z,(b°(1)) < MCy(1).

(ii) ((1 —b%(a))AR(D* () > ()M Cy(ax),Yar € [0, 1], implies o = 1(= 0).

Proposition 2 (i) states that if the maximum retained revenue change as a function of «, which
is equal to the retained revenue when all time is spent at the office, is less than or equal to the
change in effort surplus at the first best, then the first best office allocation is weakly greater than
the second best office allocation. This set of conditions requires that AE(xf ,a:,]f ) > 0. That is,
the first best surplus in the office must exceed the first best surplus at home. Alternatively, if
the absolute value of the minimum retained revenue change as a function of «, which is equal the
retained revenue when all time is spent at home, is less than or equal to the absolute value of the
difference between first best surplus at the office minus surplus at home, then the second best office
allocation weakly dominates the first best office allocation. This set of conditions requires that
AE(zE, 1{ ) < 0. That is, the first best surplus at home must exceed the first best surplus at the
office.

Proposition 2 (ii) specifies sufficient conditions for a second best hybrid solution. It states that
if the firm’s marginal profitability of allocating to the office is positive with no office allocation and
if it is negative with 100% office allocation, then the optimal allocation of time involves mixing time
and home and at the office. Similar logic applies to part (iii) where corner solutions are considered.
The firm wants the agent to work entirely from the office, if for all possible a allocations, the
marginal profitability of office allocation is positive. Likewise, the firm desires all remote work
if for all possible « allocations, the marginal profitability of office allocation is negative. The
second best nonhybrid solutions then require a global sign condition on the difference between the

marginal benefit of office allocation and its marginal cost. In reality, we see most firms using hybrid
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solutions (76% of U.S. firms in 2026), suggesting that these strong conditions are not met for many
Compaunies.13

The comparative statics of the principal’s second best solution are largely indeterminate, as-
suming that the second order conditions to the principal’s problem are met. Under the latter, we

can sign the effects of changes in the cost differential and the duration of the work period. We have

the following determinate comparative statics which are the same as those of the first best:

g—z < 0Oand (17)
sign g—; = sign [-OMC,/0T) = [(1 — a)"((1 — a)T) — akd” (aT)). (18)

With and without moral hazard, if the cost differential of the office over the home falls (rises),
then this will increase (decrease) the optimal time at the office at the second best. At Google,
Amazon and many other technology firms, there has been a recent prioritization of open as opposed
to private office spaces. This would cause a decrease in k& and an increase in our . At the same
time we see calls for a greater share of office work at Amazon and Google. Our model predicts this
behavior. On the other hand, technological advances in remote conferencing such as we have seen
during and after the recent pandemic would raise k and lead to more at home work. We also saw
this effect empirically.

At both the first and second best, the sign of da/0T is that of —OMC,/OT. If the marginal
overhead cost at the office is rising faster than the marginal overhead cost at home (OMC,, /0T > 0)
and the current allocation is weighted towards office work, then a shorter work period will increase
office work and decrease work at home, and a longer work period will do the opposite. The converse

is true if OMC,,/OT < 0. This result then predicts the time mix consequences of attempts to shorten

13See DailyRemote (2026).
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or extend the work week, whether or not there is moral hazard.
. s A(AR) . . . .
The sign of Hj, = [(1 — b)=5;~ — AR] is ambiguous under our assumptions, making the
remaining comparative statics with respect to §,wp, and w, ambiguous. The second order cross

partial H?, measures whether the raising of the incentive share increases or decreases the marginal

profitability of adding time to the office. Neither (1 — b) 6(§bR) nor AR can be generally signed
under our assumptions. This ambiguity, along with second order variations in x, with respect
to parameters, make the comparative statics of b with respect to changes in k,T,wp,w, and &

ambiguous. The Appendix presents the comparative statics of this second best solution as well as

the second order conditions.

5.2. The Principal Cannot Observe Effort in Either Location and the Agent Sets the

Time Allocation

In some settings such as academics, the agent has a large role in unilaterally determining the
number of hours spent at the office as opposed to at home. For example, except when classes are
held, a college teacher typically decides how many hours to spend at home or in the office during
the work week. Some private sector organizations also give their employees complete choice over
whether to work at home or in the office.'* Suppose that in the second best setting above, the
agent, instead of the organization, is given the choice of how to mix time between home and office.
If the organization pays overhead costs associated with working at either the office or at home,
then it follows that giving an agent full choice over o will necessarily lead to a corner solution to

the agent’s problem where the larger of the marginal payoffs of «,

max {0 f(g(wo/b5)) — wog(wo/b6), bf (g(wn/b)) — wng(wn/b))},

MFor example, at Akamai, 95% of the work force decides whether to permanently work from home of the office.
See Smith (2022). Under their Team Anywhere policy, Atlassian also gives employees full choice on whether they
want to work in the office or at home. Moreover, Veeva offers broad choice in location. See Semuels (2023).
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determines whether all time will be spent at home or at the office. That is, the optimal « from
the agent’s view is zero or one. Using the logic of Lemmas 1 and 2, given (b, w,,d) there is a
unique wy, such that b0 f(g(w,/b0)) —weg(we/bd) = bf (g(1p /b)) —wrg(wy /b)) and bd f(g(w,/bd)) —
wog(wo/bd) > bf (g(wp/b)) — wpg(wp/b) if wy > wy and conversely if wy < wp. Thus, o = 1 if
wy, > Wy, and a = 0 if wy, < wy. As discussed in the literature review, those with very low relative
effort cost versus that of the office, including many women and homemakers, will gravitate towards
remote work. Max and Pallais (2017) and Aron-Dine et al. (2025) document lower home effort
costs for this set of workers through their higher willingness to accept pay cuts to work at home.

