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Abstract 

 
The impact that remote work has on productivity is a topic that reveals to be ambiguous in the 

existing literature, depending on the universe that is being considered, as well as the 

circumstances. Analyzing data at the country-level for 16 different European Union countries, 

with the use of country fixed effects to access what is, in fact, the impact that remote work has 

on productivity, our results indicate that working from home enhances productivity, both for 

workers and firms. However, with the fast increase in the percentage of people usually working 

from home during the COVID-19 pandemic, we also took conclusions about the influence that 

these circumstances had on the effect that remote work has on productivity. Our results from 

both of our models show that this impact decreased during 2020 and 2021, years when there 

were strict lockdown periods for the population. 
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Resumo 

 
O impacto que o trabalho remoto tem na produtividade é um tópico que revela ser ambíguo 

na literatura existente acerca do mesmo, dependendo do universo considerado, bem como das 

circunstâncias associadas. Ao analisar dados de 16 países diferentes pertencentes à União 

Europeia, utilizando “country fixed effects” para endereçar qual o efeito que o trabalho 

remoto exerce na produtividade, os nossos resultados revelam que, efetivamente, trabalhar 

por casa potencia a produtividade, tanto a de trabalhadores como a de empresas. Contudo, 

com o rápido aumento da percentagem de pessoas que normalmente trabalham remotamente 

durante a pandemia do COVID-19, nós decidimos retirar algumas conclusões acerca da 

influência que esse período exerceu no efeito que o trabalho remoto tem na produtividade. Os 

nossos resultados mostram, em ambos os nossos modelos, que este impacto diminuiu durante 

2020 e 2021, anos onde houve períodos de quarentena para toda a população. 
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1 Introduction 

Remote work was subjected to a lot of changes and it grew a lot within the last couple 

of years, especially after COVID-19. Essentially, during this time span and with the necessity 

of remaining at home for certain periods of time, there was an increase in the use of technology 

tools to cope with working and studying. Thanks to these tools and advances in technology, 

people were able to work from home to compensate the productivity levels, while keeping 

themselves and society protected from the virus. 

So many things shifted after the pandemic, with the majority of firms changing the work 

arrangements from on-site to hybrid models of working. Under a hybrid work system, 

employees are supposed to work from home some days of the week and at the office on the 

remaining days. This shift led firms to adjust their expectations because if their employees are 

working from home, they cannot track the work that is done or the exact amount of time people 

are really working. Because of this lack of control, firms and employers would rather focus on 

specific goals and KPIs, instead of actual hours of work.  

All these changes in the work arrangements brought more flexibility to the work 

system, allowing workers to have a better work-life balance, which is associated with well-

being, and, consequently, productivity boosts. 

Our motivation to make a study about this topic arises from the huge changes that the 

labour market suffered in this last couple of years. Because the literature about this topic is not 

consistent, with some authors affirming that working from home boosts productivity, and others 

stating that the relationship between the two is in fact nagative, we wanted to take our own 

conclusions and see if in some countries of the european union, working from home boosts or 

not productivity. 

So the main question we ask ourselves is “Does remote work increase workers and 

firms productivity?”. In order to answer this question we used data from 16 different european 

union countries from official statistics: Pordata, Word Bank, ILO, and Eurostat. Our datasets 

are panel data with information about each one of the 16 countries for a 17 year span, that goes 

from 2006 to 2022, inclusive.  

We believe our study will contribute to the existing literature, because the great majority 

of studies made about this topic focus their attention at some specific firms from specific 

countries, with the use of survey data. Our study broadens this point of view by using official 

statistics, and by focusing its analysis at the country-level, with the inclusion of 16 different 

european union countries. The fact that we don’t focus on survey data gives more reliability to 
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our results, and allows us to give some new insights to the literature about european union 

countries. Although our data is not too extended, we performed robustness tests and used 

clustered standard errors to enforce even more the reliability of our results. 

After collecting the data, we constructed two models, model (1) to estimate the impact 

of usually working from home on workers’ productivity, and model (2) to estimate the impact 

of usually working from home on firms’ productivity. Our first model was inspired by the 

literature of S.S. Deole et al., (2022). Here, we tried to include proxy variables for the control 

variables they use, in order to understand the impact that working from home has on 

productivity, measured by labour productivity per hour worked. To be able to perceive that, we 

controlled for individual characteristics, also including the income earned. In turn, our second 

model was inspired by the literature written by Monteiro et al., (2019). With the use of a 

normalized production function, we tried to take conclusions about the impact that working 

from home has on productivity, measured by the output per hour worked. In our model, we 

made a proxy of some of the control variables used by Monteiro et al., (2019), adapting to our 

reality and data, which differs from theirs. We controlled for ICT diffusion in the countries in 

general, including the internet usage, and we also controlled for manegerial practices. Besides, 

we also took into account workforce characteristics, and product market competition. 

After estimating our models with the use of  a fixed effects model, we concluded that, 

in fact, an increase in one percentage point of people usually working from home is associated 

with an increase in productivity by, 0.8% in the first model, and 0.7% in the second model, on 

average, across all countries, after accounting for country-specific effects. 

Our work is organized in the following way: In section 2, we review relevant papers 

that were already made about the topic, highlighting the data they use, their methods, and their 

main conclusions. Then, in section 3, we explain our data in detail, as well as the empirical 

strategies we used. Furthermore, in section 4, we exploit our results, with the inclusion of 

robustness tests, and some extentions related with the COVID-19 pandemic. Lastly, in section 

5, we finish our study with the inclusion of some final remarks.  

 

2 Literature Review 

A lot of studies were conducted to understand how remote work changed with COVID-

19 and what were the implications of it in the labour organization, in terms of work regimes.  

Additionally, many authors decided to study what is effectively the impact of remote work on 

firms and workers’ performance, in various countries around the world, without focusing their 
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analysis on the pandemic. Besides, many of them also tried to study the impact of this new 

work regime on the productivity of different sectors of activity. The majority of these studies 

were based on surveys collected to understand the pros and cons of remote work and how does 

it affect the performance at work. 

 

2.1 Remote Work and COVID-19 

J. Scott Marcus., (2022) studied the impact of the Covid-19 pandemic on remote work 

practices, particularly in developed countries. By using data from different surveys, the author 

concluded that the pandemic had a significant impact on the increase of remote work adoption, 

especially among educated workers. He states that although the necessary technology for 

remote work had been available before the pandemic, the restrictions and cepticism of 

employers limited the adoption of remote work regimes. The hybrid regime is the one adopted 

by the majority of the companies, where workers split their time between working at the office 

and working from home.  

Furthermore, Boutros et al., (2023) examined the impact of remote work on firm 

performance specifically during the Covid-19 pandemic. To analyse it, they used a cross-

sectional dataset from World Bank Entreprise Surveys (WBES), focusing on some Middle East 

and North African countries. However, due to the extreme effects that the pandemic had on 

Jordan and Morocco, they focused their attention on these two countries. Based on an ordered 

probit model, they used the propensity score matching method to address some potential 

selection bias and establish a causal relationship. They discovered that by starting to work 

remotely during the pandemic, firms’ productivity increased by 0.472 percentage points. They 

also found that the impact of remote work on productivity was positive either in Jordan or in 

Morocco. However, only in Morocco, was this result revealed to be statistically significant.  

Additionally, Matteo Sostero et al., (2023) studied the potential for teleworkability 

across European Union countries. By using various surveys to collect information about tasks, 

skills, organizational characteristics of occupations at a 5-digit level, work conditions and the 

prevalence of remote work during and after the pandemic, in general, they concluded that 36% 

of dependent employment in the EU has the possibility to provide remote work conditions. 

