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Abstract

During a pandemic companies adopt teleworking agreements even if they put zero weight on its

workforce welfare, as long as the quality of its future product may be affected by current health outcomes

of its workers. News about a vaccine leads to an increase in the scope of teleworking agreements if and

only if the management puts a strictly positive weight on its workforce welfare. Ceteris paribus, a rational

management would never reduce the scope of teleworking agreements when vaccine is on the horizon. If

new safety protocols appear successful in limiting or avoiding the health risks for tasks done on-site (e.g.

lack of viral transmission with in-person teaching under a hybrid model), the reduction in the scope of

teleworking agreements will be excessive if managers do not understand Lucas’ Critique.
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1 Introduction

During the Covid-19 pandemic many institutions adopted teleworking agreements for their employees, with

the scope varying by sector and establishment (Brynjolfsson et al., 2020; Rahman, 2020). Over time, em-

ployers implemented health-related safety protocols for workers who stayed on-site (Honein et al., 2021).

Recently, there has been a push for a return to pre-Covid working arrangements in some areas, most notably

education1, coinciding with the roll-out of a vaccine.

This situation yields natural questions for economists. How does the development of a vaccine affect the

optimal scope of teleworking agreements? Can the observed changes in the scope of teleworking agreements

inform us about the weight that employers put on their employees’ welfare (for either selfish or empathetic

reasons)? Is it safe to bring workers back on-site when new health safety protocols appear effective? In this

note I address these questions by laying out a simple theory of task allocation between on-site and teleworking

agreements during a public health emergency. The theory offers three main insights. First, if current health

outcomes of the workforce affect the future quality of firm’s output, the management will adopt teleworking

agreements for part of its workforce, even if they put zero weight on its workforce welfare. Second, news

about the upcoming vaccine increases the scope of teleworking agreements if and only if the weight put on

workforce welfare is positive (the higher that weight, the larger the increase). Third, if companies base their

”return to in-person work” policy on successful implementation of health safety protocols, the reduction in

the scope of teleworking agreements will be excessive if the management does not understand Lucas’ Critique

(Lucas, 1976).

This note provides a tractable framework to analyze the optimal allocation of workforce between remote

and on-site work, thereby contributing to the literature on personnel relationship and management within a

firm2 and on costs and benefits of working from home.3 It also adds an important argument into the current

debate about safe return to in-person instruction in education, whose proponents quote evidence of limited

viral transmission at schools, partially based on data from schools that use a hybrid model of in-person and

1See https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/21/executive-order-supporting-the-

reopening-and-continuing-operation-of-schools-and-early-childhood-education-providers/ or

https://www.republicanleader.senate.gov/newsroom/research/democrats-side-with-teachers-unions-against-students.
2Lazear and Shaw (2007) is a classic reference. See also Grund et al. (2017) and Mas and Pallais (Forthcoming) for two

excellent literature surveys.
3There appears to be a growing evidence that teleworking agreements may become a much more prevalent feature of the

labor market in the post-Covid world, see e.g. https://www.pwc.com/us/en/library/covid-19/us-remote-work-survey.html.
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remote instruction (Honein et al., 2021). This note cannot say whether schools should or should not move

away from teleworking agreements. It merely points out that any evidence of safe in-person instruction may

be subject to Lucas’ Critique.

2 Model

The final product is created with a continuum of tasks, indexed by x ∈ [0, 1]. They can be done on-site (in

person) or via teleworking (remotely). A task done on-site yields a unit of output. A task x done teleworking

yields f(x) units where f ′ > 0, limx→0 f(x) = 0, and limx→1 f(x) = 1. Hence, the lower the x, the more

important it is for the task to be done on-site: overseeing the IT network might have f(x) close to one,

whereas waiting tables in a restaurant will likely have f(x) equal to zero. Quality of the final product is

given by:

Y =

∫ 1

0

[p(x) + (1− p(x)) · f(x)] dx

where p(x) indicates whether the task is done in person, p(x) = 1, or remotely, p(x) = 0. The distribution

of employees across tasks is uniform, so the total number of people who are told to work on-site (in-person)

is:

p =

∫ 1

0

p(x)dx. (2.1)

In-person vs. remote completion of task x yields different probability of getting infected for the employee

involved in the task. I will assume that probability is 0 for remote work.4 Typically, the task that does not

lose much of its quality when done remotely, will involve fewer close interactions with people. Hence, when

on-site, workers involved in such task will have a relatively lower probability of getting infected. Specifically,

I assume that a worker involved in task x on-site faces probability s̃(x) ≡ p · s(x) of getting sick, with

s′(x) < 0 and such that |s′(x)| ≤ 2 · s(x) for all x (e.g. a function s(x) ≡ e−x satisfies that restriction).

