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o Recent literature has pointed out the positive impact of New Digital Technologies (NDT)

• on firms’ performance overall, according to heterogeneous application across economic sectors and 

the different ways of shaping production processes (Cirillo et al., 2024)

• on enhancing firms’ ability to withstand crises by bolstering their stability and their competitive 

advantage (Conz and Magnani, 2020; Hillmann and Guenther, 2021)

o Digital technologies can also shape innovation trajectories in times of crisis (“crisis-induced 

innovation”) as it was the case of digitalization adoption during the COVID pandemic (Crespo et al., 2023) 

innovation during a recession is faster than innovation in normal times, less ambitious and more necessity-

based in terms of strategic objectives.

o Innovative firms are often better equipped to adapt to changes and sustain their competitive advantage 

as a necessary precondition for resilience (Reinmoeller and van Baardwijk, 2005; Lien and Timmermans, 

2024; de Carvalho et al., 2016; Hamel and Valikangas, 2003)

Motivation
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o Resilience can be defined as the ability of a firm to resist and adapt in the presence of an unexpected and 

potentially disruptive event, maintaining its assets and organizational structure intact (Conz and Magnani, 2020; 

Santoro et al., 2021) or to minimize falls in performance caused by disruptive events (Dimitriadis, 2021; Williams et 

al.,2017)

o Despite the increasing body of literature examining digitalization and resilience during the COVID-19 pandemic, 

significant research gaps remain (Iftikhar et al., 2021)

o Regional or industry-level studies, often lacking detailed information on firm-level adoption of digital technologies 

across sectors (Abidi et al., 2022; Copestake et al., 2024).

o Studies focusing on contingent adoption of technologies during the pandemic, rather than assessing the prior levels 

of technology adoption e.g. crisis-induced innovation (Lien and Timmermans, 2024);  “creative adoption” (Antonelli, 

2006) 

o Evidence form surveys conducted during the pandemic, which often had limited sample sizes and provided a 

generalized definition of digitalization (Bianco et al., 2023, Rapaccini et al., 2020). 

o Literature has also overlooked the comparison between the advantages of technological complementarity adopting 

technology bundles vs. single technologies, particularly regarding their effects on firms’ performance (Battaglia et al., 

2023) 

Literature and research gaps

3
TECHNOLOGICAL ADOPTION AND FIRM RESILIENCE | BISIO, CIRILLO, LUCCHESE, 

MINA, SCROFANI



TITOLO GRAFICO

Research hypothesis
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HP 1 - Digitalization 

Investment in New Digital Techs (prior to the shock) 

increases firm resilience to the shock, compared to 

non-digital investors

HP 2 - Breadth of technological adoption

The combined adoption of two or more new digital 

technologies increases firm resilience, compared to 

the adoption of a single technology

HP3 - Complementarities 

Firms that exploit complementarities between 

machine-based and non-machine-based

technologies (Balsmeier & Woerter, 2019) are more 

resilient to shocks, compared to firms investing in a 

single type of technology

Resilience in this analysis: the

ability of firms to undergo smaller

losses in terms of turnover,

employment, labour productivity in

2020 (COVID-19 shock)
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o ISTAT “Rilevazione sulle tecnologie dell’informazione e della comunicazione nelle imprese” (ICT 

survey), 2018 edition (reference period 2016-2017)

• Representative sample of firms with at least 10 workers, all >250 workers companies

• Sectors: manufacturing and business services (from C to N, NACE sections). Construction sector excludedfrom

#20,606 firms to #17,714 firms

• Technological adoption: investment in ICT material/non-material goods/services in 2016- 2017

• ICT: IoT, 3D printing, Robotics, Cloud computing, Big Data analytics, Augmented reality, IT security, E-commerce, 

Apps and Computerized / sensors-managed interconnected goods.

o ISTAT Asia-Employment Register (LEED), 2014-2020: employees characteristics (age, gender, education 

level, employment contract, professional qualification)

o ISTAT RACLI Register (LEED), 2014-2020: tenure of employees

o ISTAT FRAME-SBS Register (firm-level), 2014-2020: firms’ economic activity (import/export activity; 

business group membership) and performance (e.g. value added, EBITDA)

o ISTAT ASIA-Active firms Register (firm-level), 2014-2020: firms' structural information (e.g. geographical 

location of companies’ headquarters; NACE rev 2.2 industry; firm age)

Data
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Share of adoption of each 

technology are computed 

with respect to total 

economy and macro-sector. 

ICT 2018 sample, weighted 

observations.

Adoption of NDTs by macro-sector
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Share of adoption of 

each technology are 

computed with respect to 

total economy and to the 

total by size class. 

Multiple techs adoption 

are allowed. ICT 2018 

sample, weighted obs.

Adoption of NDTs by size
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Share of single/multiple 

adopters for each type 

of adopted technology. 

The percentages refer 

to the total number of 

adopters in each NDT. 

ICT survey 2018

sample, weighted 

observations.