Besides, they also found that, before the pandemic, less than 5% of workers usually worked 

remotely and 10% did it only sometimes. Besides, they concluded that although the pandemic 

contributed to the exponential increase of remote work, once restrictions were over a lot of 

workers returned to in-office work. This suggests that the technological limits that occurred 
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before the pandemic, kept having an impact on the adoption of remote work after the pandemic 

period. 

 

2.2 Remote Work and Productivity 

  In the literature there are a lot of studies about this topic, with some of them focusing 

on the impact of working from home and remote work on firms’ productivity, while others 

explore this impact on workers’ productivity. Furthermore, there are also a bunch of cases 

where the authors highlight the changes in working from home and productivity due to the 

mandatory lockdowns in 2020, caused by the COVID-19 pandemic, as we refered previously. 

 

2.2.1 Remote Work and Firms Productivtity 

Bloom et al., (2015) studied the impact of working from home on employee 

performance in China, using the difference in differences method. This method was applied to 

996 employees who work at Ctrip’s Shangai call center and the overall experiment occurred 

for 9 months. This universe of people allowed them to divide the people in two different groups 

in a random way: treatment and control groups. By doing it, they noticed that employees 

working from home revealed an increase of 13% in their performance, due to a rise in the 

number of minutes worked per shift and an increase in calls per minute. However, there was 

no difference found between the quality of the jobs of those who worked from home and those 

who were office-based. Additionally, their job satisfaction increased by 50% and the firm 

reduced their costs. Although there were a lot of positive aspects, the study also concluded that 

those who were in the treatment group and were working from home suffered from a reduction 

in promotion rates, compared to those who were office-based.  

Another study that was conducted by Allen et al., (2015) studied the effectiveness of 

telecommuting using various sources of data from surveys, company records and experimental 

data. They found that workers who teleworked increased their productivity and job satisfaction, 

which led to an increase in the retention rates in the company. Besides, firms also increased 

their productivity and profitability. 

Additionally, Monteiro et al., (2019) investigated the impact of working from home on 

firms productivity. To perform this, they used firm-level data from Portugal from the 

Community Survey on ICT Usage and E-Commerce in Enterprises from 2011 to 2016, 

establishing a relationship with data from the Portuguese Integrated Business Accounts System. 

Furthermore, they used a Cobb-Douglas production function to incorporate the data and 
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estimate some results. Those conclusions consisted of a negative average effect of remote work 

on productivity, with firms that have more skilled workers being able to take some positive 

aspects from remote work while those firms with more low-skilled workers were only able to 

see a negative impact on productivity, resulting from working from home. 

Besides, Sharma et al., (2023) investigated the relationship between remote work 

outcomes and firm’s performance, using empirical data from 128 IT professionals and applying 

multiple regression analysis. They found that remote work is extremely effective and enhances 

firm’s productivity, only if the firm guarantees a bunch of materials that workers need to 

perform online. 

 

2.2.2 Remote Work and Workers Productivity 

Sumit S. Deole et al., (2022) explored the link between working from home and 

employees’ performance during the COVID-19 pandemic in the UK. With the usage of 

representative data and the application of OLS, they concluded that the increase in work from 

home is positively related with employees’ self-reported hourly productivity. Besides, they also 

showed that the variations in the frequency of work from home weren’t associated with the 

number of hours worked per week. Additionally, they also revealed  that females were more 

productive with the possibility of more flexible work arrangements, while males were more 

productive on-site. 

Furthermore, Etheridge et al., (2020) studied the relations between workers’ 

productivity during lockdown and working from home. In this paper, they used the Covid-19 

module from the UK Household Longitudinal Survey that allowed them the usage of 

representative data on home workers’ self-reported productivity. Their results revealed that, on 

average, respondents stated to be as productive as they were before the lockdown. Besides, 

they showed that sectors of activity where the possibility of remote work was small, revealed 

declines in their productive levels, as well as people with low earnings. 

Moreover, Rupietta et al., (2016) investigated the impact of working from home on 

employees’ productivity. With the use of the German Socio-Economic Panel (SOEP), and, 

consequently, applying an OLS model they found that working from home has a statistically 

significant positive impact on workers’ effort. More precisely, they concluded that the more 

workers work from home, the higher their work effort and, consequently, productivity. 
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2.3 Hypothesis development 

Hypothesis 1:  Remote Work has a positive impact on workers productivity 

In the crossover1 blog, there is an article written to understand “How is Remote Work 

Changing the Workforce?”. In there, they state that remote work increases productivity and 

engagement. The authors have found that 81% of the employees who work in a hybrid2 regime, 

78% of employees who work in a full remote regime, and 72% of on-site employees reveal to 

be highly engaged. Although they state that remote work is associated with boosts in 

productivity, they have to be acompanied by well structured technological infrastures. If 

employees have the access to the right materials and tools, the probability of they being 

engaged is 2 times higher. 

 

Hypothesis 2:  Working from home brings more benefits than costs, either for workers and 

firms 

  Nicole F. Church published a paper on the International Journal of Business and 

Economic Development, which consisted in what were the benefits of working fom home. On 

one hand, she concluded that the major benefits consisted in an increase in productivity, once 

the time that workers spend on travels to go to work can be used to do more work, and a 

decrease in sick days, once people could stay at home and recover properly, while working. 

Additionally, people could save costs because they don’t have to invest in clothes and other 

accessories, if they are staying at home most of the week days, they also save time and travel 

costs decrease. On the other hand, there are some costs related with working from home, such 

as the managers perceptions, because when people work from home managers cannot witness 

their productivity, and, consequently start loosing visibility. Another cost is related with the 

lack of face-to face contact between coworkers, and the possible lack of self-discipline, because 

at home people might tend to get distracted by things that they enjoy doing.  

 As reported in Ajay K. Garg et al., (2015), who studied the benefits and costs of 

employees working from home, by focusing their attention in a private company in South 

Africa, firms also save costs, in terms of infrastructure, electricity, water, air-condicioner, 

internet devices, cleaning ladies and security. 

 
1 Crossover is a human resources company which helps people to get a remote job opportunity. 

2 Hybrid work regime is the possibility of work remotely and on-site, while following the company’s working 

rules. 
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3 Data and Variables 

The data that was used consists in two different panel datasets, one to estimate the 

impact of working from home on the productivity of employees in 16 different european 

countries, which belong to the european union, and the other to estimate the impact of working 

from home on firms’ performance, also from the same 16 european countries mentioned 

previously. Once both datasets have the same unique country identifiers, it is possible to outline 

countries over time and execute a panel data analysis. 

The data was collected from different sources, including Eurostat, World Bank, 

International Labour Organization, and Pordata. However, when there was data missing on 

some countries in specific years, we searched for those values in official statistics sites from 

those countries. Furthermore, the time span of the main analysis goes from 2006 to 2022, in 

order to understand the trends of remote work and productivity before the COVID-19 pandemic 

and in the short-run after it. 

The first dataset to estimate the impact of working from home on workers’ performance, 

besides including data about productivity, measured by the labour productivity per hour 

worked, that correponds to the ratio between GDP in euros at current prices in the calendar 

year and the number of hours worked in the calendar year, and remote work, also has some 

variables to control for workers demographic characteristics. These include the residence 

status, the number of children, the urban population, and the educational level. Furthermore, a 

control variable for the income was also used. 

The second dataset to estimate the impact of working from home on firms’ productivity, 

measured by the output per hour worked, also has some variables to control for observable 

characteristics of the firms from different countries. These include the control for ICT diffusion 

in the countries in general, considering the internet usage, and the control for manegerial 

practices as the share of part-time workers. Furthermore, to control for workforce 

characteristics, the share of male workers, the total amount of people working in research and 

development activities, and the average levels of development associated with the skills of the 

firms workforce. Additionally, to also control for market competition a variable representing 

the exposure to international trade is also considered. 

