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The Effect of Remote Work on Firm Level Productivity

Abstract

This paper investigates the impact of remote work on firm-level productivity. To observe this trend, we
develop a theoretical model to understand how an economy performs. We consider the economy as a
collection of firms in an attempt to maximize profit. By observing a firms profit function, we are able to
derive their productivity by maximizing a representative firm's profit function. For simplicity purposes, this
study treats labor as the only factor of production to focus solely on how changes in the number of
remote workers impact productivity. We ultimately find that productivity increases when the number of
remote workers increases relative to non-remote workers. This holds true under the stipulation that
remote workers are paid higher wages than non-remote workers.
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Abstract

This paper investigates the impact of remote work on firm-level
productivity. To observe this trend, we develop a theoretical model to understand
how an economy performs. We consider the economy as a collection of firms in
an attempt to maximize profit. By observing a firms profit function, we are able to
derive their productivity by maximizing a representative firm’s profit function.
For simplicity purposes, this study treats labor as the only factor of production to
focus solely on how changes in the number of remote workers impact
productivity. We ultimately find that productivity increases when the number of
remote workers increases relative to non-remote workers. This holds true under
the stipulation that remote workers are paid higher wages than non-remote

workers.
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1. Introduction
A recent shift towards remote work has made it increasingly more important

for researchers to understand how the economy is being affected. This paper
observes the impact of remote work on productivity with theoretical analysis.
Furthermore, we look at how wages paid to remote and non-remote workers
influence a firm’s productivity. The growing presence of remote work around the
world was accelerated in March of 2020 when the Coronavirus disease 19 (Covid-
19) struck the United States with force.

The U.S. reported its first confirmed case of Covid-19 on January 20,
2020, with the first reported death occurring about a month later. The positive
case count exceeded to a total of 60 cases across 12 different states by March 3.
Between March 11% to March 19", the World Health Organization declared
Covid-19 a worldwide pandemic, the U.S. declared a nationwide emergency,
public school systems began shutting down, and states began issuing mandatory
stay-at-home orders. By April 10%, 2020, over 500,000 cases were reported in the
U.S. alone, with the death count exceeding 18,600 (Center for Disease Control
and Prevention, 2022).

Not only did the Covid-19 pandemic have significant immediate health
effects, but it also seriously impacted employment. From mid-March to the end of
April, over 26.5 million people in the U.S. became unemployed. By May 9,

unemployment rates reached their highest levels since the Great Depression at
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14.7% and roughly 20.5 million workers from the Arts, Entertainment, and
Recreation industry were out of work (Center for Disease Control and Prevention,
2022). Between issued stay-at-home orders and a spike in unemployment rates,
not only were many people looking to minimize spending, but there was also little
to spend money on. Travel was heavily restricted, many non-essential businesses
were temporarily shut down, and people overall were scared to go out in public
and risk exposure.

This major demand shock was brought on by the combination of stay-at-
home orders and Covid cases. Stay-at-home orders forced many individuals to
make a shift to remote work where possible. In 2021, about 17.9% of Americans
were primarily working from home. This number tripled since 2019 when roughly
only 5.7% of Americans primarily worked from home. The percentage of
individuals working from home varied greatly by region with upwards of 48.3%
of workers in the District of Columbia working remotely (US Census Bureau,
2022). Thus, remote work not only has grown in response to the Covid-19
pandemic, but it is still heavily prevalent across the United States. It is essential to
understand if this recent movement towards remote work has an impact on
productivity.

This paper is unique from most other in the way it develops a theoretical
model to study how an economy performs. More specifically, it attempts to

understand the impact of remote work on productivity. To do so, we consider the
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economy as a collection of firms with an attempt to maximize its profit function,
shown in Equation 3. Maximizing profit allows us to find out the optimal number
of remote and non-remote workers. This value can then be substituted into the
model for output, shown in Equations 5 and 6. By dividing this output model by
workers in the labor force, I generate a model for productivity which is further
analyzed to answer the research question. In doing so, this study ultimately finds
that when the ratio of remote to non-remote workers increases, firm productivity
is positively impacted. Conversely, if this ratio decreases, meaning the number of
remote workers is declining with respect to non-remote workers, then productivity
is negatively impacted.

Section 2 of this paper dives into relevant literature, followed by the
development of the theoretical model in Section 3. Results and a discussion of
results from the modeling section are covered in Section 4, with concluding

remarks included in Section 5.

