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Abstract: This paper investigates how firms can enjoy a sustainable business even during the
COVID-19 pandemic. The adoption of lean coordination mechanisms over the supply chain (SC) and
lean approaches in omnichannel strategies can guarantee the business sustainability and resilience.
Furthermore, we investigate whether business sustainability, along with digitalization through
mobile apps, Artificial Intelligence systems, and Big Data and Machine Learning enable firms’
resilience. We first explore the background on the subject, identify the research gap, and develop
some research hypotheses to be tested. Then, we present the data collection process and the sample,
which finally consists of firms from different sectors, including retailing, electronics, pharmaceutics,
and agriculture. Several logistic regression models are developed and estimated to generate findings
and managerial insights. Our results show that a lean omnichannel approach is an effective practice to
preserve production costs, SC visibility, inventory available over the SC, and sales. Furthermore, lean
coordination with contracts can make a business sustainable by preserving quality, ROI, production
costs, customer service, and inventory availability. Finally, firms can be highly sustainable through
resilience when they engage in sustainable ROI, SC visibility, and sales; in contrast, the adoption of
mobile apps worsens firms’ resilience, which is not influenced by Artificial Intelligence and Big Data
and Machine Learning.

Keywords: business sustainability; resilience; performance; omnichannel; supply chain coordination;
digitalization

1. Introduction

The epidemic outbreak due to COVID-19 can be considered a case of Supply Chain
(SC) disruption [1], which is characterized by various components: long-term disruption
existence and unpredictable scaling, simultaneous disruption propagation in the SC, epi-
demic outbreak propagation in the population, and simultaneous disruption in supply,
demand, and logistics infrastructure [2]. Unlike other disruption events, COVID-19 started
small but scaled fast and dispersed rapidly over many geographic regions.

COVID-19 is an infectious disease resulting from a previous variant of the coronavirus.
One of the problems that societies and countries faced during the first wave of the pandemic
was the lack of equipment to successfully manage the virus. The COVID-19 outbreak has
affected the global economy since January 2020, when it started to spread throughout the
Wuhan area in China, and then rapidly spread throughout the globe. In September 2020,
there had been cases of the disease in more than 210 countries, with 27.3 million cases of
COVID-19 worldwide, 6.4 million of which occurred in the United States. Many countries
around the world enforced lockdowns to slow the spread of the disease. In addition to the
impacts on human health, the COVID-19 pandemic has also greatly impacted the global
economy. This disruptive, unprecedented event has forced firms to rethink their business
models and reshape their SCs [3].
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The COVID-19 pandemic has caused delays and other serious problems across global
SCs, highlighting how vulnerable many SCs are to unexpected disruptions [1]. In fact, being
globalized in structure, SCs are highly prone to disasters like the coronavirus outbreak.
This happens also because coronavirus has caused simultaneous disturbances in both
supply and demand [4]. Consequently, firms should learn from this crisis and start making
fundamental changes to address the pandemic to remain sustainable from a business point
of view. In fact, the current disruption in the SC is affecting demand, labor, materials,
and delivery to consumers, forcing firms to adapt. By analyzing the food SC in India, the
authors of [5] estimated that COVID-19 has disrupted the delivery of vegetables, fruits, and
edible oils, whose availability decreased by 10% on average. Fortunately, these shortages
have not been followed by a price increase. By analyzing the impact of COVID-19 in France,
in [6] the authors show how the pandemic impacts firms’ capacity to identify and assess
SC risks. This implication is due to the complexity of global disturbances that firms are not
able to predict through traditional systems and that generate important negative impacts
in the short-term. To overcome this limitation, the authors of [7] suggest to use advanced
Artificial Intelligence systems that connect to the eco-system and mitigate the risks of
disruptions in both the supply and the demand. These two disruptions have been also
studied by [8], who show how the propagation of both risks has a negative influence on
people and firms. They applied some propagation models to samples from Germany, Italy,
and Spain and demonstrated that bottom-up approaches can induce to higher estimates
than optimal solutions. These cases and applications highlight the importance of estimating
the SC risks and their amplitude to properly assess the impact of disruptive events like
COVID-19 on firms and the society at large.

To contribute within this research field, this research analyzes how COVID-19 affects
the business sustainability by analyzing the performance as well as how firms can react
to the pandemic challenges by both adopting ad hoc lean SC practices and investing
in digital technology [9]. These two actions enable business sustainability by allowing
firms to mitigate the negative effects of COVID-19. We start our analysis by defining the
business sustainability, which considers the firms’ performance and measures them as
the percentage of loss that firms face due to COVID-19. When the loss is minimal, firms
enjoy high business sustainability. To study sustainability in terms of performance, we
focus on two main lean SC practices: lean omnichannel strategies and lean supply chain
coordination mechanisms. In fact, countless firms have adopted omnichannel solutions to
mitigate the negative consequences of COVID-19 adopting lean practices to better manage
operations (e.g., inventory management) [10]. Furthermore, we study the impact of lean
SC coordination through contracts on business sustainability. During the first wave of
COVID-19, many firms faced problems related to contractual agreements with suppliers
and partners [1]. SC coordination can activate mechanisms to accommodate exceptions and
issues linked to COVID-19 and allow firms to maintain a high level of performance; hence,
firms have used lean coordination mechanisms during this period. To pursue our research
objectives, we study the role of business sustainability to achieve firm resilience. Firm
resilience refers to an entity’s capacity to re-establish the performance levels it had before
the COVID-19 outbreak. We expect that a high level of business sustainability leads to high
resilience. Finally, resilience can also be achieved through digitalization exemplified by
mobile apps, Artificial Intelligence systems, and Big Data and Machine Learning. Several
companies have examined these digital technologies to mitigate the negative effects of
COVID-19, maintain contact with consumers, and reinvent their business models [7].