The last assumption ensures that total infections are a convex function of the fraction of workers who work

on-site. Additionally, I assume that: limx→0 s(x) = s < 1 and limx→1 s(x) = s > 0, so that the most (least)

in-person intensive task has infection probability that is less than one (positive).

Marginal benefit and marginal cost of moving a given task on-site Figure 1 plots typical graphs

of MB(x) ≡ 1− f(x) and MC(x) ∝ p · s(x) (for some constant p), which illustrate the marginal benefit and

4This is a normalization - the key is that employees’ behavior outside of their workplace is uncorrelated with the nature of

their job.
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Figure 1: Allocation of tasks between on-site and remote work

marginal cost of making any given x done on-site (keeping all other tasks unchanged). It is evident that

p(x1) ≥ p(x2) ⇐⇒ x1 ≤ x2 - if it is optimal to have x done on-site (remotely), then it must also be optimal

to have any other task x′ < x (x′ > x) done on-site (remotely).

Let x∗ be the threshold task such that for any x < x∗ we have p(x) = 1 and for any x > x∗ we have

p(x) = 0, which implies that p = x∗. Given x∗, the fraction of workforce infected is:

I(x∗) =

∫ x∗

0

s̃(x)dx = x∗ ·
∫ x∗

0

s(x)dx

Optimization problem The management maximizes the quality of output and minimizes the health risk

of its workers over periods 1 and 2. Period 1 corresponds to an intermediate stage of the pandemic that has

been on-going (it started in period 0, which is not modelled here). Over those two periods the management

is not able to hire new workers. The management puts a relative weight ω ≥ 0 on workers’ health. A

positive value of ω can capture certain degree of empathy, but also a philosophy that experienced workforce

is part of the institutional human capital that is not easily replaced. Regardless of ω, the management has

an incentive to keep its workforce healthy. A fraction δ of workers who get infected will die. Hence, the

output in the second period will be produced by a smaller workforce and its quality will be lower.

At the beginning of period 1 the management learns about the fraction γ of workforce that will be

successfully vaccinated in period 2. If there is no vaccine on the horizon, then γ = 0. Any value of γ ∈ (0, 1]
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indicates that vaccine is available and will be distributed to a positive fraction of the workforce. The

management takes γ as given.

The optimization problem is then as follows:

max
x

Y (x)− ωh(I(x)) + (1− δI(x))W (γ) (2.2)

where

W (γ) ≡ max
x

Y (x)− (1− γ)ωh(I(x)) (2.3)

2.1 Characterization

Let x∗1 denote the arg max of (2.2), and let x∗2 denote the arg max of (2.3). Regardless of the choices made

in period 1, x∗2 is defined as:

x∗2(γ) = arg max
x

Y (x)− (1− γ)ωh(I(x))

We then have: W (γ) = Y (x∗2(γ))− (1− γ)ωH(I(x∗2(γ))). Envelope Theorem, however, implies that:

W ′(γ) = ωh(I(x∗2(γ))), and W ′(γ) ≥ 0 ⇐⇒ ω ≥ 0.

The optimal allocation of tasks between remote and on-site work in period 1, x∗1, must satisfy the following

condition:

Y ′(x∗1)− ωh′(I(x∗1))I ′(x∗1)− δI ′(x∗1)W (γ) = 0 (2.4)

Applying the Fundamental Theorem of Calculus to I(x), I ′(x), and Y (x) yields the following properties of

I ′,I ′′,Y ′, and Y ′′:

I ′(x∗) =

∫ x∗

0

s(x)dx+ x∗ · s(x∗) > 0 (2.5)

I ′′(x∗) = 2 · s(x∗) + x∗ · s′(x∗) > 0 (2.6)

Y ′(x∗) = 1− f(x∗) > 0 ⇐⇒ x∗ < 1, ⇒ Y ′′(x∗) = −f ′(x∗) < 0 if x∗ < 1 (2.7)

2.2 Vaccine prospects and the optimal allocation of tasks

The first theorem states that even if the management puts zero weight on workers’ welfare, it will be optimal

to have some of the tasks done remotely. The fraction of tasks done remotely will be higher if the weight

put on workers’ welfare is higher.
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Theorem 2.1. For any value of ω we will have x∗1 < 1, but
∂x∗

1

∂ω < 0

Proof. Setting ω = 0 we get: Y ′(x∗1) = δI ′(x∗1)W (γ) > 0 ⇐⇒ x∗1 < 1. The proof that
∂x∗

1

∂ω < 0 relies on

total differentiation of (2.4), which yields:

dx∗1
dω

=
h′ · I ′

Y ′′ − ω · [h′′ · I ′ + h′ · I ′′]− δ ·W · I ′′
< 0

In general, from the mere allocation of tasks between on-site and remote work, we cannot determine

whether workers’ health considerations play any role in management decisions. However, things become

different when the management learns that a vaccine is on the horizon and that fraction γ of its workforce

will be inoculated.