If the principal relinquishes the choice of « to the agent, then the agent is at least as well off
and the principal is at most as well off relative to the full second best. In the general model as we
move from the full second best to the second best where the agent chooses «, total welfare can rise
or fall. We show this using our power function example in Section 6.

An agent not internalizing any of the costs of working at one location or another will of course
gravitate to the location providing the greatest marginal payoff. If « is controlled by the agent
and the organization does not agree with the agent’s polar choice, the organization might resort
to subsidizing or taxing the agent to either work from home or the office depending on overhead

costs. The principal could issue a tax or subsidy of

Z(a,0%) = {T[(1 = 26°)(ad f(20(b%)) + (1 — a) f (2 (0°))] + aTwowo(b%)

+(1 — a)Twpzp(b®) — ke(aT') — c((1 — a)T)} (19)

to be added to the agent’s objective function. The agent chooses x,, x5, and « so as to maximize

blaT(0f(zo) + (1 — )T(f(zp) + E(v)] — aTwexo — (1 — @) Twpzn + Z(cr, b®).
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If the firm chooses b = b®, the agent would choose a = a® and z; = x;(b°),7 = o, h. To replicate the

second best solution, a lump sum tax or subsidy could be issued to the agent in the amount of

Z(a®,b%) = T[1—-2b°)(a’0f(xo(b%)) + (1 — ) f(xn(D®))] + a*Twoxs(b®)

+(1 — &) Twpzp(b®) — ke(a®T) — c((1 — ®)T)}.

This incentive solution would pertain to situations where the firm somehow is institutionally con-

strained or pre-committed to allow the agent’s choice of a.!®

5.3. The Principal Sets the Time Allocation, Cannot Observe Effort at Home, but Can

Observe Effort in the Office

In this subsection, we want to make a distinction between home and office work in terms of the
ability of the principal to monitor the agent. It is reasonable to suppose that the principal can
better monitor the agent at the office than at home. Many companies called workers back to work
after the pandemic due to the beliefs that they may shirk from home or not be productive and
this move continues to the present.'® To simplify the analysis, we assume that the principal can
perfectly observe office effort but cannot observe effort at home.

The principal would pay the agent his cost of effort in the office and ask the agent to exert the
first best effort level there. At home, the principal would contract as in the second best. The agent
solves

masc (1= )b (@) + E()] - Ty )

5 At my organization, due to office space shortage, a subsidy plan was floated wherein a faculty member would be
paid to give up his or her private office and use a common "bullpen" for campus visits.
Bloom et al. (2015) and Microsoft (2022).
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and exerts the effort levels

) =,(1) = 2" and z), = g(%) = 2,(b).

Comparative statics for office and home efforts are the same as in the full second best (at home)
and the first best (at the office).
The principal solves

max oT[0f(xX) —woxl] + (1 — a)(1 = b)Tf(z1) + E(v) — ke(aT) — ¢((1 — a)T).17

{a,b}

The solution to this revised second best problem will be denoted with superscript o. The first order

conditions for an interior solution in « and b include

H? =6f(xl) —woxl’ — (1 = b) f(zn (b)) — [k (aT) — ¢ ((1 — a)T)] = 0, and (20)

8$h

Hi = =(1 = a)f(zn(b)) + (1 = a)(1 = b) f(za(b)) ;= = 0. (21)

Because this problem is less constrained than the full second best problem, the principal enjoys
a profit level which is no less than that of the full second best. In the general model, we cannot rank
the agent’s welfare or total welfare at this second best solution relative to the full second best. In
the power function example of Section 6, we show that total welfare can rise or fall but the agent’s
welfare falls, as we move from the full second best to the second best where the principal sees office
effort. Thus, in general, our example shows that total welfare can rise or fall as we move from the

full second best to the second best where only office effort is observed. The ranking of the first best

"The proof of Lemma 3 can altered to show that the principal does not issue a non-contingent payment and the
participation constraint is non-binding in this case.

27



time allocation with that of this problem is not clear in general. We consider this question next.

The FOC (20) for a can be written as

Eo(wg) = (1= b)f(za(b)) = [k (aT) = (1 = a)T)]. (22)

As in the second best solution, assume that the SOC are met and use (21) to solve for b as a
function of «, b7 (), with v”'(a) = [f(zn (b)) — (1 — b) f'(x4(b))0xy/0b]/(—H) = (HS,)/(—HY,).

Using the same analysis as in the second best, we can show that

- [Eo(,) — (1= b7(a)) f(2n (b7 ()]
= [f(@n(7(a))) = (1= b) f (xn(b7 (@)))Oxn / OB7)6" ()

= (H)*/(—Hj) = 0. (23)

Thus, in this modified second best solution we have that the marginal benefit of o (left side of (22))
is non-decreasing in a. It follows that the maximum value of the marginal benefit of « is [E,(zf) —
(1 —b7(1)) f(zn(b°(1)))] = Eo(xk) and the minimum value is [E,(xf) — (1 — b7(0)) f (21 (b7(0)))].
Let the second best « for this problem be denoted «f.