The 16 different european union countries are essential to the identification of the 

empirical strategy, relying on the estimation of fixed effects models. 

In the empirical analysis, there is not a distinction between firms size or firms industry, 

once the goal is to elaborate these analysis and take conclusions for the countries as a whole. 
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Besides, the data we use is not directly related with specific information about firms, however, 

we use data at the country level in order to proxy for that reality. 

 

3.1 Descriptive Statistics 

In tables 1 and 2, there are represented the descriptive statistics for each dataset, where 

it is included the mean, median and standard deviation of the variables for all the 16 countries 

being analysed, and for the time period being considered, 2006 to 2022. 

 

3.1.1 Descriptive statistics across Country and Time 

Table 1 - Descriptive statistics from workers dataset 

Variables Mean Median sd 

WFH3 4.39 2.85 4.56 

Productivity4 34.81 30.25 20.45 

College 30.29 30.70 8.82 

Urban Population 70.15 68.47 9.37 

1 Child 677.20 260.45 761.64 

2 Children 658.17 238.30 738.03 

3 or More Children 233.23 105.85 276.87 

Income 13736.43 12981 7433.12 

Living with a partner 4371.46 1700.80 5520.39 

 

The mean of productivity across all countries and years is 34.81 and the median is 

30.25. So the difference between the two is not too significant. The standard deviation of this 

variable is 20.45, indicating some variability of the data. Besides, on average, across all 

countries and years, the percentage of employees usually working from home is 4.39%, and 

the median 2.85%, values that are relatively close to each other. The standard deviation is 4.56, 

indicating small variability of the data of this variable, across countries and years. 

 Additionally, on average, around 30% of the population has a college degree and around 

70% lives in urban areas, accounting for a 17 years period, and considering 16 countries. 

 

Table 2 - Descriptive statistics from Firms dataset 

Variables Mean Median sd 

Productivity5 51.9 47.53 18.92 

Workers involved in R&D 129 188.9 56 555 173 494 

 
3 Percentage of employees usually working from home as a percentage of total employment. 

4 Labor productivity per hour worked (euros). 

5 Output per hour worked (GDP constant 2017 international $ at PPP). 
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Percentage Using Internet 75.69 78.25 13.42 

WFH6 6.69 5.2 4.6 

Share male workers 71.46 72 5.32 

Average wage 299 654.4 100 712.6 443 271.1 

Trade 111.12 103.01 42.87 

Gross capital formation 1.514437e+11 5.692954e+10 2.056828e+11 

Employment7 9 600.64 4 108.6 11 395.09 

Part time 13.74 11.9 7.28 

 

The mean of the output per hour worked is 51.9, and the median 47.53, so this variable 

might be slightly positively skewed. The standard deviation is relativelly high, indicating great 

variability of the data. In terms of WFH the mean is 6.69% and the median 5.2%. Besides, the 

standard deviation is 4.6, indicating small variability of the data across countries and years. 

Given these results, we can see that, on average, around 71% of the employment 

corresponds to male workers. Besides, around 76% of the population uses internet, on average, 

and around 14% works part time. 

 

3.1.2 Descriptive statistics by Country 

Table 3 - Descriptive statistics from Workers dataset 

Country Mean WFH Sd WFH 
Mean 

Productivity 
Sd Productivity 

Austria 7.18 3.00 48.84 6.55 

Czechia 1.40 1.24 19.64 3.88 

Denmark 7.88 3.46 67.64 9.22 

Estonia 4.55 3.48 18.42 5.30 

Finland 9.64 6.46 51.33 5.83 

France 7.58 3.24 52.02 4.25 

Germany 3.93 4.72 49.84 6.60 

Hungary 1.42 0.76 15.63 2.23 

Ireland 6.12 9.26 71.34 23.20 

Italy 2.22 2.94 38.89 2.96 

Latvia 1.50 2.58 14.63 4.13 

Lithuania 1.84 1.77 15.27 4.39 

Poland 2.05 1.49 13.15 2.65 

Portugal 4.63 3.98 20.99 2.41 

Slovenia 5.31 0.93 25.33 3.63 

Spain 2.94 2.40 33.98 2.92 

 

 
6 Percentage of employed persons working from home as a percentage of total employment. 

7 Measured in thousand persons. 
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In terms of productivity8, the country with the highest mean, over time, is Ireland and 

with the smallest is Poland. In terms of variability, the standard deviation in Ireland is higher 

than in all of the other countries, 23.20, indicating high variablibility in productivity in this 

country over time. Contrarly to this, Hungary is the one with the smallest standard deviation, 

2.23, leading to the conclusion that productivity levels haven’t varied that much in this country 

between 2006 and 2022. 

Furthermore, the country with the highest average percentage of employees usually 

working from home during the time period being considered is Finland, 9.64% and with the 

smallest is Czechia, 1.40%. Additionally, in terms of standard deviation, the country that shows 

the highest variability in the percentage of people working from home is Ireland, and the 

smallest is registered by Hungary. 

 

Table 4 - Descriptive statistics from Firms dataset 

Country Mean WFH Sd WFH 
Mean 

Productivity 
Sd Productivity 

Austria 11.12 2.36 66.61 3.75 

Czechia 4.02 1.47 40.27 4.12 

Denmark 10.55 3.30 71.62 3.92 

Estonia 6.55 3.42 36.15 4.92 

Finland 13.09 5.61 64.55 2.18 

France 9.87 3.16 65.71 2.52 

Germany 5.83 4.50 62.8 3.59 

Hungary 2.81 0.79 33.77 1.79 

Ireland 9.34 8.46 93.12 24.18 

Italy 4.32 2.39 62.75 0.54 

Latvia 3.48 2.53 30.82 4.59 

Lithuania 3.84 1.76 35.78 5.17 

Poland 4.79 1.46 31.53 4.48 

Portugal 5.72 3.94 39.09 2.4 

Slovenia 6.95 1.42 42.69 3.32 

Spain 4.77 2.30 53.17 2.96 

 

When looking at the productivity levels measured by output per hour worked, it is 

possible to notice that the country with the highest mean between 2006 and 2022 is Ireland and 

with the smallest is Latvia. Moreover, the country with the highest standard deviation in its 

productivity levels is Ireland, indicating high variability of the statistics, fact that has strong 

impact on the mean value. Besides, the country with the smallest variability is Italy. 

Furthermore, the country that, on average, revealed to have the highest percentage of 

employed persons usually working from home is Finland and the smallest percentage registered 

 
8 Represented Labour Productivity per hour worked. 
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belongs to Hungary. The country with the highest variability of this percentage, measured by 

the standard deviation is Ireland and the smallest belongs to Hungary. 

 

3.1.3 Descriptive statistics within Time Period 

Table 5 - Descriptive statistics from Workers dataset 

Time Mean WFH Sd WFH 

Mean 

Productivity Sd Productivity 

2006 2.44 2.22 27.21 16.41 

2007 2.72 2.56 28.74 16.40 

2008 2.78 2.48 29.56 16.14 

2009 2.70 2.55 29.17 16.47 

2010 2.93 2.72 30.37 17.01 

2011 3.31 2.76 31.35 17.29 

2012 3.41 2.74 32.11 17.76 

2013 3.19 2.41 32.64 17.97 

2014 3.11 2.30 33.67 18.58 

2015 3.09 2.31 35.18 20.81 

2016 3.08 2.24 35.58 20.75 

2017 3.22 2.30 37.07 21.36 

2018 3.36 2.33 38.34 21.85 

2019 3.47 2.48 39.65 22.33 

2020 10.41 6.13 41.65 24.97 

2021 12.43 7.40 43.46 26.30 

2022 8.93 6.38 46.29 27.77 

 

Considering the measure of the descriptive statistics within time periods, it is noticeable 

the general increase of both, labour productivity per hour worked and percentage of employees 

usually working from home. This leads to the perception of a possible positive and significant 

relationship between the percentage of employees usually working from home and labour 

productivity per hour worked, on average. 