Breadth of digitalization: NDTs adoption in bundles
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o 1-to-1 nearest neighbour Propensity Score Matching (PSM) without replacement (Rosenbaum and 

Rubin, 1983; 1985; Engel et al., 2019; Czarnitzki et al., 2011).

• Panel PSM  in each year until 2019 included

• PSM control variables: Italian regions, the NACE 1-digit sectors, firm age classes, growth of firms’ size 

(in log) and growth of firms’ value added (in log).

o Difference-in-Differences

𝑌𝑖,𝑡 = 𝛼 + 𝛽1𝑻𝒊 + 𝛽2𝑦𝑒𝑎𝑟2020 + 𝛽3𝑻𝒊 ∗ 𝑦𝑒𝑎𝑟2020 + 𝛾𝑋𝑖,𝑡 + 𝜇𝑖 + 𝜆𝑡 + 𝜖𝑖,𝑡

𝑌𝑖,𝑡 : alternatively, turnover /  employment / productivity (HIST transformation)

𝑇𝑖: key explanatory variable taking value 1 if the firms adopted NDT in 2016-2017 and 0 otherwise

𝑋𝑖,𝑡 : firm-level controls, firm characteristics (size, EBITDA, multinational, Italian/foreign group, public 

control, NACE 2-digit industries, NUTS 2 regions) workforce information (age,  gender, education, 

professional qualification (e.g. managers, blue collars), tenure, working-hour regime, work contract)

t = 2014-2020 

Empirical strategy (I)
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o Main HP

o HP 1: 𝑻𝒊=1 if the firm adopted (whatever or except IT security) one NDT in 2016-2017, 𝑻𝒊=0 if is a non-

adopter in 2016-2017

o HP 2: 𝑻𝒊=1 if the firm is a single-NDT adopter in 2016-2017, 𝑻𝒊=0 = 0  if adopted at least two NDT in 

2016-2017

o HP 3: 𝑻𝒊=1 if the firms adopted both machine-based NDT (IoT, 3D Printing, Robotics, Augmented 

Reality and CSMI goods) and non-machine based NDT (Cloud Computing, Big Data Analytics, Apps 

and IT security) (Balsmeier and Woerter, 2019) in 2016-2017, 𝑻𝒊=0 if adopted one of out of them

o Heterogeneity

o by digital technology: 𝑻𝒊=1  if adopting IoT/Robotics/Big Data/ Other computerized / sensors-managed 

and interconnected (CSMI) goods in 2016-2017, 𝑻𝒊=0 if it is a non-adopter 

o by economic sector: split-sample estimates by manufacturing/services

o Robustness

o Placebo test, year of crisis 2016/2017

o Lock-down of specific industries

o Any digital technologies

Empirical strategy (II)
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1. Main hypothesis

TECHNOLOGICAL ADOPTION AND FIRM RESILIENCE | BISIO, CIRILLO, LUCCHESE, 

MINA, SCROFANI



Results - HP1 Digitalization
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o The COVID-19 pandemic led 

to a significant decline in 

turnover, employment, and 

productivity across all firms.

Table 1- DID fixed effects estimate: Single technology adoption 

vs. Non-adopters

Source: our calculations on Istat data. Other controls include: lag of employment, workforce composition (by education, age, gender, tenure, professional, part-

time, temporary contract), firm’s characteristics (size, EBITDA, firm-age, public control, multinationals, groups; NACE 2-digit; NUTS 2). Dependent variables are

HIST transformed. Clustered robust standard errors (at firm level) in parentheses. Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1
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o Firms that had previously 

adopted one digital technology 

undergo losses not different 

than firms without any prior 

technology adoption 



Results - HP1 Digitalization, accounting for the role of IT-security
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o Firms that had previously 

adopted one digital technology 

different than IT security do 

not undergo smaller losses 

than firms without any prior 

technology adoption 

Table 2 - DID fixed-effect estimates: Single technology adoption 

except IT-security vs. non adopters/only IT-security adopters

Source: our calculations on Istat data. Other controls include: lag of employment, workforce composition (by education, age, gender, tenure, professional, part-

time, temporary contract), firm’s characteristics (size, EBITDA, firm-age, public control, multinationals, groups; NACE 2-digit; NUTS 2). Dependent variables

are HIST transformed. Clustered robust standard errors (at firm level) in parentheses. Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1
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Results - HP2 Breadth of digitalization
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o Firms adopting a single 

technology were significantly 

more impacted by the crisis 

than adopters of at least 2 

NDT in 2016-2017

o Statistically significant effect of 

losses mitigation in terms of 

both turnover, employment 

and productivity

Table 3 - DID FE estimate: Single technology adoption vs. at 

least #2 techs

Source: our calculations on Istat data. Other controls include: lag of employment, workforce composition (by education, age, gender, tenure, professional, part-

time, temporary contract), firm’s characteristics (size, EBITDA, firm-age, public control, multinationals, groups; NACE 2-digit; NUTS 2). Dependent variables are