Using the logic of Proposition 2, we see that the maximum value of this second best mar-
ginal benefit is greater than the first best marginal benefit, E,(z) — 0 > Ey(zl) — En(z]),
by Eh(:ng ) > 0. Thus, we cannot use the limiting argument of Proposition 2 to derive a suf-
ficiency condition for a® < of. However, if the minimum value of the second best marginal
benefit, [E,(zL) — (1 — b7(0))f(zn(b°(0)))] is greater than or equal to E,(zl) — En(zf), or if
Ep(zE) = (1= b7(0)) f(z5(b7(0))), then we have that a” = of". This result suggests that when the
principal can observe effort in the office but not at home then this causes the principal to favor

work at the office. Our power function example in the next section verifies this conjecture.
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Ease of monitoring effort along with higher productivity at the office (high ¢), lower cost dif-
ferentials between the office and home (low k), and lower effort cost differentials between the office
and home (low (w, — wp,)) all can explain the recent calls by chief executive offers for more office
presence.!® However, the key reason given for this push in the business press is the strategic value
placed on collaboration in the office or high ¢ in our model.'”

The comparative statics of the principal’s modified second best solution are identical to those

of the full second best, under the assumption that the second order conditions to the principal’s

o

problem are met. Due to the ambiguity of the sign of H7,,

it is only possible to sign da”/0k < 0
and 0a? /0T = sign [(1 — %) (1 — a?)) — a”kd"(a’T)] = sign [-OMCy(a?)/0T].

Characterization of hybrid versus corner solutions in this version of the second best follow
the same conditions as outlined in Proposition 2. One need only replace the marginal benefit
(1 —b°(a))AR(b* () with the revised marginal benefit E,(z%) — (1 — %) f(z, (b (c))).

In the next section we will present a power function/quadratic cost example, where we com-

pletely characterize and compare all of the above first and second best equilibria.

6. A Power Function/Quadratic Cost Example

To gain insight into the first and second best solutions, let us consider the case of a power function
cash flow function f(x) = 2% a € (0,1), and a quadratic overhead cost function c¢(aT) = (aT)?/2.
As a benchmark, we begin with the first best efforts and office allocation and thereafter continue

to the second best solutions.

'8See McCulloch (2023).
19See Munk (2024) for a discussion of this point.
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6.1. The First Best

At the first best, efforts are given by

ad . 1 _ a 1 _
o= ()T @and o), = (— )Ta. 24
20 = (2) P and = () (24)

The comparative statics of the efforts satisfy all of the sign conditions discussed above theoretically.
Additionally, we see that as the elasticity of cash flow with respect to effort, a € (0, 1), increases,
efforts at home and in the office increase. If effort provokes a greater reaction in terms of output,
this makes for more effort exerted in either location.

Next, let us compute the differential in the surplus AE(zf ,a:,]f ) at the first best. This is the

marginal benefit of the office allocation a. We have, after simplification,

1
AEzl 2l = (aT% —aT)(5 w — wy,

0

(25)

_—a__ 1
Given a € (0,1), the expression (a@ —aT-a) > 0, so that the sign of AE(zf,zl) is determined

=) s

1
by (5(17@ w, = —w ~) which in turn carries the sign of (wy, — wo/ﬁ). The threshold wy, from

Lemma 1, is Wy, = wo/(ﬁ. Thus,
AE(zl ) %Oas wp, %wo/cﬁ = Wy, (26)

Note that as a increases wy, rises. Thus, as the cash flow process becomes more responsive
to changes in effort, the threshold value of the marginal cost of effort which makes office surplus
greater than home surplus rises. This means that there is a greater range of home effort costs where

home effort surplus dominates office effort surplus.
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The marginal cost of office time allocation is given by

MCy(a) = kaT — (1 — a)T. (27)

We have that MC,(0) = =T, MCy(.5) = (k — 1)(T/2), and MCy(1) = kT. Moreover, TC,, is

minimized at & = 1/(k 4+ 1) < 1/2. From Proposition 1, all work is optimally done from the

1 1 —a —a
I-a) T T

office if (aﬁ —a@-2)(0 o ) 2 kT, work is predominately done from the office if

1 —a —a
T T-a T-a

(a(1+la) —qT® )(6 w, wy, ) > (k=1)(T/2), it is predominately done from home when the

1 —a —a
. . . —_a 1 1— —a —a
reverse inequality holds, and all work is from home when (a@-® —aT=a))(§ e wl ™ — w,il ) <

—T.

The first best office allocation of time is defined by

1 —a —a
(@™ —aT0) (6" " wl " —w ) = [kal — (1 — a)T] = 0.

o

Solving for «, we have

—a

1 —a
—a 1 —a —a —a
G @TT —aT )@ Ty w4 T (28)
N T(k+1) ‘

As discussed above in the theoretical analysis, of is decreasing in the office effort cost and the
overhead cost differential of the office over home, and it is increasing in the home effort cost and
the extent of beneficial externalities.

If the work period is extended, then time spent at the office increases if AE(zl, 2') = (a(lf@ —

1 —a
1 1—a —a —a . . ep ey e oy . .
a0 )((5( T~ w,il )) is negative and decreases if it is positive. That is, sign da’ /0T =

o

sign (—AB(zf xg )). Note that in the present power function model with quadratic overhead cost,

sign (—AE(zl,2l)) = sign (—OMC,/0T), where —OMC, /0T = 1—a(k+1) = —AE(zL, 21 /T.
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As noted above in (26), the sign of AE(zl, zI') is that of

wp, —wo/éi. (29)

Thus, if w, < w,/ §i = wy, and effort cost at home is relatively low compared to effective effort
cost at the office, then an increase in 1" will raise the optimal time at the office and lower time at
home. A shortened 7' lowers time at home and raises time at the office. If wy, > w,/ 55 = wp, and
effort cost at home is relatively high compared to effective effort cost at the office, then raising T’
implies lower time at the office and more time at home, whereas lowering T' raises office time and
lowers time at home. At the first best, recent policy calls to decrease the work week would tend to
extend the percent of office time if the home has relatively lower effort cost and raise the percent
of office time if the home has relatively high effort cost. These conclusions seem counter intuitive,
but when, for example, effort cost at home is relatively low, more time is optimally being spent at
home whereby overhead cost at home is rising more rapidly and this leads to more optimal time at

the office when the work week is shortened.