 

Table 6 - Descriptive statistics from Firms dataset 

Time Mean WFH Sd WFH 

Mean 

Productivity Sd Productivity 

2006 4.68 2.87 45.81 16.48 

2007 4.98 3.25 47.06 16.29 

2008 5.10 3.16 47.18 15.92 

2009 5.13 3.15 47.16 16.18 

2010 5.44 3.28 48.51 16.66 

2011 5.91 3.30 49.36 16.79 

2012 5.94 3.17 49.80 16.72 

2013 5.71 2.89 50.02 16.44 

2014 5.63 2.78 50.65 16.94 

2015 5.58 2.91 52.30 19.23 

2016 5.46 2.83 52.39 18.77 
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2017 5.58 2.78 53.92 19.32 

2018 5.86 2.91 54.78 19.56 

2019 5.94 3.10 55.84 19.54 

2020 12.32 6.15 58.00 22.81 

2021 13.83 7.17 59.64 25.15 

2022 10.65 6.26 59.94 25.68 

 
In this case, considering the percentage of employed persons usually working from 

home and the output per hour worked, as a measure of productivity, we can take similar 

conclusions with both increasing in a paralel way over time, on average. 

4 Methodology 

The first empirical model, to understand the impact of remote work on workers’ 

productivity, is inspired by the literature (e.g., S.S. Deole et al., 2022). So, the following model 

was estimated, 

(1) log(𝑌𝑖𝑡) = 𝛼0 +  𝛼1 𝑊𝐹𝐻_𝑢𝑠𝑢𝑎𝑙𝑙𝑦𝑖𝑡  +  𝛽𝑋′𝑖𝑡 + 𝜖𝑖𝑡 

 

Where 𝑌𝑖𝑡 corresponds to the labour productivity per hour worked. 𝑊𝐹𝐻_𝑢𝑠𝑢𝑎𝑙𝑙𝑦𝑖𝑡 

corresponds to the percentage of employees usually working from home, with ages between 15 

and 64 years old, as a percentage of total employment. 𝑋𝑖𝑡 is a vector included in the regression 

to control for individual characteristics. These correspond to the residence status (the number 

of people living with a partner), the number of children (this considers the number of employed 

persons that have 1, 2, 3 or more children with less than 6 years old), the urban population (the 

percentage of population living in urban areas), the educational level (the percentage of people 

with a college degree). Furthermore, a control variable for the income (mean income before 

social tranfers) was also used. 

The second empirical model, to understand the impact of remote work on firms’ 

productivity, is inspired by the literature (e.g., Monteiro et al., 2019*9), following a normalized 

production function,  

(2) log(𝑌𝑖𝑡) = 𝛼 + 𝛽 log(𝐾𝑖𝑡) +  𝛾𝐿𝑖𝑡 + 𝜃 𝑊𝐹𝐻_𝑢𝑠𝑢𝑎𝑙𝑙𝑦𝑖𝑡  +  𝛿𝑋′𝑖𝑡 + 𝜖𝑖𝑡 

 

Where 𝑌𝑖𝑡 is the output per hour worked, 𝐾𝑖𝑡 is the gross capital formation, and 𝐿𝑖𝑡 is the 

number of employed people. 𝑊𝐹𝐻_𝑢𝑠𝑢𝑎𝑙𝑙𝑦𝑖𝑡 is the percentage of employed persons usually 

 
9 The empirical strategy of their paper follows the literature Bloom et al., 2019, who used a Cobb-Douglas 

production function. 
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working from home, as a percentage of total employment. 𝑋′𝑖𝑡 englobes several observable 

characteristics of the firms in the different countries. These include the control for ICT diffusion 

in the countries in general, including the internet usage, that represents the percentage of 

individuals using internet, and the control for manegerial practices, which are represented by 

the share of part-time workers. Furthermore, to control for workforce characteristics, it was 

considered the share of male workers, the total amount of people working in research and 

development activities, and the average levels of development associated with the skills of the 

firms workforce, which is represented by the average wage that is paid to workers in the 

different countries being considered. Additionally, to also control for product market 

competition, a variable representing the exposure to international trade, which corresponds to 

the the sum of imports and exports as a % of GDP is also considered. 

The empirical strategies that were adopted might be criticized due to some reasons. The 

first is the short length of our panel datasets, once we are making a study at the country-level, 

considering 16 countries and a 17 year time span. Nevertheless, we did robustness tests and 

used clustered standard errors to solve this problem. Secondly, the fact that the size of the firms 

and the different industry sectors were not accounted for might also be a limitation in our 

analysis. A way to bypass these questions would be to consider the percentage of employed 

persons working from home in the different sectors of activity and by firm size. However, these 

were not taken into account due to data limitations. Additionally, we used data at the country 

level as a proxy of data of all firms from each country, which is not the exact information from 

all the firms from all countries, nevertheless, we think that data of each country as a whole is a 

good proxy, because it takes into account all relevant information from all the firms of each 

country. 

It is also important to consider that the time period ranges between 2006 and 2022. In 2020 

there was the COVID-19 pandemic that increased the incidence of remote work, due to 

lockdown restrictions. 

In both models, we divided the results in three different models, where in the first we didn’t 

use any control variables, in the second, we added some, and in the third we have the full model 

with all the control variables mentioned before. 
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4.1 Fixed Effects Model vs Random Effects Model 

The fixed effects method was used to make sure that the estimates were consistent. The 

Hausman test was made to compare the fixed effects model with the random effects model. 

This test was made to address if the country specific-effects are correlated with the regressors, 

Hausman Test:  𝐻0: 𝑐𝑜𝑣(𝑥𝑖𝑡𝑣𝑖𝑡) = 0 𝑣𝑠. 𝐻1: 𝑐𝑜𝑣(𝑥𝑖𝑡𝑣𝑖𝑡) ≠ 0 

For the full model of (1), the results showed a p-value inferior to 1% in the full model, 

and in the model with only some control variables, so, it is possible to reject the null hypothesis 

and conclude that the country-specific effects are correlated with the regressors, which makes 

the Random effects model inconsistent. If we hadn’t reject the null hypothesis, both models 

would have been consitent but the random effects model would have also been efficient. 

Although in the model without any control variable we didn’t reject the null hypothesis, we 

chose to use the fixed effects model anyway, to be 100% sure that our results are consistent. 

Moreover, by applying the same test to model (2), the results revealed a p-value smaller 

than 1%, in the smaller model and in the full model, and in the other one with only some control 

variables, a p-value slightly higher than 5%. Consequently, we decided to use the fixed effects 

model to estimate the results of all 3 models, in order to guarantee that the three estimations 

are comparable and consistent. 

 

4.2 Tests for Heteroskedasticity and Autocorrelation 

One of the main problems when dealing with panel data models is the possible presence 

of heteroskedasticity and serial correlation of the errors within individuals over time. 

In our models, to detect if we do have heteroskedasticity in the residuals we used the 

Breush-Pagan test, 

Breush-Pagan Test:  𝐻0: 𝐻𝑜𝑚𝑜𝑠𝑘𝑒𝑑𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 𝑣𝑠. 𝐻1: 𝐻𝑒𝑡𝑒𝑟𝑜𝑠𝑘𝑒𝑑𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 

After applying this test, we noticed that in both of our models we are in the presence of 

heteroskedasticity, which might compromise our estimates.  