To pursue our research goals, we run a set of logistic regressions using a sample of
119 firms. We collected the data from Italy thanks to the affiliates of Confindustria that have
their headquarters spread all over the world. Our goal is to produce empirical results that
can be used by SCs to respond to the pandemic and guarantee pre-coronavirus performance
in the short term. Specifically, this research seeks to provide items that make firms resilient
and protect their performance during challenging pandemic periods like that faced during
the first wave of the COVID-19 pandemic.
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The rest of this paper is organized as follows. In Section 2, we analyze the literature
and derive the research hypotheses to be tested. Section 3 presents our methodology,
explains the data collection, item selection, and logistic regression models. Section 4
discusses the managerial implications, and Section 5 concludes and outlines the future
research agenda.

2. Background

It is well documented that action plans for SC disruptions vary based on the event’s
severity [11]. In this sense, COVID-19 represents a huge disruption and requires a well-
organized action plan [2,12]. One valid SC practice that firms can adopt during disruptive
events is an omnichannel approach. The advent of COVID-19 pushed firms and people to
use different channels to access to goods and services, with the result of deeply modifying
their behaviors [13]. The literature has largely detailed the possible advantages and poten-
tial applications of the omnichannel option [14]. Among the possible advantages, in [15]
and [16] the authors highlight how the omnichannel eliminates cross-channel barriers and
enables integration, communication, and data sharing. All of these elements have been
vital for firms and consumers during the COVID-19 period due to social immobility and
distance, limited access to shops and retailing, and reduced stock availability. Pursuit of
omnichannel connections can be an effective lever to mitigate all of these challenges by
combining digital and physical worlds to provide new purchasing experiences to con-
sumers [17]. Indeed, the omnichannel requires digital technologies to integrate offline
and online channels [18] by creating efficiency at all levels and become, de facto, a lean
practice. While the use of the Internet, mobile apps, and social networks have stimulated
the use of omnichannel solutions, the COVID-19 outbreak has accelerated its adoption and
diffusion [19].

This challenging path has allowed firms to use omnichannel options during the first
wave of the COVID-19 pandemic; by doing so, firms were able to carry out their business
affairs and reach consumers through different selling options in an efficient way. Therefore,
the omnichannel approach resulted in a real opportunity to guarantee minor damage to
firms’ performance, thus becoming a lean practice. Hence, a lean omnichannel is a strategy
through which firms adopt and manage omnichannel solutions aiming at efficiency and
zero waste. Through this research, we will refer to this outcome as business sustainability,
following the work by [20], to represent firms’ capacity to be sustainable during disruptive
events in terms of economic, environmental, and social performance. Furthermore, we
extend this definition to also account for operational performance, which are indeed driven
by supply chain objectives. This extension is new in the domain of sustainable and green
SC management; therefore, it highlights the theoretical contribution offered by this study.
Although firms lost a marginal slice of performance during the COVID-19 pandemic, their
business model was properly organized during the pandemic period, and performance
was highly sustainable. Within this framework, we seek to contribute to the literature by
investigating whether the lean omnichannel option can be an effective driver to achieve
business sustainability.

So far, the literature does not analyze the adoption of an omnichannel strategy to
prevent performance deterioration due to shocks and challenges that arise. In fact, the
literature focuses on omnichannel as a strategy to pursue several types of targets like stock
reduction and availability [21], delivery time [10], customer journey and experience [22].
To our knowledge, there is only one study that deals with the use of omnichannel as
an option to mitigate the risks due to COVID-19. The authors of [23] studied whether
omnichannel retailers that experienced external and internal SC disruptions during the
pandemic were able to handle the risks. Among the external disruptions, firms experienced
consumers moving from off-line to online channels with the consequence of being not
able to fully satisfy the demand. Among the internal disruptions, surely both front- and
back-end operations have been the most relevant. These disruptions can be solved by
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adopting an agile approach, which can be implemented by unlocking investments and
making quick actions.

We contribute in this research framework by shifting the omnichannel paradigm
from traditional omnichannel to lean omnichannel. The latter will be characterized by an
omnichannel strategy that can easily switch from a traditional business environment to a
risky setting due to disruptive events. Accordingly, we hypothesize that:

Hypothesis 1 (H1). A lean omnichannel strategy implemented during the COVID-19 period
enables business sustainability.

To pursue a comprehensive analysis of the business sustainability, we focus on several
performance indicators, specifically return on investments (ROI), sales, and production
costs (economic sustainability), quality, customer service, and delivery time (operational
sustainability), CO2 emissions (environmental sustainability), employees’ wages (social sustain-
ability), SC visibility and inventory availability over the SC (sustainable SC).

During the COVID-19 pandemic, SC members were forced to adapt their plans and
goals in response to the change in demand due to the worldwide lockdown [1]. Usually,
suppliers’ agreements and contractual schemes are static and rarely consider outbreak
events [24]. In fact, one common assumption in the literature of contractual mechanisms
in SC management is that the demand is known, suppliers have perfect information, and
the operational implications can be excluded from the analysis of optimality. In reality,
disruptive events that change these factors are very common; for example, the outbreak of
SARS caused a huge gap in the supply of respirators and disinfectors, and the mad cow
disease epidemic caused a significant shift in the demand for beef [25].