2. Literature Review

The urgent need to adjust to working throughout a pandemic ultimately
shifted how people worked, whether it be at limited capacity in the grocery store
or at home with a house full of children. Workers adapted and found ways to
work under the new circumstances. In some studies, work from home (WFH) has

been found to improve work performance, in addition to increasing job
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satisfaction (Bloom et al., 2022). In this study by Bloom et al. researchers use data
on employee’s six-month performance review in conjunction with promotion
rates for engineers and finance and marketing employees at a technology firm.
Bloom et al. found that when employees worked from home a couple days per
week, they reported 33% less attrition and higher levels of job satisfaction.
Researchers subsequently found that non-managers were not only more likely to
volunteer for remote work, but also to report experiencing positive productivity
impacts. Managers on the other hand, were found to be less likely to volunteer for
remote work and to be more likely to quit their job when asked to work remotely.
Since managers are responsible for the oversight of their employees, it appears
reasonable to conclude that they would prefer working in closer proximity to their
workers.

LA study by Morikawa (2020) found contradictory evidence that average
productivity from home was lower than that in the office. In this study, Morikawa
used data from a survey in June of 2020 on prevalence, frequency, and
productivity of work from home. Morikawa ultimately finds that the average
productivity when working from home was roughly 60-70% of normal, in-office
productivity levels. Furthermore, he finds that productivity was even lower for
workers that only started working remotely after the pandemic had begun.

Another by Felstead and Rueschke (2020) found that there was little impact at

all of WFH on productivity. When conducting their research, Felstead and
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Rueschke look at data from a report that observes at-home work before and
during the lockdown in the UK. Results from a survey described in the data set
includes individuals reported levels of productivity in comparison to before they
made the shift to remote work. This survey found conflicting evidence with
40.9% reporting getting as much work done at home, 28.9% reporting getting
more done, and 30.2% reporting getting less done. These conflicting findings are
likely explained by the wide range of occupations included.

A study performed by Kitagawa et al. (2021) uses empirical analysis to
observe whether productivity changed for workers that had to WFH because of
the Pandemic. They observe changes in productivity levels, similar to what is
done in this study. Some key differences between this paper and mine are its
empirical nature and the unit of study being individual vs. firm. The study used
self-reported data from a manufacturing company in Japan which may largely
contribute to the results. Kitagawa et al.[ find that workers working from home
reported declines in productivity, largely due to poor office set up and internet
connection. This data was collected in April and June of 2020, likely before
workers had chances to upgrade their office set up at home.

LMany papers, such as those by Bloom et al. (2020), Morikawa (2020),
Felstead and Rueschke (2020), and Kitagawa (2021), }that look at working from
home and productivity levels take an empirical approach. LA study by Zhang et al.

(2021) takes both an empirical and theoretical approach to understanding when
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firm choose to WFH, setting it apart from many other studies. In their empirical
analysis, researchers use a data set that follows small businesses and their
performance. In this analysis, Zhang et al. find that WFH rates increased even
after stay-at-home orders were no longer in place. Therefore, even after workers
were permitted to return to the office, working preferences shifted. This further
emphasizes the importance of understanding any changes in productivity that may
result. More relevant to this study, they also find that rational employers would
select to WFH as opposed to work in the office. Furthermore, in states with higher
WFH rates, [small businesses performed better overall (after controlling for
various factors).

While this paper also takes a theoretical approach, the two are done very
differently and reach different conclusions. In Zhang et al.’s theoretical analysis,
they predict that firms would choose to allow WFH if the ratio of variable revenue
to cost is greater in WFH setting than in a standard office setting. Thus, their
model uses a firm-revenue expense accounting framework, considering four key
factors of production (labor, capital, land, and entrepreneurship). In this paper I
simplify my analysis by looking at just one factor of production, labor. My major
finding is consistent with the wage efficiency theory which indicates that in hiring
more remote workers, firms tend to improve their productivity. This largely
occurs because remote workers become more productive when paid better wages

than non-remote workers.
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3. Modeling

To study how remote working affects productivity, I consider an economy
that consists of a collection of firms. Each firm is assumed to be homogenous
with an attempt to maximize its profit. For simplicity, a representative firm is
assumed to produce by only relying on one production factor — labor. Labor is
further divided up into two types, including labor provided by remote workers and
non-remote workers, as noted in Equations 1 and 7. The firm then adopts
technology to combine these two types of labor to produce.

As stated by basic economic theory, a firm’s profit is defined as the
difference between total revenue and total cost. Thus, to formulate a profit
function, I look at how much total revenue and total cost the representative firm
earns and incurs, respectively.