Furthermore, we also tested for serial correlation in our models, by applying the 

Wooldridge's test for serial correlation in panel data models, 

Wooldridge's Test:  𝐻0: 𝑁𝑜 𝑠𝑒𝑟𝑖𝑎𝑙 𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑣𝑠. 𝐻1: 𝑆𝑒𝑟𝑖𝑎𝑙 𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 

The results revealed that in both of our models we are in the presence of serial 

correlation.  
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To to solve these two problems, we decided to use clustered standard errors in all of our 

estimates, in order to achieve reliable estimates. 

5 Results 

We divided our results into 5 sections. In the first section, we focused on the results 

obtained from our models, to address the impact of usually working from home on productivity. 

Secondly, we tested the robustness of the results by controlling for external economic 

conditions, by other factors that might be related with productivity, and by substituting our 

dependent variables for other productivity measures. Furthermore, in the third section we 

exploited graphic representations of WFH and productivity measures in the various countries 

2 years before the pandemic, in 2018, during the pandemic, in 2020, and 2 years after the 

pandemic, in 2022, and ran a fixed effects model to see if the pandemic influenced the impact 

of remote work on productivity in some way. Lastly, in the fourth section, we enumerated some 

benefits and costs associated with working from home arrangements.  

 

5.1 The effect of Working From Home on Productivity 

To address the question of what is the impact of usually working from home on workers 

and firms’ productivity, we exploited the results obtained by running a fixed effects model in 

models (1) and (2). 
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5.1.1 The effect of WFH on Workers Productivity 

Table 7 - Effect of WFH on Productivity in Model 1 

 

 

 

 

 

 

 

 

 

  

 

 

 

  

 Table 7 ilustrates the results of model (1), where the dependent variable is the log of labour 

productivity per hour worked, and the percentage of employees that usually work from home 

as a percentage of total employment is an indicator variable. Firstly, in the first column, we 

have the results of the model only including the main indicator variable, without including any 

control variable. Secondly, in the second column, there are represented the estimates of the 

model, where we control for the log of the income received per capita, once this factor is 

expected to have a direct impact on productivity. Furthermore, in the third model, we also 

control for individual demographic characteristics by adding variables, such as the the number 

of people who lives with a partner, the number of adults who have 1, 2, 3 or more children with 

less than 6 years at home, the percentage of the population living in urban areas, and the 

percentage of people with a college degree.  Regarding the first model, the results show that 

the increase in one percentage point of employees usually working from home leads to a 

Notes: Significance level at which the null 

hypothesis is rejected: ***, 1%; **, 5%; and *, 

10%. The standard errors are clustered at 

country level.  
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statistically significant increase, at 1% level of significance, of productivity by (𝑒0.027  −  1) ∗

100 = 2.74%, on average, across all countries, after accounting for country-specific effects. 

 When looking at the estimates of the second model, it it possible to notice that the variable 

representing the percentage of employees usually working from home still has a statistically 

significant impact on the productivity measure, while the increase in 1% of the income leads 

to a 0.23% increase in productivity, on average, across all countries, after accounting for 

country-specific effets. Relatively to the third model, where we also control for individual 

demographic characteristics, the estimates indicate that an increase in one percentage point of 

employees usually working from home, as a percentage of total employment, leads to a 

statistical significant increase in productivity by (𝑒0.008  −  1) ∗ 100 = 0.8%, on average, 

across all countries, after accounting for country-specific effects. The log of income per capita 

still affects positivelly productivity with 1% level of significance. Furthermore, having a 

college degree also impacts productivity positivelly, at a 1% level of significance.  

 

5.1.2 The effect of Remote Work on Firms Productivity 

Table 8 - Effect of WFH on Productivity in Model 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: Significance level at which the null 

hypothesis is rejected: ***, 1%; **, 5%; and *, 

10%. The standard errors are clustered at 

country level.  
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Table 8 shows the results of the Cobb-Douglas production function model, using 16 

countries that belong to the european union, when the dependent variable is the output per hour 

worked and the main indicator variable is the percentage of employed persons who usually 

work from home, as a percentage of total employment.  

As we did to analyse the impact of remote work on workers’ productivity, here, we also 

have three models, where in the first, we only use the gross capital formation and the number 

of people employed, as inputs to the basic Cobb-Douglas production function, and the 

percentage of employed persons usually working from home as our main explanatory variable. 

The results show that the variable representing remote work has a statistically significant 

positive impact on the productivity measure, with 1% level of significance.  

In the second model, we include the percentage of people working part-time to control 

for human resources management practices. By including this variable, the impact of the 

percentage of employed persons usually working from home on the output per hour worked 

stays pretty much the same, with the coefficient dropping from 0.014 to 0.013. 

Furthermore, the third model which is the most complete, because it not only accounts 

for human resources management practices, but it also considers the ICT diffusion by including 

the proportion of people using internet, and the workers characteristics by including the share 

of male workers in total employment, the share of part-time workers, the amount of people 

working in R&D activities, and the average wage paid to workers in representation of firms 

average level of skills. Adittionally, it is also included the trade as a percentage of GDP, as a 

measure of product market competition. By controlling for all these factors, the increase in one 

percentage point of the percentage of employed persons usually working from home leads to a 

statistically significant increase in the productivity measure by (𝑒0.007  −  1) ∗ 100 = 0.7%, 

on average, across countries, after accounting for country-specific effects, and at a 1% level of 

significance. 

 

5.2 Robustness Tests 

In this section, we test the robustness of our results by adding different variables to 

models (1) and (2) to control for other factors that haven’t been considered. We’ll divide this 

section in 2 subsections, one to test the robustness of the results of model (1), and another to 

check the robustness of the results of model (2). 
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5.2.1 Robustness of the impact of employees WFH on productivity 

In this subsection we checked the robustness of our results from model (1). To do it, we 

added a variable to control our model for external economic conditions. Besides, we also 

included a variable representing savings, once they have an impact on well-being, and, 

consequently, on productivity. Lastly, we modified the measure of productivity, by changing 

the dependent variable. 

 

Table 9 - Effect of WFH on Productivity in Model 1: Robustness Tests 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.2.1.1 External Economic Conditions 

S.S. Deole et al., (2022) affirms that economic studies analyse variability in 

productivity between business cycles, leading to the conclusion that the fear of loosing a job 

leads to a boost in productivity. Once model (1) was inspired on their model, we constructed 

Notes: Significance level at which the null hypothesis is 

rejected: ***, 1%; **, 5%; and *, 10%. The standard errors 

are clustered at country level.  

 



 20 

our robustness check based on theirs. However, they controlled for local economic conditions 

by adding the local unemployment rate at the NUTS-3 county-level, while we controled for 

country economic conditions by using the countries’ unemployment rates. So, we rewrote 

model (1), but now adding the unemployment rate to control for external economic conditions. 

The results obtained after adding this new control variable are pretty similar to the ones 

analysed before, and the unemployment variable has a non statistically significant negative 

impact on the labour productivity per hour worked. Given these results, we cannot directly 

conclude that a higher unemployment rate leads to insecurity, which consequently affects 

negatively workers’ productivity. However, the level of significance at 1%, and the coefficient 

of the variable WFH representing the percentage of employees usually working from home 

remained the same, fact that leads to the conclusion that the estimates are robust, and that 

working from home has a positive impact on productivity, even when there are tought external 

economic conditions. 