Coordination within the SC is usually achieved through contracts when suppliers
consider the exogenous events happening in the ecosystem [26]. These contracts are
designed to manage traditional inter-relationships between SC parties [27] as well as to
consider exceptions linked to disruptive events and stochastic events. SC coordination
is highly linked to the commercial agreements among SC parties to achieve a common
goal. The work by [27] reveals all possible contractual agreements that firms can use in
SC management. Later, the authors of [28] introduced the issue of coordination within
cases of demand disruption. Hereby, coordination aims at revising a production plan after
a disruption has occurred, instead of during the planning stage. The underlined reason
for this type of coordination is the impossibility to predict all contingencies; consequently,
providing guidance for revising a predetermined plan can be as important as making the
plan itself [29].

There is a huge difference between coordination under normal settings and coordi-
nation under disruptive events; in the latter case, the shift in demand will cause several
business threats and supply risks [4]. We believe that firms design their coordination mech-
anisms to face these new issues linked to disruptive events like the COVID-19 pandemic,
making lean coordination. The latter represents the coordination aiming at reducing the
contract complexity to focus on the important aspects of the business. Hence, it would
lead to a simplification of procedures, agreements, and negotiation, to focus on the core
business. We expect that firms that are deeply engaged in SC management have adjusted
their contractual agreements to consider the negative consequences of COVID-19 and thus
to achieve high levels of coordination even during these challenging periods. Accordingly,
we hypothesize that:

Hypothesis 2 (H2). A lean coordination pursued during the COVID-19 period enables busi-
ness sustainability.

During the COVID-19 pandemic, several discussions have been initiated in academia
in relation to resilience. The concept of resilience was first introduced by [29], who wanted
to represent a system’s adaptability and recoverability in addition to its ability to absorb
disruptions [30], which can occur within interconnected and complex systems [31]. Other
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definitions found in the literature share a common perspective on resilience, which over-
comes the recovery boundary and implies a certain level of flexibility improvisation and
ability to adapt to extraordinary events, both positive and negative [32,33] use Big Data
to identify the structure of resilience, that is, a multifaceted construct composed of SC
resilience, infrastructural resilience, community resilience, and resource resilience. All of
these ingredients linked to resilience can be activated by developing trust, information
sharing, quality of information, and public and private partnerships. By doing so, firms
and SCs can better deal with physical catastrophes and make resilient business models.

Previous literature has developed several definitions of resilience: the authors of [34]
emphasize the ability of an organization to react and recover from disturbances, with
minimal effect on its dynamic stability; in [35] the authors define three properties for a
system resilience, exemplified by absorptive, restorative, and adaptive capabilities. The
first property represents how much a system “can automatically absorb the impacts of
system perturbations and minimize consequences with little effort”. The second focuses on
exogenous system repair, while the third property measures endogenous mechanisms to
respond to disturbances. In [36], the authors investigate the concept of reactivity, which is
the capability to perform operationally and economically under unexpected conditions.
Firms and supply chains need a new managerial orientation that allows firms facing
unexpected events not to experience underperformance [36]. When firms’ reactivity is
high, their capacity to recover their financial performance after an unexpected event is also
high. In the same line, the authors of [37] highlight the need for adoption of a responsive
system approach to manage pandemics like COVID-19. For example, traditional resilience
practices of holding inventory to proactively manage a disaster for some weeks might not
be adequate. Rather, firms and SCs should adopt a flexible redundancy approach to make
both systems and networks less sensitive to unexpected outbreaks.

Within the challenges imposed by COVID-19, firms and SCs have been asked to be
highly resilient, that is, to demonstrate the ability to quickly adjust to a new reality [38].
When firms enjoy robust systems and performance, their resilience can be fast and effec-
tive [2]; in fact, resilience requires favorable economic conditions, resources, investments,
organizational changes, and market opportunities [38]. Firms enjoying business sustain-
ability have much higher chances for resilience, especially considering challenging periods
like the COVID-19 pandemic. Accordingly, we hypothesize that:

Hypothesis 3 (H3). Business sustainability during the COVID-19 period enables firms’ resilience.

In addition to the business sustainability, we seek to analyze the role of digital trans-
formation in performance resilience. In general, digital technologies facilitate the adoption
of cyber–physical integration principles in manufacturing, logistics, and SCs [39] and
guarantee quick response to incoming risks linked to SC processes [10]. As highlighted
by [40], digital technologies are profoundly modifying operations and SC management,
thereby helping firms to predict the future and identify possible disruptive events. For
example, Big Data enables several advantages, like an improved decision-making process,
operational efficiency, reputational control, fraud detection, and prediction of unexpected
events [10,41,42].

During the COVID-19 pandemic, one of the main issues that firms faced was reaching
consumers. The lockdown periods imposed all over the world created distance between
consumers and firms, with the consequence that firms could not properly predict demand,
collect information from consumers, or even reach locations and places. To mitigate these
unfortunate situations, firms have implemented and adopted ad hoc digital technologies
that facilitate a connection between firms and consumers in a digital world. This repre-
sented an amazing opportunity for firms and SCs, even though connections within the
physical world were quite limited during the first wave of the COVID-19 pandemic. The
existing literature demonstrates the importance of the adoption of digital technologies to
manage relationships with consumers and SC members all over the world [39]. Within this
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context, our goal is to analyze how digital technologies can contribute to firms’ resilience.
Accordingly, we hypothesize that:

Hypothesis 4 (H4). The adoption of digital technologies during the COVID-19 period enables
firms’ resilience.

In this research, we focus on three digital technologies, specifically mobile apps,
Artificial Intelligence, and Big Data and Machine Learning.