Total revenue is defined in economics as the product of price and quantity.
Equation 1 below represents total revenue as a function of average price level (P;)
and quantity produced, or output (Y;). Output in this model is measured by a
Cobb-Douglass production function with inputs (L,; and L,;) and technology
(Ay), defined in Equation 5 below. § and § are elasticities of output while L, and
L,, are the number of remote and non-remote workers, respectively. For
simplicity purposes, the model used in this paper does not consider capital as a
factor of production. Rather, the model focuses solely on the impact of changes in

number of remote and non-remote workers on profit and, ultimately, on

62



productivity. The exponents of § and § represent elasticity of output with respect
to each group of workers.
TR = PAJLE LS, (1)
where Li; = number of remote workers
Ly, = number of non — remote workers
P, = average price of all goods and services produced
A, = total factor productivty
As previously indicated, the models observed in this paper only consider
labor as a factor of production. Thus, total costs is a function of workers’ wages
and number of workers. The products of W and T below show the product of
number of remote and non-remote workers and their respective wages. The sum
of these products gives us our total cost equation below.
TC = Wilye + WaLlye (2)
where W; = wages paid to remote workers
W, = wages paid to non — remote workers
Putting together the equations for total revenue and total cost, we reach
Equation 3 below, which models the nation’s profit. The constraint on equation 3
denotes a as the ratio between the number of remote and non-remote workers.
Ultimately this constraint indicates that as the workforce transitions between

remote and non-remote work, profits vary as well.
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maxTl, = PALE 1S, — WyLy, — WyLy, (3)

L
st.Xt=a > Ly =aly
Lot

After substituting L, into the above profit function, using first order
conditions with respect to Ly, and solving for L,,, we reach the following. See

appendix for more detailed steps.

1
. aW;+Wy B+8-1
2t — ((B+5)PtAta5) S

As previously noted, output (Y;) is modeled in a Cobb-Douglass
production function. Keeping in mind that L,; = aL,;, L}; can be substituted into
the equation for output. Upon doing so, we derive the following equations.

Yy = AR 1S, - Y7 = AaPLE? (5)

1 p+8

* B aWy+W, B+6-1
¥ = A ((/3+6)PtAtaﬁ) (©)

The Bureau of Labor Statistics defines productivity as output divided by
input. Therefore, we can calculate productivity as demonstrated in Equation 7
below. This is further simplified in equation 8. As previously mentioned, this
paper does not consider capital as a factor of production for both the sake of the
research question and simplicity. Thus, L; represents total input or total number of

workers in the economy and thus is the sum Lq; and L.

Y;
y;‘ = L—t,where Lt = L1t + L2t (7)
t
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After dividing Y; by L, and simplifying, Equation 8 is reached. See

appendix for more detailed steps.

* (OZZV:;)V::) * lZW1+W2 ( )
Ye = (a+1) Yt = Beo)arp,

Since this productivity, y{, equation is a function of a, we can take the
partial derivative with respect to a to determine how productivity varies with
changes in the ratio of the number of remote to non-remote workers. We use
comparative statistical analysis, holding exogenous variables constant and
allowing « to vary. In doing so, we can understand how a changing a changes
with productivity, y;. After performing the derivation, Equation 9 is reached. See

appendix for further steps.

i _ 1 _
da ~ (B+6)Pr(a+1)? Wy —W2) )

This equation demonstrates the relationship between a and productivity,
y¢. By observing this relationship between productivity and the ratio between
remote and non-remote workers, we are able to understand how a changing ratio

impacts productivity. This model will be further interpreted in section 1.4 below.

4. Results and Discussion
. . ay; ..
As can be seen in Equation 9, % takes on positive values for all W; >

W,. This is determined by analyzing the values of each component of the

function. The values of 8 and & represent output elasticities and thus, are assumed
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to be positive. These values are summed and multiplied by P;, which represents
price level which must be positive. These values are further multiplied by the sum
of a and 1 squared. Since « is the ratio between two populations of workers, it too

must be positive. While this product is in the denominator, the value does not

change. Therefore, since > 0, the value of % depends solely on W;

and W,.

So, if the wages paid to remote workers is higher than the wages paid to
non-remote workers, then changes in productivity will be positive. Tl"his positive
value indicates that as the number of remote workers increases, relative to non-
remote workers, productivity will also increase. Conversely, if the number of
remote workers decrease, relative to non-remote workers, productivity will also
decrease. This positive relation between productivity and remote work falls in line
with the findings from Bloom et al.’s empirical analysis (2022).