 

5.2.1.2 Additional control variable – Savings  

In their paper, S.S. Deole et al., (2022) also mentioned that well-being has a possible 

impact on workers productivity. In order to separate the impact of an increase in remote work 

on productivity, one of the control variables they added was the amount of savings. As 

inspiration, we opted to use this analogy to our data, using the gross domestic savings  to check 

the robustness of our results. 

The control variable added that represents the gross domestic savings measured in 

current local currency units has a statistically significant positive impact on productivity, fact 

that goes in line with the statement made by S.S. Deole et al., (2022) that well-being has a 

positive impact on productivity. Furthermore, the impact of the percentage of employees 

usually working from home on productivity drops slightly, from 0.8% to 0.5%, but keeps its 

level of significance, at a 1% level. 

 

5.2.1.3 Alternative productivity measures 

Furthermore, we also decided to use a different dependent variable, representing 

productivity, through the labour productivity per hour worked, with a unit of measure 

corresponding to index 2015=100, while the original unit of measure was in euros, 

correponding to the ratio between GDP in euros at current prices in the calendar year and the 
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number of hours worked in the calendar year. By doing this, we were able to test the robustness 

of the previous estimates. 

By doing this change, the impact of the percentage of employees usually working from 

home on productivity, which in this case is represented by the labour productivity per hour 

worked (based on the index 2015=100), changes with now the increase in one percentage point 

of WFH leading to a positive increase of productivity by 0.6%, but only at a 10% level of 

significance. 

 

5.2.2 Robustness of the impact of WFH on firms productivity 

In this subsection we checked the robustness of our results from model (2). To do it, we 

added a variable to control for external economic conditions, as we did previously, a variable 

to control for governance effects, and we also used alternative productivity measures in our 

model. 

Table 10 - Effect of WFH on Productivity in Model 2: Robustness Tests 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: Significance level at which the null hypothesis is 

rejected: ***, 1%; **, 5%; and *, 10%. The standard errors are 

clustered at country level.  
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5.2.2.1 External Economic Conditions 

As it is possible to see, after adding the unemployment rate as a control variable to test 

the robustness of the results to control for external economic conditions, the results haven’t 

change much, when compared to the previous estimation of this model. Therefore, even when 

including the unemployment rate to control for external economic conditions, the impact of 

working from home on productivity remained exactly the same, keeping its level of 

significance at 1%. This proves the robustness of the estimates obtained before that are not 

affected by external conditions of the economy. Furthermore, it is also noticeable that the 

unemployment rate doesn’t reveal a statistically significant positive impact on productivity, 

measured by the output per hour worked. This result is not align with the economic literature 

stating that the increase in unemployment boosts productivity, due to the increase of the fear of 

job loss. 

 

5.2.2.2 Governance Effects 

Additionally, in the paper Monteiro et al., (2019) one of the things they use to check 

the robustness of their results are managerial effects. Once their reality is at the firm-level, we 

adapted to our reality and used governance effects instead.  

It might be the case that variations in the percentage of employed persons usually 

working from home are related with variations at the country level that could affect 

productivity. So, changes in the policies of the countries might have an impact on the 

percentage of people usually working from home, which, consequently, might have an impact 

on productivity. Once changes in the governance of countries cannot be directly observed, we 

used a proxy variable that consists in the GNI per capita, measured at current local currency 

unit. In their paper, Monteiro et al., (2019) use CEO compensation per worker, and we consider 

that, adapting to our reality, Gross National Income per capita, measured in local currency unit, 

would be the best proxy variable to be used.  

By controlling for the governance effects, the variable representing the percentage of 

employed persons usually working from home, still has a statistically significant positive 

impact on productivity, with a 5% level of significance. 

 



 23 

5.2.2.3 Alternative productivity measures 

The last robustness check consists in using two different alternative measures of 

productivity, gross value added in M€ and GDP per capita measured in current US$. 

Firstly, we reestimated model (2), but instead of using the output per hour worked as a 

productivity measure, we used the gross value added. Even with the change in the dependent 

variable, the results didn’t change much, with the percentage of employed persons usually 

working from home still having a positive and statistically significant impact on this new 

measure of productivity, at a 1% level of significance. 

Secondly, we substituted the dependent variable of our initial model (2) to GDP per 

capita, as it represents the wealth generated by the entire production of goods and services in a 

country. By using this measure of productivity as our dependent variable, the results in terms 

of the impact of the percentage of employed persons usually working from home on 

productivity changed, with the impact loosing its significance, even if still positive. 

 

5.3 Pandemic, WFH and Productivity 

5.3.1 Graphic representations of the differences across countries in WFH and 

Productivity 

In this section, we exploit graphical representations from 2018, 2020, and 2022, of the 

sorted list of countries by percentage of emploees usually working from home and labour 

productivity per hour worked, for model (1), and percentage of employed persons usually 

working from home and output per hour worked, for model (2). 
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5.3.1.1 Before the COVID-19 Pandemic 

Figure 1 - Percentage of Usually Working from Home in 2018, by country 

 

 

 

 

 

 

 

When analising these figures, it is possible to see that, in 2018, 2 years before the 2020 

lockdown due to the rapid spread of the corona virus, Finland was the country among the 15 

other countries being studied that showed the highest percentage of employed persons and 

employees usually working from home, around 13% and 9%, respectively. However, this 

standout of Finland hasn’t start only one or two years before the pandemic, it started a lot longer 

ago. In 1996, an official document, “Working Hours Act”10 was released in Finland stating that 

workers can adjust their usual working hours by starting or finishing their work 3 hours earlier 

or later. After this, Finland adapted to remote work and flexibility way before the pandemic.  

On the opposite extreme, Hungary was the country registering the smallest percentage 

of employed persons working from home, around 2%, in 2018. Before COVID-19, flexible 

work arrangements were not common in Hungary, with 31% of the companies not providing 

flexible work alternatives. Furthermore, in the first trimester of 2018, only 3.7% of all 

employees in Hungary were under flexible work arrangements. Budapest was the city that had 

the highest percentage of remote work, 10%, and the lowest was registered in North Hungary, 

1.3%. In general, companies in this country were not supportive of remote work before the 

pandemic, fact that is related with the possibility of a decrease in efficiency, an increase in 

costs and the loss of control over employees.11 In the percentage of employees working from 

home, Latvia and Lithuania are the countries at the bottom, around 1%. 

 
10 Document published in March 2011 by the Ministry of Employment and the Economy of Finland. 

11 The information contained in this last paragraph is from the “Flexible working arrangements in Hungary” 

document, provided by OCDE library. 

3% 



 25 

In general, the countries that are more close to the east side of Europe were the ones 

where remote work before COVID-19 was less pronounced, while in the northern and central 

european countries the percentages were higher, even if the majority of them was below 10% 

of the total employment. 

 

Figure 2 - Labor Productivity per hour worked in 2018, by country 

 

 

 

 

 

 

Figure 3 - Output per worker in 2018, by country 

 

 

 

 

 

 

Nevertheless, Ireland’s productivity levels, in 2018, were the highest of the 16 countries 

being considered, even if the percentage of employed persons working from home increase 

was the highest during this year, and Latvia the smallest. 

By applying  a different measure of productivity, such as the output per hour worked, 

Ireland dominates, with Latvia being last in the ranking.  According to the figure, northern 

countries reveal to have higher values of output per hour worked, two years before the 

pandemic. 
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5.3.1.2 During the COVID-19 Pandemic 

Figure 4 - Percentage of Usually Working from Home in 2020, by country 

 

 

 

 

 

 

 

During the pandemic, there was a boost in the percentage of employed persons working 

from home in all countries, due to the mandatory lockdowns that were spread around the world. 

Finland kept being the country with the highest values of remote work, around 25%, and 

Hungary and Latvia the ones that registered the smallest values. Right after Finland, Ireland 

increased a lot its percentage of employed persons and employees usually working from home, 

with percentages around 22% and 20%, respectively. 