6.2. The Second Best where the Principal Cannot Observe Effort in Either Location

The second best solution is characterized by first specifying second best effort levels. These are

given by

b 1 _ b
e () o -

The comparative statics of all parameters other than b are identical to those of the first best.
Increases in the firm’s incentive share raise both office and home effort levels. Also, given b € (0, 1),

second best efforts are less than first best efforts in each location.
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Next, let us examine the second best incentive share. First order condition (14) tells us that

b) — (a6 f(z0(b)) + (1 — ) f (z4(D)]

(1- [@d f'(25())0x0(b) /Ob + (1 — ) f'(z4(b))Oxp,/Ob]

Substituting using the optimal second best efforts and solving for b, we have
b® = a. (30)

The optimal incentive share is the power of the cash flow power function.

With b° = a, the second best marginal benefit of « is

(1= HAR() = (T2 — o8y (5T T _ 4,7 (31)
The first order condition (15) yields
(a2 — =9 )(5“;) w;f-““) - w,if‘%” ) — [kaT — (1 — a)T] = 0. (32)
The threshold wy, is as in the first best wy, = Wy, = wo/cﬁ, so that
(1— B)AR(D) = (a7 — o) (5T T _ ) = 0 as wp S w,/0%,

2a (14a)
where (-9 —q@=2) > (. Thus, the marginal benefit of « at the second best, the retained revenue

difference between office and home, has the same sign as the first best effort surplus difference.

Solving (32) for the second best optimal time allocation o, we have

2a (14a) (lia) iaa ia;l
(a(lfa) — q(1-a) )(6 wél ) _ w}(ll ) ) + 7T

T(k+1)

o’ =
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The second best time allocation is similar to that of the first best except for the multiplicative

2a (1+a) X 2a (1+a) a 1 .
term (a0 —a =) > 0. It is easy to show that (aT-9 —aT-®) < (aT-@ —aT-).29 That is, the

positive coefficient in the numerator of of is greater than the positive coefficient in the numerator
of o, with all other terms identical. This result gives us the following ordering of the first and
second best time allocations:

1
af' > af, if wy, > wo/da, and
1
o <af, if wy S w,y/da.

If we think of wy, % Wy /0 2 as the home being less or more efficient than the office, then the second
best under allocates time at the office when the office is more efficient and over supplies time at
the office when the home is more efficient.

The first and second best marginal benefits of o, AE(zf,2F) and (1 — b*)AR(b*), have the

o

—a —a
T-a) -

same sign. This sign is that of the expression ((5(17'1) w, —wy, R ), which in turn depends on

the relative magnitude of the effective cost of effort in the office as compared to the cost of effort
at home. The time allocation to the office is under supplied at the second best, in situations
where both AE(zL', zI") and (1 — b*)AR(b®) are positive. Conversely, the second best allocation to
the office is over supplied in situations where both AE(zf zf') and (1 — b*)AR(b*) are negative.
This is symmetric to the opposite case when AE(xf, z') and (1 — b*) AR(b*) are positive, because
the second best home allocation is under supplied compared to that of the first best when both
AE(zl, 2') and (1—-b%)AR(b®) are negative. That is, (1—af’) = (1—a?), if wy, < wo/éé. Thus, in
situations where the cost of effort at home is low relative to the effective cost of effort at the office,

the agency problem leads to a lesser allocation of time at home than what would be optimal (over

20 2a (1+a) a 1 . a 1 2a (1+4a) . .
Note that (aT=® —aT=9 ) < (aT-a) —qT-») iff (aT-® —qgT-) ) —(aT-a) —qT=a)) > 0. The latter inequality
can be simplfied to (a1+a —aT5)(=1+aT7) > 0. Given a € (0,1), (alTlﬂ —aT7),(~14aT7) <0, and the result
holds.
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allocation at the office). Conversely when the effective cost of effort at the office is less than the
cost of effort at home, the agency problem results in less than the optimal amount of time allocated
to the office (over allocation at home).

The comparative statics of the second best office allocation are the same as those of the first
best. The parameters 8, k, w,, wy,, and T each has the the same sign effect on o as it had on of'.
We note that as in the analysis of the first best, at the second best, shortening the work week
increases office time if effort cost at home is relatively low and increases it if the converse holds.
This should inform those in policy positions who seek to shorten the work week. In the power
function example, we see that time at the office is increasing in the §, decreasing in k, increasing in
wp, and decreasing in w, as intuition would suggest. In the general theoretical model, these effects
were ambiguous.

In the second best where the agent chooses a, we can replicate the above full second best

solution by the tax/subsidy scheme discussed in Section 5.2. We turn next to this case.