All research hypotheses are summarized in the conceptual model displayed in Figure 1.
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3. Methodology
3.1. Data Collection

The collection of data started in July 2020, when the first wave of COVID-19 was
coming to an end. We asked Ph.D. students, academics, managers, and professionals to
analyze the content validity of a questionnaire. After several interviews and trials, we
reached a final version of the questionnaire, which was submitted to 635 firms selected
among the Confindustria (Confederation of Italian Industry) affiliates.

To pursue the objectives of this study, several items are used to measure business
sustainability. First of all, we focused on the following performance indicators: quality,
ROI, costs, SC visibility, delivery time, customer service, inventory availability over the SC,
CO2 emissions, employees’ wages, and sales. Quality refers to the product quality, which
indicates the perception of the degree to which the product or service meets customers’
expectations. ROI represents the return on investment, which evaluates the efficiency
of an investment and the return relative to the investment cost. Cost is the marginal
production cost. SC visibility is the ability of parts, materials, or goods to be observed,
identified, and evaluated by all supply chain members, independent of their position
along the chain. Delivery time refers to the period between the purchase of a product
and the moment in which this product is effectively delivered to consumers. Customer
service is the interaction between a firm’s personnel and customers, ensures the consumers’
satisfaction, and encourages future transactions. Inventory refers to the stock availability in
warehouses and within the SC. Sales refers to the amount of goods sold. Relative to these
performance indicators, we asked the following question: “COVID-19 induced a decrease
in Performance X of ___%”, with Performance X = {Quality, ROI, Cost, SC visibility, Delivery
time, Customer service, Sales, SC Inventory, CO2 emissions, Employees’ wages}. Hence, we
measure the business sustainability by computing the indicator Sustainability of Performance
X = 1 − Loss induced by COVID-19 for Performance X.

We measured firms’ resilience in terms of time they would eventually need to re-
cover the performance lost due to COVID-19. The firms could choose among 4 possible
options: recover the performance lost within 3 months, 6 months, 12 months, or more
than 12 months. To pursue the objectives of this study, we used these pieces to identify
firms’ resilience. Then, we asked firms whether they adopted omnichannel strategies and
undertook ad hoc coordination mechanisms during the first wave of COVID-19. These
items were collected through some dummy variables, having a value of “0” if the firm does
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not adopt it or “1” if the firm adopts one of these managerial practices. Finally, we also
used a dummy variable to capture the digital technologies that firms implemented during
the COVID-19 period by asking whether they adopted mobile apps, Artificial Intelligence
systems, or Big Data and Machine Learning.

To homogenize the measure of business sustainability to the other variables, which
are all dummy variables, we selected the boundary value of 20% to determine whether
a firm was robust (losses are lower than 20%) or fragile (losses are higher than 20%). The
threshold of 20% was selected because of the match between the literature and the policies
that the governments adopted against COVID-19. Regarding the literature, the authors
of [7,10] demonstrated empirically that an unexpected shock is challenging for supply
chains only when it has an impact on performance greater than 20%. In such a case, it can
justify the use of some practices to absorb these negative consequences (e.g., blockchain,
Artificial Intelligence, vendor management inventory, and coordination). Furthermore,
many governments applied several supporting measures for firms facing performance
losses. For example, governments have set some supportive measures when the sales de-
creased of a certain percentage over a period compared to the year before. This percentage
has been fixed by the government in some instances (e.g., in Italy, firms experiencing a
downward trend in total revenues during the first wave of COVID-19 compared to the
previous year could receive some aid proportional to their loss (Ministry of Economy and
Finance—MEF, www.mef.gov.it/en/covid-19/decreti-ristori.html, accessed on 1 Septem-
ber 2021)), although it has been derived according to ad hoc procedures in some countries
(e.g., in the UK, firms can compute their relief rate by using the procedure for Business
rates relief: Retail discount–GOV.UK (www.gov.uk, accessed on 1 September 2021)).

3.2. Data Description

Among the firms that we contacted, 119 responded after 10 weeks. We used the two-
proportion t-test to check for the representativeness of the sample composition. By using
the variable “company type,” we obtained insignificantly different proportions between
the sample and the population, with p-value = 0.65. All details of the sample are displayed
in Table 1 and all survey questions can be found in the Appendix A.

Table 1. Sample composition.

Employees # % Country # % Industry # % Professionals # %

<50 31 26.05% Italy 36 30.25% Retailing 55 46.22% SC manager 30 25.21%
50–99 38 31.93% France 19 15.97% Electronics 25 21.01% CEO-President 41 34.45%

100–200 40 33.61% UK 10 8.40% Pharmaceutics 11 9.24% Production
manager 22 18.49%

>200 10 8.40% Spain 8 6.72% Agriculture 23 19.33% Purchasing
manager 11 9.24%

Germany 12 10.08% Others 5 4.20% Others 15 12.61%
Portugal 8 6.72%
Belgium 10 8.40%
Others 16 13.45%

The respondent sample can be considered appropriate for this study, as it was com-
posed of top-level executives in the positions of SC managers (25.21%), CEO-president
(34.45%), production managers (18.49%), purchasing managers (9.24%), and other profes-
sionals (12.61%). In addition, firms have different sizes in terms of number of employees,
in the ranges of <50 (26.05%), 50–99 (31.93%), 100–200 (33.61%), and >200 employees (8.4%).
Responses from the various sectors were distributed as follows: electronics (21.01%), phar-
maceuticals (9.24%), agriculture (19.33%), retailing (46.22%), and others (4.2%). Firms
surveyed belong to different countries, specifically Italy (30.25%), France (15.97%), the
UK (8.40%), Spain (6.72%), Germany (10.08%), Portugal (6.72%), Belgium (8.40%), and
others (13.45%), which includes the Netherlands, Finland, and Sweden. Several approaches

www.mef.gov.it/en/covid-19/decreti-ristori.html
www.gov.uk
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were used to assess non-response bias. The first approach consisted of comparing early to
late respondents (i.e., first and second to third surveys). A one-way ANOVA revealed no
significant differences between early and late responses for any of the items. We also used
size and total revenue, finding that no significant difference exists between groups.