HIST transformed. Clustered robust standard errors (at firm level) in parentheses. Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1
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Results – HP3 Complementarity
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o Firms adopting both machine-

based (IoT, 3D Printing, 

Robotics, Augmented Reality 

and CSMI goods) and non-

machine-based techs (Cloud 

Computing, Big Data Analytics, 

Apps and IT security) exhibit 

smaller losses due to the 

COVID-19 crisis than those 

adopting only non-machine or 

only machine digital 

technologies

Table 4 - DID FE estimate: M&NM techs vs only NM techs or 

Machine techs 

Source: our calculations on Istat data. Other controls include: lag of employment, workforce composition (by education, age, gender, tenure, professional, part-

time, temporary contract), firm’s characteristics (size, EBITDA, firm-age, public control, multinationals, groups; NACE 2-digit; NUTS 2). Dependent variables are

HIST transformed. Clustered robust standard errors (at firm level) in parentheses. Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1
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2. Heterogeneity by technology and by sector
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Heterogeneity by technology:  HP1 technology-specific
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Heterogeneity - HP1 split-sample by macro-sectors
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o HP1 Single technology 

adoption (any) vs. Non-

adopters

o Single NDT’s adoption turns 

out to mitigate COVID-19 

losses just in manufacturing

o Overall evidence driven by 

services



Heterogeneity - HP1 net IT-security split-sample by macro-sectors
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o HP1 Single technology 

adoption, net IT security vs. 

Non-adopters

o Single NDT’s adoption turns 

out to mitigate COVID-19 

losses just in manufacturing



Heterogeneity – HP2 breadth of digitalization, split-sample by 
macro-sectors
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o HP 2: Single technology 

adoption vs. Adopters of 

at least 2 technologies

o The breadth of 

digitalization is 

statistically relevant in 

services sector 

(additional decline if 

single-adopters)
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3. Robustness
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Robustness - HP1 Placebo test (treatment year 2016)
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o HP1: Single technology 

adoption 

vs. 

Non-adopters



Robustness - HP2 Placebo test (treatment year 2016)
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o HP2: Single technology 

adoption 

vs. 

at least #2 other technologies



Robustness - HP3 Placebo test (treatment year 2016)
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o HP3: Machine & non-machine 

digital technologies 

vs 

either Machine or Non-

machine techs



Robustness - HP1 Accounting for COVID-19 restrictions

27
TECHNOLOGICAL ADOPTION AND FIRM RESILIENCE | BISIO, CIRILLO, LUCCHESE, 

MINA, SCROFANI

o HP1, accounting for the lock-

down of non-essential 

activities industries (Dummy=1 

for NACE rev.2 sectors locked-

down between March 2020 -

May 2020)



Robustness - HP1, net IT-security, accounting for COVID-19 
restrictions
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o HP1, net of IT-security, 

accounting for the lock-down 

of non-essential activities 

industries (Dummy=1 for 

NACE rev.2 sectors locked-

down between March 2020 -

May 2020)



Robustness – The Role of Adopting Any Digital Technology
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o HP: Prior adoption of at least 

one digital technology

vs. 

Non-adopters



o Intensity of digitalization efforts is very important overall: adopting only one new technology (HP1) 

insufficient to enhance resilience (except for manufacturing)

o Resilience significantly improves in terms of turnover, employment and productivity when firms 

invest in a multiple-technology approach, compared to prior single technology adoption (HP2). This 

holds for services, not for manufacturing. The intensity of resilience is directly related to the number of 

technologies

o Based on Balsmeier and Woerter (2019) taxonomy, the adoption of machine-based ICT besides 

non-machine based ICT improve the resilience capacity of firms across the COVID-19 crisis in terms 

of employment, turnover, and productivity detecting a significant role for complementarity (HP3) 

o From a policy perspective, our analysis suggests that comprehensive and integrated innovation 

policies promoting multi-technology adoption should be prioritized over isolated incentive schemes 

that do not encourage the complementary adoption of multiple technologies

Summing up and concluding
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adoption and Firm Resilience: Understanding the Impact of New Digital Technologies," LEM Papers Series 

2025/21  - https://www.lem.sssup.it/WPLem/2025-21.html
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3. Appendix
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Figure 5: Parallel trend HP1

Single technology adoption vs. 

Non-adopters
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Figure 6: Parallel trend HP2 

Single technology adoption vs. 

at least two technologies 

adopted
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Figure 7: Parallel trend 

Robotics
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Figure 8: Parallel trend IoT
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Figure 9: Parallel trend Big 

Data Analytics
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Table 12 - Balance PSM HP1 : Single technology adoption vs Non-adopters
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Table 13 - Balance PSM HP2 Single technology adoption vs at least two 

technologies adopted
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Table 14 - Balance PSM Robotics
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Table 14 - Balance PSM IoT
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Table 14 - Balance PSM Big Data Analytics