6.3. The Principal Cannot Observe Effort in Either Location and the Agent Sets the

Time Allocation

In this case, the agent chooses to work at the office if wy, > w,/d ¢ and at the home if the converse
holds. We know from the general model that compared to the full second best, the agent is at least
as well off and the principal is no better off. We will show here that total welfare can increase or
decrease compared to the full second best.

If wy, > w,/d %, then the agent chooses the office. The principal sets b as the solution to

da
1-b ba/(lfa) el a/(lfa).
max (1-0) (wo)

The first order condition yields b = a as in the full second best. If wy, < w,/d %, then the principal
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chooses home, and his objective function is (1 — b)b% (1*a)(wih)a/ (1=4) 50 that b = a. It follows that

if wp, > w,/d @ total welfare is welfare at the office

2 2
we — 1528 yal=a) _ pyy,(29)1/0=a) _ o).

Wo Wo

If wy, < wy/0 %, total welfare is welfare at the home

b @ a/(1-a) a® \1/(1-a)
Wh=T(—)"""% — Twp(— Y —o(T).
(wh) wh(wh) o(T)
Finally, full second best welfare is
da? da? a® a®
s _ s Y% Na/(1—a) Y% \1/(1—a) .8 Y Na/(1—a) _ % \1/(1—a)
We = QTS 1) = Tug(To Y00 4 (1= T/ — Ty ()10
—ke(aT) — c((1 — a)T). (34)

We take c(aT) = (0.01)(«T’)?/2. Then if wy, > wo/ﬁ and the agent chooses the office, we have

W* = (1.5376) > W° = (.6486) if (a, k, T, wp, wo, d) = (0.5,2.1624, 11.5313, 1.1095, 4.6382, 2.1155)

and

W* = (1.5486) < W° = (3.0307) if (a, k, T, wn, wo,d) = (0.5,1.2789, 4.2439, 6.2751, 77.8328, 17.5416).

1
All of these parameters meet our basic restrictions with wy, > w,/da.

Again taking c(aT) = (0.01)(aT)?/2, assume that wy, < wo/cﬁ, so that the agent chooses the
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home. We have

W* = (20.5643) > W" = (19.3569) if (a, k, T, wp, w,, 8) = (0.0775, 2.4487, 33.3710, 0.1803, 3.1470, 1.1830)
and

W* = (22.8752) < W = (25.4895) if (a, k, T, wp, w,, 0) = (0.7599, 2.4626, 23.3907, 0.4145, 15.3417, 13.6292).

Again, all parameters meet our basic assumptions with wy, < w,/0 ..
In general, then we can say that by allowing the agent to choose the work allocation, there is
an ambiguous change in total welfare as compared to the alternative full second best. This result

is not uncommon in second best comparisons.
6.4. The Second Best Where the Principal Observes Effort in the Office but Not at
Home

The agent optimizes given the principal’s b, and the modified second best efforts are

0. 1 b, 1
o = (Z“j—) T and z), = (Z—h)ufa).
(0]

The principal optimizes over a choice of b and the first order condition (20) yields

oy @) (22) T
(1-b)= F'(xp (b)), /O] _( a )(g—’;)ﬁ—l(i)

Simplifying, and solving for b7

W = a. (35)
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Thus, as in the full second best, the optimal incentive share is the power of the cash flow power
function.
Next consider the first order condition for the optimal time allocation. Using FOC (20), we

equate the marginal benefit of a to its marginal cost. The marginal benefit of « is

Eywf) = (L= ¥)R(7) = @77 —aT0)(@" Tu) 7 —aT Tl 7). (30)

a 1
Given (a@-9 — q@-9) > 0, the sign of this marginal benefit is dependent on the sign of the

1 —a__
(i-a) T—a

. —4 1—a
expression (§ w, —a0-9 w}(L "), where
T Tw o, > 1
—a —a a 1—a > L
(0 w, —a@Jw, )= 0aswy = awe/de.

Thus, the threshold wy, for which this marginal benefit is zero is

Wp = aw, /6 < b = w,/5%. (37)

The threshold cost of effort in the home for a positive marginal benefit of office work is lower than
in the first and full second best problems. In other words, to have a positive marginal benefit of
home work time, the cost of effort at home must be even lower than the threshold of the first or

full second best. Equating the marginal benefit and cost of a and solving for a?, we obtain

The ranking of a?, a®, and a!” can most easily be found by ranking the three marginal benefits
of o in equilibrium. This is true because the marginal benefits of o are each equal to the same

increasing marginal cost of « in equilibrium. To compare o and o, take the difference [EJ — (1 —
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b)RY] — (1 — b*) (RS — RS) = ES — (1 — b%)RS, by (1 — b°)RS = (1 — b*)RS. We have

E7 — (1-b)(RS) = wgli@(sulw [(aTo — a<11a>) _ (a<12_“a> _ aﬁifig)] < 0.

F

It follows that a® > a®. To compare a and of’, compute the difference [E — (1 —b7)R]] — [EL —

Efl=EI — (1 -V)RY, by ES = EI'. We have

a 1 2a (1+a)

EY —(1-b)R) =w) [(aT-3 —aT-9) — (aT-9 —a=a)] > 0.

We then have that a® > o

If the principal has a better ability to observe office effort than home effort, then he tends
to allocate more time to the office than what would be allocated in situations where no effort is
observed (second best) and in situations where all efforts are observed (first best). These results
are exactly what intuition would suggest.

We know from the general model that the principal is at least as well off relative to the full
second best when effort can be observed at the office. We will show that in the power function
example, the agent always loses relative to the full second best if the principal can observe effort in
the office, but that total welfare can increase or decrease as result of the principal observing office
effort. The latter results then tells us that in general the effect on total welfare of office observation
relative to the full second best is ambiguous.