These results are consistent with the efficiency wage theory. Essentially,
this theory states that firms are willing to pay individuals higher wages to retain
workers and will make them less likely not to work (Shapiro and Stiglitz, 1984).
If workers are paid more, then they are motivated to work harder to maintain their
jobs. Thus, as proven in this paper, higher wages paid to workers are positively
associated with productivity. The theory further acknowledges that with higher

wages paid to workers, there is less of a need to closely monitor workers (Shapiro
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and Stiglitz, 1984). When employees work remotely, there is inherently less
supervision. By paying remote workers higher wages, firms can ensure that their
employees are worker harder than they would if they were paid less.

These findings only hold true if Wj is in fact greater than W,. Since the
onset of the pandemic, highly educated and high-income workers were more
likely to maintain their job and to work remotely (Bick et al., 2020 & Dingel and
Neiman, 2020). Thus, it is likely those remote workers categorized by L, earn
wages higher than non-remote workers categorized by L,,. In other words, it is

likely that W, > W,.
If W; < W, then the value of % takes on negative values. This means

that if non-remote workers are paid higher wages than remote workers,
productivity would decrease. If remote workers are typically more highly
educated than non-remote workers, then they may become discouraged from
working their lower paying jobs. Rather, they would be incentivized to leave their
current role in remote work and take an in-person job to be paid higher wages, all

else equal. In doing so, the productivity of the firm would be negatively impacted.

5. Conclusion
In this study I find that hiring more remote workers will lead to higher
firm productivity. Conversely, the study also finds that hiring more remote

workers will lead productivity to decline instead. However, a study by Bick et al.
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(2020) found that higher paid workers are more likely to work remotely. Thus, it
is plausible to conclude that it is likely for remote wages to be higher than non-
remote wages.

This paper contributes to prior literature in its theoretical nature. Previous
studies, such as those by Felstead and Rueschke (2020), Kitagawa et al. (2021),
Morikawa (2020), and Hipp and Biinning (2020), all take an empirical approach
to observing productivity levels during the pandemic. A study by Zhang et al.
(2020) used both a theoretical and empirical approach to observe when firms
select to WFH. While they used theory, the results focused on whether employers
choose WFH or work in an office setting as opposed to how differing wages
influence productivity.

The findings of this study have important implications for firms. We prove
that if firms pay wages to remote workers that are higher than those paid to non-
remote workers, then productivity will increase. Thus, if firms are aware of these
results, they can offer higher wages to employees to work from home. In doing
so, they incentivize workers to work harder while unsupervised to maintain their
job. This is consistent with the efficiency wage theory that paying higher wages
increases the opportunity cost of to not working (Bowles, 1981 and Eaton and

White, 1982).
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7. Appendix
The below equation is reached after substituting L, into Equation 3 in
section 1.3.
maxIl, = P,A.aPLEY? — Ly (aWy + W)
From here, the first order condition is derived with respect to L,; below.

This equation is then used in section 1.3 to solve for L3,.
::Li = (ﬁ + 6)PtAta‘BLl2;:-6_1 - (an + Wz) = 0
2t

Below shows the steps to get from Equation 7 to 8. Here, Y; is divided by
L, which is rewritten as a function of L,; and a.
Lt el aLZt + LZL’

Ly =Ly (a+1)

1
_ awy+W, )B+6—1
L= ((B+5)PtAta5 (@+1)
L B+s
B(_awi+Wy \B+&-1
At ((B+6)PtAtaB)

e

1
( aw1+Wo )ﬁ+5—1((1+1)
(B+8)PrAaP
1 B+s-1
aw1+Wo )B+8—1
(B+8)PrAraP
(a+1)

N Ata5<

Ve =

B( aw1+Wo )
5 \(grorpearal
(a+1)

Ve =
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Below we walk through the steps to reach Equation 9. To do so, the
derivative of the productivity equation (8) is taken with respect to a to show how
a changing ratio of remote to non-remote workers will impact productivity.
dy; =L( wy )+aW1+W2( -1 )
da  a+1 \(B+6)P; (B+8)P; \(a+1)?

dy; W (—a 1) W,

de  (B+O)P \(@+D? | a+1)  (B+6)P(at1)?
dy; _ _ W ( 1 ) _ W,
da (B+6)P: \(a+1)? (B+8)Pr(a+1)2
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