Figure 2 displays firms’ resilience in percentages, which are distributed as follows:
59 firms can recover in less than 3 months (49.58%), 55 firms can recover in less than
6 months (46.22%), 4 firms can recover in less than 12 months (3.36%), and 1 firm can
recover in more than 12 months (0.84%). Accordingly, firms turn out to be most likely
optimistic by the end of the first wave regarding the chance to recover quickly and restore
their business affairs and volumes at the pre-COVID levels either in less than 3 months or
in less than 6 months. Since the most of the firms links to these two categories, we created
a dummy variable capturing resilient firms with label “1”, which will be able to recover
in less than 3 months, representing 49.58% of the sample, and non-resilient firms with
label “0”, which will be able to recover in more than 3 months and representing 50.42% of
the sample.
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4. Results and Discussion

To pursue the objectives of our study, we ran a set of logistic regression models in
Python. For each mode, we report the following outcomes: coefficients, recall, precision,
and F1 score. The coefficients indicate how the independent variables explain the depen-
dent variable. Training accuracy represents the accuracy of a model regarding the data used
to build it, while testing accuracy shows the accuracy of the model on the dataset used for
testing. The split between training and testing data was 70/30, respectively. For each model,
we derived the confusion matrix, which is a holistic tool for representing true and false
positive and negative results. Accordingly, we derive a set of indicators: (1) Recall, which
is the ratio of correctly predicted positive observations to all the observations; (2) Precision,
which is the ratio of correctly predicted positive observations to the total predicted positive
observations; and (3) F1 score, the weighted average of precision and recall.

4.1. Omnichannel and Business Sustainability (Hypothesis 1)

Our first analysis focuses on the impact of lean omnichannel strategies on business
sustainability; therefore, we ran eight regression analyses corresponding to the performance
indicators that we seek to analyze. The general equation that we used for Model 1 is:

Business Sustainability o f Per f ormance X =
eα+β∗Lean Omnichannel

1 + eα+β∗Lean Omnichannel

Table 2 reports the empirical results of Model 1, which then links to our first hy-
pothesis. Our findings demonstrate that the probability to preserve the product qual-
ity during the COVID-19 pandemic does not depend on the lean omnichannel strategy
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(Coefficient = 0.4055 with p-value > 0.1). This inconsistence in the empirical results probably
depends on the poor correlation between product quality and omnichannel strategies: usu-
ally quality is not affected by the adoption of different sales channel, since product quality
is valued according to its intrinsic benefits and not by the sales channel that was previously
delivered. Therefore, quality is a target that firms have always ensured, independent of the
pandemic period and the adoption of lean omnichannel solutions.

Table 2. Lean omnichannel and business sustainability.

Hypothesis 1 Quality ROI Production
Cost

SC
Visibility

Delivery
Time

Customer
Service

SC
Inventory Sales CO2

Emissions
Employees’

Wages

Constant 1.4663 1.0116 −0.6061 −0.2513 0.5878 −0.2513 −1.0986 −0.7621 −1.2202 1.0716
Coefficient 0.4055 −0.2697 1.0986 * 1.8608 *** −0.7129 0.1178 1.6452 ** 1.2730 ** 0.2730 0.3052

Training
accuracy 0.6304 0.6956 0.6739 0.6521

Testing
accuracy 0.6190 0.6190 0.5238 0.6666

Recall 0.7 1.0 0.5454 0.8571
Precision 0.5833 0.6190 0.5454 0.7058
F1 Score 0.6363 0.7647 0.5454 0.7741

Result Not
supported

Not
supported Supported Supported Not

supported
Not

supported Supported Supported Not
supported

Not
supported

* p-value < 0.10, ** p-value < 0.05, *** p-value < 0.01.

In the same vein, the results regarding the ROI demonstrate that the firms’ capacity to
preserve the ROI during the COVID-19 period does not depend on the lean omnichannel
strategy (Coefficient = −0.2697 with p-value > 0.1). This result can be explained by consid-
ering the huge disruption that this event created: COVID-19 led to decreased ROI in the
long run, while the lean omnichannel strategy is a short- or medium-term strategy to allow
firms to stay connected to their consumers.

In contrast, our model suggests that omnichannel application has a positive impact on
the probability of keeping production costs low (Coefficient = 1.0986 with p-value = 0.084).
This means that firms implementing lean omnichannel strategy can maintain stable costs.
Since the figures for training accuracy (0.6304) and testing accuracy (0.6190) are very
close, our model results are well implemented, as also confirmed by the indicators recall,
precision, and F1. Therefore, this model indicates that firms adopting lean omnichannel
strategies are able to maintain their cost structure during the COVID-19 pandemic. This is
likely possible because firms can serve their customers through different sales channels
without increasing marginal costs related to the adoption of a new way to serve the clients
while lowering other costs. During the quarantine period, especially considering B2C
relationships, customers have been more prone to buy through online channels instead of
going directly to the stores and taking the risk of becoming infected. This means that firms
not using lean omnichannel strategies must face rising costs in terms of inventory (goods
must be stored for longer time periods) and delivery (more people ask for delivery respect
to normal periods). Therefore, firms that implement lean omnichannel practices are more
prepared to face the emergency without facing problematic cost variation. Furthermore,
applying an omnichannel strategy enables firms to meet the demand, even if it changes
across sales channels. By doing so, the supply chain can exploit employees’ skills through
re-adaptation of their functions, thereby saving personnel costs.