Consider the agent’s welfare in equilibrium at the second best with observation of effort at the

office. Define

39



By a € (0,1), ¥ > 0. The agent’s welfare at the full second best can be written as

1 —a —
AP =TV 0w, * — (1 —a®)w, ™).
The agent’s welfare at the second best with observation of office effort is

A% =TU(1 - a”)wﬁ.

The difference is

A* = A% = TU[0*6 7w © — (0% — 0*)wl ] >0

by (a® — a®) > 0.2! The agent does worse in the power function example.

Total welfare at the equilibrium where the principal observes effort at the office is

da? da? a? a?
o _ o 9% Na/(1—a) _ 1/(1—a) . @ Na/(1—a) _ Y \1/(1—a)
W a?[T6( wo) Two(wo) |+ (1 -« )[T(wh) Twh(wh) ]
—ke(a’T) — c((1 — a”)T). (38)

Let ¢(a®T) = (0.01)(a*T)?/2, so that (38) can be compared to W* in (34). We have

W* = 38.1092 > W7 = 37.5131, if (a, k, T, wp, we, 8) = (0.8703,2.4206, 5.9200, 0.4567, 4.1220, 4.7227),

21 Note
q@/(=a) _ 1/(1=a) _ aa/(lfa)(l —a).

Then

—a

a“/(lf“)(l - a)(éﬁw[}"1

- a“/(k“)wﬁi_“) —(1-a)aT-a (6ﬁw[}’“ —wp )
T(k+1)

—a

a/(l1—a)(1 _ _ a/(l—a)\(sTis,,T-a
_ a (1—a)(1l—a )(OT=aw, ) <0 m
T(k+1)
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and

W?# =5.05895 < W9 = 5.66234, if (a,k,T,wp,w,,d) = (0.1683,1.7900, 11.5033, 2.1848, 9.8752, 1.8062).

In general, asymmetric observation of effort at the office does not guarantee total welfare gains in

the presence of moral hazard with work at home.

7. Conclusion

The embedding of the moral hazard problem into a model of work from home versus work from
the office has uncovered specific predictions regarding this interesting choice problem. The agency
problem can lead to under or over allocation of office time. It depends on the endogenous marginal
revenue benefit of office allocation versus home allocation at the optimal contract and how this
differs from the marginal surplus benefit of office versus home allocation. The endogenous marginal
revenue benefit of office allocation at the second best is nondecreasing as more office allocation is
used.

At the first or any of the second best solutions, hybrid allocations where there is some home and
some office allocation have lower total overhead cost than polar solutions where all work is from one
location. At the first best, a hybrid solution is optimal if the absolute value of the difference in effort
surplus at the office minus that of the home (the marginal benefit of office allocation) is between
the marginal cost of 100% office allocation and 100% home allocation, where the former marginal
cost is greater than the latter. A corner solution with all office work is optimal if the marginal cost
of 100% office allocation is less than the difference in effort surplus at the office minus that of the
home, and a corner solution with all remote work is optimal if the difference in effort surplus at the

home minus that of the office is greater than the marginal cost of 100% home allocation. Similar
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results hold for the full second best, except that the marginal benefit of allocating to the office is
the retained revenue difference between the office and home. If the retained revenue when all work
is done from the office is less than the marginal cost of 100% office allocation and the retained
revenue when all work is done remotely is greater than the marginal cost of 100% allocation to the
home, then a hybrid solution is optimal. A corner solution with all work at the office (all remote)
is implied by a situation where the absolute value of the difference between retained revenue at the
office minus that at home is greater (less) than the marginal cost of allocation to the office for all
possible office/home allocations. Non-hybrid equilibria require great absolute value differences in
the effort surpluses, at the first best, or the marginal retained revenue differences, at the second
best. In practice, these often do not exist which may in part explain the pervasiveness of hybrid
solutions.

The positive overhead cost differential of the office versus the home, k, is inversely related to
the optimal office allocation at the first and second best solutions. The use of open office space as
at Amazon, Google, Adobe, Apple and many financial service firms reduces k£ and therefore should
lead to more office allocation. Advancements in remote communication technologies increase k and
should lead to more home allocation, as we saw after the recent pandemic.

At the first best or any of the second best solutions, the effect of reduced total work time,
T, on the office allocation is negative if greater T raises the relative marginal overhead cost of
office allocation. The latter tends to be true if the marginal cost of the office allocation is rising
faster than that at home and the office allocation is relatively large. Under these circumstances, we
predict that calls for a shorter work week could increase optimal office allocations. The converse
argument applies.

Our power function/quadratic cost example points out that at the full second best, moral hazard

can result in under allocation of time to the office if the office is more efficient than the home and
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over allocation of office time if the home is more efficient than the office. For example, we predict
that the moral hazard problem results in the firm demanding more office time than socially optimal
when work at home technologies improve.

In the context of symmetric moral hazard, we predict that allowing the agent broad scope in
choosing office versus home allocation tends to lead to corner solutions where the agent chooses
to work in one location or the other. This tendency can be countered, through a tax or subsidy
scheme. This freedom of choice is weakly better for the agent and is weakly worse for principal.
However, we have shown that total welfare can rise or fall compared to the full second best solution.

Asymmetric moral hazard, where the principal can observe office effort but not home effort, is
weakly better for the principal, but total welfare can rise or fall compared to the full second best.
In the context of our power function example, it is also true that the agent’s welfare falls in this
case as compared to the full second best.