Compared to the 2018 graph, Finland still earns the first place and Latvia the last in the 

percentage of employees usually working from home. However, although Latvia percentages 

haven’t changed much, the percentages of employees usually working from home in Finland 

triplicated. We can also see that the northern countries, in general, were the ones with the 

highest percentage of workers usually working from home, and the easthern countries the ones 

with the smallest percentages. 

Figure 5 - Labor Productivity per hour worked in 2020, by country 

 

 

 

 

 

 

5% 

2.9 



 27 

Figure 6 - Output per Worker in 2020, by country 

 

 

 

 

 

 

 

 

 

In terms of productivity, measured by the labor productivity per hour worked, Ireland 

gained the first position of the ranking in 2020, followed by Denmark. At the bottom of the 

ranking we have Latvia, Hungary, and Poland. 

During 2020, even if a lot of countries have faced lockdown restrictions, the output per 

hour worked values were kept pretty stable with a slight increase, in general. Ireland was the 

country that showed the highest values of output per hour worked, followed by Denmak, while 

Latvia the country with the smalest value. In general, we can analyse that, in 2020, the northern  

european countries were the most productives, and the eastern ones the least productives. 

During the pandemic period, Ireland incorporated new tax relief measures so that workers 

could declare their expenses associated with Teleworking. Another important thing that 

happened in Ireland was the provision of financial support to businesses to adapt to the new 

working conditions.  

Besides, Ireland integrated remote work as a public health measure, once it was a way 

to limit the spread of the virus, and, at the same time, provided support to businesses to develop 

teleworking. However, some countries, such as Italy or Spain, focused only on the need for a 

lockdown, not providing incentives to build remote work.  
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5.3.1.3 After the COVID-19 Pandemic 

Figure 7 - Percentage of Usually Working from Home in 2022, by country 

 

 

 

 

 

 

 

Two years after the pandemic, Ireland overtaked Finland and became the leader of the 

ranking, even if, in general, there was a decrease in the percentage of employed persons and 

employees usually working from home, among european union countries. 

In 2022, althought most of the countries being considered showed a decrease in the 

percentage of employees usually working from home, Ireland increased even more its 

percentage, when compared to 2020.  

 

Figure 8 - Labor Productivity per hour worked in 2022, by country 
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Figure 9 - Output per Worker in 2022, by country 

 

 

 

 

 

 

 

In terms of labor productivity per hour worked, and output per hour worked, in 2022, 

Ireland was the one that had the highest change, with an increase of its levels of productivity. 

Ireland was proactive in promoting remote work in the early stages of the pandemic, a fact that 

differentiates it from some of the other countries that didn’t act right away. In January 2021, 

Ireland launched the National remote work strategy, which helped implement remote work, 

providing the necessary conditions for workers to work remotely in the long term. After the 

pandemic, Ireland decided to adopt a hybrid work system with a mixture of office-based days 

and remote days, a fact that increased flexibility and a good work-life balance for the 

employees. 

 

5.3.2 Impact of WFH on Productivity during COVID-19 lockdowns 

To see the impact of working from home on productivity measures during the pandemic, 

we added a new variable to the datasets. This variable is called covid and is equal to 1 in 2020 

and 202112, and equal to 0 otherwise. So, our new models are the following, 

 

(3) log(𝑌𝑖𝑡) = 𝛼0 +  𝛼1 𝑊𝐹𝐻_𝑢𝑠𝑢𝑎𝑙𝑙𝑦𝑖𝑡 + 𝛼2𝑐𝑜𝑣𝑖𝑑𝑡  + 𝛼3𝑊𝐹𝐻_𝑢𝑠𝑢𝑎𝑙𝑙𝑦𝑖𝑡 ∗ 𝑐𝑜𝑣𝑖𝑑𝑡 +

𝛽𝑋′𝑖𝑡 + 𝜖𝑖𝑡 

 

(4) log(𝑌𝑖𝑡) = 𝛽0 + 𝛽1 log(𝐾𝑖𝑡) +  𝛽2𝐿𝑖𝑡 + 𝛽3 𝑊𝐹𝐻_𝑢𝑠𝑢𝑎𝑙𝑙𝑦𝑖𝑡 + 𝛽4𝑐𝑜𝑣𝑖𝑑𝑡 +

𝛽5 𝑊𝐹𝐻_𝑢𝑠𝑢𝑎𝑙𝑙𝑦𝑖𝑡 ∗ 𝑐𝑜𝑣𝑖𝑑𝑡 +  𝛿𝑋′𝑖𝑡 + 𝜖𝑖𝑡 

 

 
12 Years when there were lockdowns due to the pandemic. 

1.64 
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We used a fixed effects model to make the analysis, and obtained the following results in 

models (3) and (4), respectively, 

 

Table 11 - Effect of WFH on Productivity: Influence of COVID-19 

 

 

 

 

 

 

 

 

 

The results of model (3) revealed that the increase in one percentage point of employees 

usually working from home leads to a statistically significant increase in productivity13 by 

1.4%, on average, across all countries, after accounting for country-specific effects. 

Furthermore, the interaction term is statistically significant, indicating that the impact of 

working from home on productivity significantly decreased during the lockdown years, 2020 

and 2021, when compared to the other time periods. 

 

 

 

 

 

 

 

 

 

 
13 Labor productivity per hour worked. 

Notes: Significance level at which the null 

hypothesis is rejected: ***, 1%; **, 5%; and *, 

10%. The standard errors are clustered at 

country level.  
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Table 12 - Effect of WFH on Productivity: Influence of COVID-19 

 

 

 

 

 

 

 

 

When looking at the results of model (4), it is possible to see that the impact of the 

percentage of employed persons usually working from home on productivity14 is similar to the 

one obtained in the previous model, (1). Furthermore, in this model, the interaction term is 

statistically significant and negative, revealing that the impact of employed persons usually 

working from home on productivity, changed negatively during the lockdown periods, when 

compared to the other time periods. 

 

5.4 Main Benefits and Costs of Working From Home 

In this section we enumerate some pros and cons of working from home. 

5.4.1 Main Benefits of Remote Work  

• Flexibility and Work-Life Balance: Remote work allows the criation of more flexible 

schedules, allowing people to organize their time in the best way to balance with their 

personal lives. 

• Cost Savings: When people decide to work from home there are a lot of costs savings, 

either for employees and employers. Employees don’t need to spend money on 

 
14 Output per hour worked. 

Notes: Significance level at which the null 

hypothesis is rejected: ***, 1%; **, 5%; and *, 

10%. The standard errors are clustered at 

country level.  
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commuting costs and employers are able to save costs at the office, such as electricity 

and water. 

• Time saving: A lot of people spend a lot of time of their days getting ready for work 

and on traffic, so, working remotely helps them save a lot of time to make other tasks 

and increase their productivity. 

• Access to a wide Job Market: Remote work creates opportunities for workers to work 

for companies anywhere in the world and not limit their options because of their 

geographic location. 

 

5.4.2 Main Costs of remote Work  

• Limited Social Networking: Building relationships with colleagues can be limited 

when working from home. This might lead to difficulties in team work and share of 

ideas.  

• Reduced Career Progress Opportunities: When people work remotely it is more 

difficult to progress in their careers, because directors and managers cannot directly see 

the work that has been done. 

• Technical Issues and IT support: Remote workers may face technical issues, such as 

hardware problems, without having someone solving immediately the issue. 