The results of our model suggest that a lean omnichannel strategy has a positive
impact on the probability to achieve Supply Chain Visibility (Coefficient = 1.8608 with
p-value = 0.008). This means that firms that adopt a lean omnichannel strategy can maintain
and ensure visibility during the COVID-19 period. We believe that this result is based
on the importance of visibility across the global supply chain. Especially for firms that
outsource parts of their supply chain, the pandemic period brought a huge disruption
because of the lack of components delivered from other countries. Omnichannel strategy
helps these firms share data regarding the components of tracking and promoting quick
response: firms within the same supply chain use visibility to be aware of a potential
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disruption and exception. In contrast, firms applying omnichannel strategy have good SC
visibility through data sharing and transferring as well as shared infrastructures.

Regarding the delivery time, our results demonstrate that the probability of maintain-
ing delivery time during the COVID-19 pandemic does not depend on a lean omnichannel
strategy (Coefficient = −0.7129 with p-value > 0.1). This finding depends on the severity
of the disruption: even firms that are extremely integrated and use omnichannel prac-
tices cannot guarantee a delivery time in the case of global supply chain disruption, like
that induced by COVID-19. For example, due to the coronavirus outbreak, government
regulations prevent firms from shipping orders on time, especially because international
delivery speed and availability are variable and subject to change. Additionally, several
firms limit their deliveries to countries or regions that are facing lockdown as well as to
other areas of the world, where international flights are less frequent and the costs for air
freight transportation have increased dramatically.

Similarly to delivery time, the probability that firms can keep a high level of service to
consumers does not depend on lean omnichannel (Coefficient = 0.1178 with p-value > 0.1).
Such a result is driven by a time lapse discrepancy and by peaks in volumes: even firms
that are well structured in terms of omnichannel practices face difficulty managing the
demand shocks caused by COVID-19. Shifting channels from offline to online can offer a
solution to improve the level of service; however, it might require an important cultural
change among consumers who need time and make sacrifices to modify their purchasing
and shopping habits. Similar negative implications can be induced in terms of CO2
emissions (Coefficient = 0.2730 with p-value > 0.1) and employees’ wages (Coefficient = 0.3052
with p-value > 0.1), making lean omnichannel not effective in terms of environmental
sustainability and social responsibility. These conditions make the omnichannel strategy
less effective during COVID-19.

Regarding the supply chain inventory availability, our results show that lean om-
nichannel strategy increases the probability that firms can maintain control of their in-
ventory costs during the COVID-19 outbreak (Coefficient = 1.6452 with p-value = 0.017).
The empirical results for training accuracy (0.6739) and testing accuracy (0.5238) present a
significant variation, but we can still consider its effectiveness with sufficiently good recall
(0.5454), precision (0.5454), and F1 scores (0.5454). According to our results, firms adopting
lean omnichannel strategies can keep their inventory availability stable also during the
COVID-19 period, because omnichannel helps them optimally manage and effectively
integrate stocks across all channels (e.g., brick and mortar store, online store, social me-
dia channels) and consequently keep stocks under control. In fact, a lean omnichannel
approach facilitates integration across the supply chain channels, connecting for example
different software into one centralized system, thereby interconnecting activities. Further-
more, omnichannel allows firms to determine easily the fastest and most cost-effective
fulfillment option for each order, providing the possibility to better balance the inventory
across all SC tiers.

Finally, the omnichannel strategy increases the probability that firms will restrict sales
losses during the COVID-19 period (Coefficient = 1.2730 with p-value = 0.041); training
accuracy (0.6521) and testing accuracy (0.6666) are similar, validating the efficacy of the
model, while recall (0.8571), precision (0.7058), and F1 score (0.7741) show significant
values. Therefore, this result suggests that firms adopting lean omnichannel strategies can
increase their probability of engaging in sales also during such a disruptive period. As we
mentioned in the literature review, the omnichannel approach is helpful to increase sales
turnover by giving people a seamless and better customer experience and increase customer
loyalty. These results also apply during the coronavirus outbreak, since firms offering
lean omnichannel are more sustainable in terms of sales compared to their traditional
business models.

According to our results, hypothesis 1 is partially confirmed. In fact, our results
confirm that lean omnichannel has a positive effect on production costs, SC visibility, SC
inventory, and sales. Instead, our hypothesis is disconfirmed regarding the impact of
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lean omnichannel on quality, ROI, delivery time, customer service, CO2 emissions, and
employees’ wage. From these findings, we can derive the following proposition:

Proposition 1. During the COVID-19 period, firms implementing lean omnichannel strategies
experienced high probability to have a sustainable business in terms of SC visibility, inventory
availability, production cost, and sales. However, the presence of lean omnichannel did not guarantee
high chances to have a sustainable business in terms of ROI, quality, delivery time, customer service,
CO2 emissions, and employees’ wages.