Based on our predictions, the current trend where chief executive officers of major corporations
are calling for more office work could be due to any or all of four reasons. First, the CEO might
believe that office synergies, our ¢, are significant. Second it could be due to the fact that open office
space is being substituted for private space, making our cost differential lower (lower k). Third, it
could be due to their belief that office work facilitates the ability to observe effort or that employees
are more productive there. Fourth it could be due to a decrease in the difference between effort

cost at the office and at home ((w, — wy)).

8. Appendix

First and Second Order Conditions for a Social Optimum: The following first order condi-
tions (FOC) are necessary for an interior solution in socially optimal efforts, z; > 0, i = o, h, and

time allocation, a € (0, 1) :
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aTsf'(zo) — aTw, = 0,
(1—a)Tf (zp) — (1 — a)Twy, =0, and
T[6f(z0) — woxo) — T[f(zn) — wpzn] — Tk (aT) — (1 — a)T)] = 0.

At a point where the FOC are met, the SOC are aT¢ f"(z,) < 0, [«T0 f" (x0)][(1 — )T f"(xp)] > 0,
and |HT| = [aTSf"(20)][(1 — a)Tf" (x)][-T?k"(aT) — T?"((1 — a)T)] < 0, which are clearly

met under A.1 and A.2.

F

Proof of Lemma 1: The solution

maximizes f(z,) — (w,/d)x,, so that if w,/d < wp, then
16 f(2l) —worl] = f(al) —wpal By 6 > 1, EF > EF.
For EI < E}f it is necessary that wy, < w,/d, but this is not sufficient as it only implies that
26 f(@l)—woxl] < f(zF)—wpal. We will show next that there is a @y, < w,/d such that [§ f(zL) —
F

worl] = [f(2f) — wpzl]. We can rewrite the latter condition as [6f(g(wo/0)) — wog(w,/d)] =

[f (g(@n)) —wng(dn)] = [f(g(@n)) = f(9(w0n))g(wn)]. The function g satisfies g(0) = oo and g(co) =
0, by the Inada conditions on the function f. Thus, we have that lim [f(g(wp))—f'(g(wp))g(wy)] =

wp—0

f(00) = f'(o0)oo = o and lim [£(g(wn)) — f'(g(wn))g(wn)] = [f(0) — £(0)0] = 0. It follows that
there is a Wy, € (0,w,/0) such that [0 f(g(wo/0)) —weg(ws/d)] = [f(g(wp)) — wrg(wp)]. Because the
latter function, [f(g(wp)) — wpg(wp,)], is strictly decreasing in wy, the result holds. W

Proof of Proposition 1: We have that MC/ («) = T[kd"(aT) + "((1 — «)T)] > 0 with
MC,(0) = —=d(T) and MCy(1) = kd(T). Moreover, MC,(.5) = (k — 1)d(.5T) > 0. Because
AE(zl, zf') is a constant function of «, result (i) holds. Because MC,, is strictly increasing and
defined on « € [0, 1], argmin MC, = 0 and argmax MC, = 1. Results (ii) and (iii) follow from

these facts. W

Proof of Lemma 2: Conditions (6), (7) and the properties of f imply that w,/d < wy, leads
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to To(b) = xp(b). It follows that f(x,) > f(xp), so that 0 f(z,) > f(xn).

For R,(b) < Ry(b), it is necessary that wp < w,/d, but this is not sufficient, as it only im-
plies that f(xz,) < f(zp). We want to show that there is a w, € (0,w,/d) such that given
b, 0f(g(wy/db)) = f(g(wp/b)). From the Inada conditions on f, f(g(0/b)) = f(co) = oo and
f(g(c0/b)) = f(0) = 0. Thus, wy, exists. Because, f is decreasing in wy,, the result holds. W

Proof of Lemma 3: Let us first show that the participation constraint is nonbinding. The
function A(b, o) satisfies A(0,) = 0 and 0A(b,«)/0b > 0,b € (0,1], and « € [0, 1]. Thus, for all
be (0,1], and o € [0,1], S+ A(b) > 0, by S = 0. It follows that the participation constraint is

nonbinding. From (12), the FOC for the choice of S is

—1+)\+’}/S:O.

If the participation constraint is nonbinding, then A =0 and yg = 1. Thus, S =0. W

Proof of Proposition 2: (i) AE(zl, 21') is independent of «, while ((1 — b*(a))AR(b* () is
non-decreasing in «. From the fact that M C,, is strictly increasing in a and continuous, the result
follows from equilibrium conditions (4) and (15).

(ii) Take the difference D(a) = ((1 — b*(a))AR(V*(er)) — MCy(c). Under our assumptions
D(0) > 0 and D(1) < 0. By continuity of D and the intermediate value theorem, there exists and
a® such that D(a®) = 0.

(iii) If D(a) > 0, for all o, then we have a corner solution at o = 1, and if D(a) < 0, for all a,

the corner solution isat « =0. W
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The Comparative Statics of the First Best: At a point where the FOC are met we have that

_aTdf“(xo) 0 0 —
[H'] = 0 (1 — a)Tf" () 0 ,
0 0 —k"(aT)T? - "((1 - a)T)Tz_

with [H¥'| < 0. Using the usual comparative static techniques, we have that

Oz _ aT[(1— )T f"(xp)][—"(aT)T? — "((1 — )T)T?] <0
dw, |HF| ’

da T f"(x,)(1 — )T f" ()T,
ow, |HF|

< 0, and

8$h_ 0 -0
ow, |HF|

The effects of changes in wy, are

Oz, (1 —)T[aTsf"(z,)][—"(aT)T? — "(1 — )T)T?]