6 Conclusion 

Working from home is a type of work arrangement that gain its major significance after 

the COVID-19 pandemic. In 2020 and 2021, there were lockdowns and strict restrictions that 

were associated with the closure of schools, shoppings, and work places. Firms had to adapt 

rapidly to this change, and started to operate remotely. In 2022, the restrictions ended, however, 

a lot of firms and jobs started to implement hybrid work arrangements, with some days of the 

week working on-site, and others at home.  

Working from home created flexibility in the lives of workers, allowing them to 

coordinate their personal lives with their professional lives in a better way. Some study has 

been made about the topic “Does remote work enhances productivity?”, and in fact a lot of 

positive conclusions have been taken. A lot of studies concluded that work arrangements that 

include working from home are associated with higher productivity, on both, the worker’s side, 

and the firm’s side. However, it can’t be denied that some studies concluded the opposite, 
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revealing that, in their specific context, working from home and remote work don’t boost 

productivity.  

The great majority of studies made about this topic focus their attention on some 

specific firms from specific countries, with the use of survey data. Our study broadens this 

point of view by using official statistics, and by focusing our analysis at the country-level, with 

the inclusion of 16 different european union countries. The fact that we don’t focus on survey 

data gives more reliability to our results, and allows us to give some new insights to the 

literature about european union countries. Besides, our results can also help operationalise 

efficiency, because understanding if working from home impacts productivity allows the 

optimisation of costs and management.  

Our study was inspired by two different papers, S.S. Deole et al., (2022), and Monteiro 

et al., (2019). The first focuses on the link between working from home and employees’ 

performance during the COVID-19 pandemic in the UK, while the second focuses on the 

impact of working from home on firms’ productivity. They focused on representative data, 

using self-reported productivity levels of workers from the UK, and firm-level data from 

Portuguese firms from the Community Survey on ICT Usage and E-Commerce in Enterprises, 

respectively. By using these sources of inspiration, and adapting to our reality, we obtained 

relevant results that can contribute to the literature about this topic. If we only look at the impact 

that working from home has on productivity, without controling for any other variables, we 

obtain a positive and statistically significant impact of WFH on productivity on both models, 

but as we include more control variables, that impact decreases, however, it doesn’t loose its 

significance nor its positive sign.  

As we dig deeper into our results, we see the influence that the pandemic had on the 

impact that working from home has on productivity measures. Once we included an interaction 

term in our models between the WFH variable, and the covid variable15, we were able to see 

that the impact that working from home has on productivity significantly decreased during 

2020 and 2021, due to COVID-19. 

Although our results go in the direction of our expectations, they might have some 

limitations caused by the short length of the panel, with only 16 countries, and a time period of 

17 years. However, we tried to bypass this situation by doing tests of robustness and by using 

clustered standard errors to eliminate any heteroskedasticity or correlation within countries.  

 
15 Variable that is equal to one in 2020 and 2021, due to lockdowns caused by the COVID-19 pandemic. 
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Despite this drawback, we think that our work will have a significant contribution to 

the existing literature, providing a more general analysis at the country-level. With our results, 

we expect to help mitigate some doubts related with the best work regimes that should be 

adopted by firms and workers, providing insights that full on-site work is not the future, once 

due to the COVID-19 pandemic, the world and, in particular, european union countries adapted 

with high speed to the new reality of remote work. The fact that workers don’t have to go to 

the office every single work day, allows them to have the flexibility to organize themselves and 

their lives in the most efficient way. Besides, workers who work at metropolitan areas save a 

lot at the end of the month with transportation costs, which helps them save more, and 

consequently improve their well-being and productivity, as we proved in one of our robustness 

tests. Additionally, firms can also save costs in terms of electricity and water once they won’t 

have all their employees at the same time at the office. 

So, our study allows us to see that, in fact, working from home has a positive impact 

on productivity, result that is confirmed by both of our models.  
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Appendix 

Variables Meaning 

Model 1 

Variables Measurement Source 

WFH Percentage of employees usually working from home 

as a percentage of total employment 

Eurostat 

Productivity Labor productivity per hour worked, in euros. 

(correponds to the ratio between GDP in euros at 

current prices in the calendar year and the number of 

hours worked in the calendar year) 

Pordata 

College Total percentage of the population with a college 

degree as a % of the population between 25 and 64 

years old 

Pordata 

Urban Population People living in urban areas as defined by national 

statistical offices. The data are collected and smoothed 

by United Nations Population Division. 

World Bank 

1 Child Number of adults between 18 and 64 years old, that are 

employed and have a child with less than 6 years 

Eurostat 

2 Children Number of adults between 18 and 64 years old, that are 

employed and have two children with less than 6 years 

Eurostat 

3 or More Children Number of adults between 18 and 64 years old, that are 

employed and have three children with less than 6 

years 

Eurostat 

Income Mean income in euros before social transfers  Eurostat 

Living with a partner Number of employed adults living in a couple Eurostat 

Model 2 

Variables Measurement Source 

https://zoetalentsolutions.com/remote-work-statistics-europe/
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Productivity Output per hour worked (GDP constant 2017 

international $ at PPP) 

ILO 

(International 

Labor 

Organization) 

Workers involved in 

R&D 

Total number of people employed in research and 

development activities 

Pordata 

Percentage Using 

Internet 

Individuals using internet as a percentage of total 

population 

World Bank 

WFH Percentage of employes persons usually working from 

home as a percentage of total employment 

Eurostat 

Share male workers Share of male workers between 15 and 64 years old Pordata 

Average wage Average remuneration that is paid to employees in 

euros 

Pordata 

Trade Sum of exports and imports of goods and services 

measured as a share of gross domestic product. 

World Bank 

Gross capital 

formation 

Gross capital formation (formerly gross domestic 

investment) consists of outlays on additions to the 

fixed assets of the economy plus net changes in the 

level of inventories. Fixed assets include land 

improvements (fences, ditches, drains, and so on); 

plant, machinery, and equipment purchases; and the 

construction of roads, railways, and the like, including 

schools, offices, hospitals, private residential 

dwellings, and commercial and industrial buildings. 

Inventories are stocks of goods held by firms to meet 

temporary or unexpected fluctuations in production or 

sales, and "work in progress." According to the 2008 

SNA, net acquisitions of valuables are also considered 

capital formation. Data are in constant 2015 prices, 

expressed in U.S. dollars. 

World Bank 

Employment Total of employed persons in thousands Pordata 

Part time Part-time employment as a percentage of total 

employment 

Eurostat 
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Robustness tests 

Variables Measurement Source 

Unemployment Share of the labor force that is without work but 

available for and seeking employment. 

World Bank 

Gross domestic 

savings 

Gross domestic savings are calculated as GDP less 

final consumption expenditure (total consumption). 

Data are in current local currency. 

World Bank 

Hourly productivity Real labor productivity per hour worked (index 2015 

= 100) 

Eurostat 

GNI per capita Gross national income divided by midyear population. 

GNI (formerly GNP) is the sum of value added by all 

resident producers plus any product taxes (less 

subsidies) not included in the valuation of output plus 

net receipts of primary income (compensation of 

employees and property income) from abroad. Data 

are in current local currency. 

World Bank 

Gross value added Wealth generated in production, subtracting the value 

of goods and services consumed to obtain it, measured 

in euros 

Pordata 

GDP per capita Sum of gross value added by all resident producers in 

the economy plus any product taxes and minus any 

subsidies not included in the value of the products. It 

is calculated without making deductions for 

depreciation of fabricated assets or for depletion and 

degradation of natural resources. Data are in current 

U.S. dollars. Dollar figures for GDP are converted 

from domestic currencies using single year official 

exchange rates. For a few countries where the official 

exchange rate does not reflect the rate effectively 

applied to actual foreign exchange transactions, an 

alternative conversion factor is used. 

World bank 

 