4.2. Lean SC Coordination and Business Sustainability (Hypothesis 2)

The second model that we propose seeks to explain the relationship between lean
coordination and business sustainability. Additionally, in this case, we ran eight logistic
regression analyses corresponding to the eight performance indicators we targeted in this
research. Then, Model 2 takes the following form:

Business Sustainability f or Per f ormance X =
eα+β∗Lean SC Coordination

1 + eα+β∗Lean SC Coordination

The results of the logistic regression model are displayed in Table 3 and reveal that
lean coordination is an effective practice to increase the probability to perform product
quality during COVID-19 (Coefficient = 1.8659 with p-value = 0.032). Training (0.6739)
and testing accuracy (0.6190) are high and similar, thus confirming model robustness.
Recall (0.8), precision (0.7058), and F1 score (0.7500) also present reliable values. Therefore,
our findings inform that product quality is guaranteed during the COVID-19 period
through coordination by contracts. Supply chain coordination improves product quality
by aligning the plans and objectives of individual enterprises and ensuring responsiveness
and dynamic adjustments in the case of disruptive events like COVID-19.

Table 3. Lean SC coordination and business sustainability.

Quality ROI Costs SC
Visibility

Delivery
Time

Customer
Service

SC
Inventory Sales CO2

Emissions
Employees’

Wages

Constant −1.2528 −0.4520 −0.2412 0.1335 0.5390 −0.7538 −0.2412 0.9555 −1.3966 1.0222
Coefficient 1.8659 ** 1.1992 * 1.1575 * 0.1919 −0.0084 3.0051 *** 1.1575 * −0.5202 0.3302 0.2929

Training
Accuracy 0.6739 0.6521 0.6304 0.7826 0.6304

Testing
Accuracy 0.6190 0.8095 0.7142 0.6190 0.7142

Recall 0.8 0.8666 0.7333 0.5 0.7333
Precision 0.7058 0.8666 0.8461 0.875 0.8461
F1 Score 0.7500 0.8666 0.7857 0.6363 0.7857

Result Supported Supported Supported Not
supported

Not
supported Supported Supported Not

supported
Not

supported
Not

supported

* p-value < 0.10, **p-value < 0.05, *** p-value < 0.01.

Furthermore, our findings demonstrate that lean coordination increases firms’ proba-
bility of maintaining its ROI (Coefficient = 1.1992 with p-value = 0.057). Training accuracy
(0.6521) and testing accuracy (0.8095) present a slight discrepancy, but they still give us
reliable predictions, as demonstrated by the recall (0.8666), the precision (0.8666), and the
F1 (0.866) scores. Therefore, firms that use lean coordination mechanisms enjoy a higher
chance of preserving their ROI during disruptive events like the COVID-19 pandemic.
This result is in line with the extant literature about coordination: firms use coordination
contracts during disruptive events to obtain a better result (e.g., [10]). This result is guaran-
teed also for production costs. Our empirical analysis shows that lean coordination boosts
the probability of keeping the production cost at an acceptable level (Coefficient = 1.1575
with p-value = 0.066). The training accuracy (0.6304) and testing accuracy (0.7142) are very
close and allow us to obtain good recall (0.7333), precision (0.8461), and F1 scores (0.7857).
Therefore, lean coordination can create economic sustainability in terms of production costs
during the COVID-19 period. When the SC functions well, partners adjust the contractual
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terms to accommodate the disruptions imposed by the unexpected event, leading to less
pressure to reduce the costs and cut resources utilization.

The positive contribution of coordination is also confirmed in terms of customer
service (Coefficient = 3.0051 with p-value = 0.0001). Accordingly, lean coordination increases
the probability that firms will perform in terms of customer service. The training (0.7826)
and testing accuracy (0.6190) are reliable and corroborated by good recall (0.5), precision
(0.875), and F1 score (0.6363). Therefore, our findings suggest that lean coordination can
increase the probability to preserve the level of customer service also under disruptive
events like COVID-19. Contracts can enable firms to be more aligned and inclined to offer
the best possible customer service. This finding signals the strong collaborative approach
that partners undertake in the SC, which is exemplified by the firms’ willingness to adjust
the contract terms and clauses to perform from a consumer service point of view. The
benefits that lean coordination can grant are also evident when analyzing the inventory
associated to the firms’ business models (Coefficient = 1.1575 with p-value = 0.066). This
means that firms coordinating the contractual terms and conditions have a high probability
of maintaining their inventory management control, showing then a good robustness in
terms of inventory availability. The training (0.6304) and testing accuracy (0.7142) are
sufficiently aligned, showing good recall (0.7333), precision (0.8461), and F1 score (0.7857).
Accordingly, firms that use coordination can increase their chances of keeping control
of their inventory also in the case of disruptive events like COVID-19. Through lean
coordination, firms can better manage the inventory over the SC, adjust the inventory
stock level according to demand shocks, and still mitigate the negative consequences of the
bullwhip effect.

Unfortunately, our findings reveal that lean coordination does not significantly in-
crease firms’ probability of enjoying sustainable sales developments (Coefficient = −0.5202
with p-value = 0.426). Therefore, our results explain that firms can use lean coordination to
reach better results internally and within the SC; instead, coordination will not increase
the probability to sell more. Even in the case that the contracts are price-based, the general
negative implications are that COVID-19 has been too dramatic for the general economy;
firms are experiencing bankruptcies, people are losing jobs or receiving lower salaries, gov-
ernments’ support has become limited, etc. Therefore, more actions are needed to support
firms in achieving sustainable sales. The same result is obtained relative to SC visibility and
delivery time. Firms cannot rely on lean coordination to increase their chances to preserve
SC visibility during the COVID-19 pandemic (Coefficient = 0.1919 with p-value > 0.1). This is
probably linked to the nature of coordination, which refers to contractual agreements and
clauses like quantity, price, rebates, and discounts. In principle, those elements do not have
direct links to SC visibility, which depends on the information systems structure. Similar
motivations explain the result, showing that delivery time does not depend on coordination
(Coefficient = −0.0084 with a p-value > 0.1). Firms that seek to maintain an operational
sustainable delivery time during events like COVID-19 should look for practices that differ
from lean coordination through contracts. Similar reasoning is valid for CO2 emissions
(Coefficient = 0.3302 with p-value > 0.1) and employees’ wages (Coefficient = 0.2929 with
p-value > 0.1), whose probability to be performed cannot be guaranteed by SC coordination
because both environmental and social sustainability should be ensured independent of
pandemic events.