Theorem 2.2. Let x∗1 be the maximizer of (2.2). Then
∂x∗

1

∂γ ≤ 0 ⇐⇒ ω ≥ 0.

Proof. The proof relies on the total differentiation of (2.4), which yields:

dx∗1
dγ

=
δI ′ ·W ′

Y ′′ − ω [h′′ · I ′ + h′ · I ′′]− δI ′′ ·W
≤ 0 ⇐⇒ ω ≥ 0.

While the allocation of workforce between on-site and remote work says nothing about the weight put

on workers’ welfare, the reaction to the news about a vaccine is more informative: ceteris paribus, managers

will expand the scope of teleworking agreements if and only if they put a strictly positive weight on their

workers’ welfare.

3 New safety protocols

Suppose the management is learning about the effectiveness of the new health safety protocols. They

understand that different tasks yield different probability of getting infected, and they know s(x). They also

understand that s̃(x) = p · s(x). However, they believe that p is an unknown but fixed parameter, rather

than a variable that depends on the fraction of workers on-site. In other words, they do not understand the

Lucas’ Critique.

Let ŝx∗ be the unbiased estimate of s̃(x) in the early months of the pandemic, obtained in the environment

with fraction x∗ working in-person, implying that for every x we have ŝx∗(x) = s̃(x) = x∗ · s(x). After
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observing Ix∗ number of infections at workplace in the early months of the pandemic, the management

estimates p to be:

p̂ =
Ix∗∫ x∗

0
s(x)dx

= x∗

They now believe that

Î(x∗) = p̂ ·
∫ x∗

0

s(x)dx, ⇒ Î ′(x∗) = p̂ · s(x∗) <
∫ x∗

0

s(x)dx+ x∗ · s(x∗) = I ′(x∗)

To abstract from inter-temporal considerations, suppose the management simply maximizes current payoff:

max
x∗

Y (x∗)− h (I(x∗))

Suppose x∗ was chosen in the optimal manner, i.e. it satisfies:

Y ′(x∗)− h′ (I(x∗)) ·

[∫ x∗

0

s(x)dx+ x∗ · s(x∗)

]
= 0

However, in the eyes of the management we have:

Y ′(x∗)− h′ (I(x∗)) · [p̂ · s(x∗)] > 0

Hence, the management wants to reduce the scope of teleworking agreements below its optimal level.

4 Conclusions

Economic theory tells us that upon the news of upcoming vaccine, policymakers should impose stricter

lockdowns (Rothert, 2021) rather than ease them. This paper brought that intuition to a micro-level of a

single establishment and its decision of allocating workers between those who can and cannot complete their

work remotely.

The model makes a strong prediction - it is never optimal for an institution to reduce the scope of

teleworking arrangements when the vaccine is on the horizon. The key assumption is that the functions s(x)

and f(x) remain unchanged. Of course, it is possible an institution develops special health safety protocols

that would shift the whole schedule s(x) down, thereby reducing the infection risk. The institution may

also learn how each task x is affected by teleworking agreements, so its perception of the function f(x)

may change. If changes in s(x) and f(x) coincide with the vaccine roll-out, some companies may start

bringing their workforce back on-site while waiting for the vaccine. As long as changes in s(x) and f(x) are
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uncorrelated with the variation in ω’s across employers (at least conditionally on observable characteristics,

such as industry), a study that would incorporate some measure of employee’s perception of managements

welfare weights and changes in teleworking agreements around the time of ongoing vaccine roll-out could

provide a test of the theory laid out in this paper.

Vaccine is the light at the end of the tunnel during a pandemic. That light also provides a clearer picture

of employers’ priorities: companies that place higher weight on their workforce welfare are more likely to

expand their teleworking agreements when vaccine is on the horizon. Until all workforce is vaccinated,

the return to office space should be slow and gradual, even if the employer developed special health safety

protocols that appear effective. That effectiveness is necessarily evaluated with a given fraction of workforce

teleworking. When that fraction is reduced the effectiveness may reduce as well, as we know from Lucas’

Critique. Managers who do not take that into account will end up bringing people, who should keep

teleworking, back on-site.
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