D Fd <0,
da _ aTdf" (o)1 — a)T f"(wn)(=T)zn
Do HF] > (, and
90 _ 0 __
8wh |HF| '

Next, consider changes in ¢ :

Ozo _ —aT f'(xo)[(1 — )T f"(wn)][—c"(aT)T? — (1 — a)T)T?]
06 |HF|

> 0,

oy, 0
_— — = d
9 | 0, an
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0o =T'f (o) [aT6f"(0)][(1 = )Tf"(wn)]

Consider changes in k :
da  Te(oD)aTof" @))l(1 = )TF" ()]
ok HF| < 0,and
Or, % 0 0
ok ok |HF|
Finally, consider changes in T :
1 _ /! 1 _ T _ /! T
oo (1—a)d'((1—a)T)— akd (aT) and

T~ T2kd"(aT) + (1 —a)T)]

0x, Oxp 0O

or ~ oT |HF|

0. m

Comparative Statics of the Agent’s Problem at the Second Best: The relevant Hessian is

aTbé " (x,) 0
(2] =
0 (1= a)Tbf"(xp)
We have that

omy  —f'w) Om  —faw) Pmo ')
ab bf(zo)’ b bf"(zn) 98 of"(zy)
ox; 1 Ov; 0 . Oz Oz 0
dw @) dw, THA T8 aa At o ™

Comparative Statics of the Second Best Solution

At an interior solution, the relevant Hessian for the reduced form system (each FOC is divided
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by T') is

H:, H?
ab
H° = , wWhere
S S
Hboz be

H:, = -Tkd"(aT) - T"((1-)T) <0,

Hiy = 200 (w0) + (1 - o) (@) (Ge2) + (1~ b)ads"(ao) (e
’ 82370 7 8xh ) , 82$h
+adf (2o) g + (1= a)f(n)(—7)" + (1 = ) fi(wn) 7],
and
s / 0z, , oxy,
o= 00 )0 — ) )~ (5 o) — fan)
- - b)a<§bR) _AR.

The second derivative H is negative under A.1 if %ﬁ’h is negative. This derivative is given by

0w _ — (" (i) G )bS" (i) + [ (i) (f (i) + b (2:) 5)
ov? (bf"(x:))? '

Given A.1, % is negative if the third order derivative f” is negative or it is positive and dominated

by the other second order terms, which are negative. The derivative H}, is not generally signable,

d(AR)
b

under A.1. Both the sign of (1 —b)=5~ and —AR are not determinate under our assumptions.

Assuming that the second order conditions are met, only da/0k and Oa/OT can be signed. We

have that

Oa 1 s
% We’(aT)be <0, and

5 = G H [0 = (1= ) - ek (a7
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Under the second order conditions, |[H®| > 0 and Hjj, < 0. As in the first best, the sign of da/0T
is that of [(1 — a)d’((1 — ) — akd’(aT)].
Given the ambiguity of H?,, the remaining comparative statics with respect to J,wy,, and w,

are ambiguous. To see this, note that

0 ;.\ 0z, s , 0z,
T = T H = D) + 67 @) G + Higlo w0) + a0 )
" 8z08 o / a2zO
~(1 = b)(af " (@) L 55 + adf (o) 552

Apart from the fact that HZ, cannot be signed, we also cannot generally sign

0Pz, —(f"(w0) %2 )bf" (x0) + F' (o) (bf" (10) B2
9600 (bf"(x0))? '

This is negative if f”(z,) is negative and indeterminate if it is positive. In any case, g—‘g‘ is not

signable, if we cannot sign H?,. Likewise, we have

oo . 1 7S B / Oz, _Igs - / %
awh - |H8’{ be(l b)f (ajh) 8wh Hab[(l Cl)f (.I'h) 8U)h
B B _ " 81‘]1 8$h / 82177,
(1= 0)(1 = Q) (o) T S0 ) 2
6@ - ]_ s _ , 8960 . / 8xh
ow, \HSI{ Hip(1=0)] (:”O)awo Hasladf (xo)awh

Oz OTh | s ¢
9w, ab T (xh)aw(,ab)”’

—(1 = b)a(df" (o)

with the ambiguity of H,; rendering each of these derivatives ambiguous.
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Similar ambiguities exist for changes in b with respect to changes in k,d, or 7. We have

0b -1

% = |H5| (aT)Hbo”

0b

o :|;ﬂ<HMM1—mw«r—mwﬂmme»

% _ HE(1—b 5 (20)2%2) 4+ s 5f () 2%
5= =) + 55 ) T + Hialof (wo) + b (w0) G

0z, Oz, 0%z,

(1= D)af (@) 52 T2 + b (w0) 522,

with the ambiguity of H?, making each of these derivatives ambiguous. Derivatives with respect

to wp, and w, are similarly rendered ambiguous. We have

8b ! a:I/'h S ! 8'%71
o \HS]{ ap(L=0)f ($h)a_M+Haa[(1_a)f (l‘h)a—m
X X 233'

—(1=8)(1 - ) ) G 4 )
ob oz, s , oxy,
S = T H = 03 ) 5 + Healodf (o) o

xp, O 2%
~(1= (S (o) g S+ 5 () )

so that the inability to sign HY, again causes indeterminacy. W
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