According to our results, hypothesis 2 is partially confirmed. In fact, our results
confirm that lean SC coordination has a positive effect on quality, ROI, costs, customer
service, and inventory. Instead, our hypothesis is disconfirmed regarding the impact of
lean SC coordination on SC visibility, delivery time, sales, CO2 emissions, and employees’
wage. From these findings, we can derive the following proposition:

Proposition 2. During the COVID-19 period, firms implementing lean coordination mechanisms
experienced high chances of having a sustainable business in terms of quality, ROI, costs, customer
service, and inventory availability. However, lean coordination did not guarantee high chances
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to have a sustainable business in terms of SC visibility, delivery time, sales, CO2 emissions, and
employees’ wages.

4.3. Business Sustainability and Resilience (Hypothesis 3)

In this section, we present the relationships between business sustainability and re-
silience with the purpose of discovering which performance indicators should be preserved
by firms to guarantee resilience. The latter represents the time firms would need in order
to re-establish the normal business conditions if COVID-19 would currently disappear. To
answer this research question, we ran a set of logistic regression models exemplified by the
following equation:

Resilience =
eα+β∗Business Sustainability f or Per f ormance X

1 + eα+β∗Business Sustainability f or Per f ormance X

The results of the regression analysis are displayed in Table 4. Note that this table
should be read differently from the results in Tables 2 and 3, since the Business Sustainability
for Performance X is the dependent variable in Models 1 and 2, while it is the independent
variable in Model 3.

Table 4. Business sustainability and resilience.

Quality ROI Costs SC
Visibility

Delivery
Time

Customer
Service

SC
Inventory Sales CO2

Emissions
Employees’

Wages

Constant 0.0117 −0.5390 0.4855 −0.5878 0.9555 0.3102 0.0800 −0.1823 −1.0005 1.0382
Coefficient 0.2113 1.5888 ** 0.0899 1.3762 ** −0.6678 0.5371 0.6131 1.0696 * 0.3225 0.2782

Training
Accuracy 0.6956 0.6739 0.5217

Testing
Accuracy 0.6666 0.6190 0.6666

Recall 0.9090 0.7272 1.0
Precision 0.625 0.6153 0.6666
F1 Score 0.7407 0.6666 0.8

Result Not
supported Supported Not

supported Supported Not
supported

Not
supported

Not
supported Supported Not

supported
Not

supported

* p-value < 0.10, ** p-value < 0.05.

Our findings demonstrate that firms’ ability and probability of being resilient do not
depend on quality (Coefficient = 0.2113 with a p-value > 0.786). This result is probably
linked to internal nature of quality, which is not affected by external shocks like COVID-
19. Therefore, our results suggest that firms aiming at resilience should not look at the
operational sustainability in terms of quality to achieve their target. Similarly, firms’
ability to be resilient does not depend on production cost (Coefficient = 0.0899 with a
p-value > 0.883). This result is probably linked to the fact that the cost structure changed
considerably due to the coronavirus outbreak, and firms lost important economies of scales
and scope due to the business stoppage. Therefore, the economic sustainability expressed
in terms of cost has been quite a challenge for firms, and recovery will be very difficult.

In the same vein, our model explains that firms’ probability to be resilient does not
depend on loss linked to delivery time (Coefficient = −0.6678 with a p-value > 0.304).
This result comes with the decrease in control that firms have over the delivery time
due to the global SC disruption and the related delay in the worldwide supply network.
Accordingly, providing an operationally sustainable delivery time does not guarantee a
higher probability to recover within the short time period. A similar result is obtained when
analyzing the sustainability of customer service (Coefficient = 0.5371 with a p-value > 0.393)
and inventory availability (Coefficient = 0.6131 with a p-value > 0.1). Although firms have
invested during the COVID-19 period in providing a high level of customer service and thus
preserve its robustness, the probability of being resilient does not increase. This outcome
can be linked to the strong relationship that exists between consumers and firms, which has
been created over time and is not perturbed by COVID-19. Therefore, increasing the level
of service for customers will not translate into a higher probability of quickly recovering the
business affairs, since this will probably already be the case. That is, when the pandemic
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period is over, both firms and consumers will go back to normality and reactivate their
standard relationships, independent of the operational sustainability achieved in terms of
level of service. The same applies for inventory management. That is, firms can manage
inventory internally and over the SC will not be able to recover their business affairs faster
because the management of stocks is always optimized, independent of the existence of
COVID-19. Similarly, neither the environmental (Coefficient = 0.3225 with p-value > 0.1) or
the social sustainability (Coefficient = 0.2782 with p-value > 0.1) that we study turn out to
be positively impactful for resilience, showing a certain distance between environmental
performance and social outcomes with operational aspects like resilience.

In contrast, the probability of being more resilient is linked to the sales (Coefficient = 1.0696
with p-value = 0.085); therefore, firms preserving 80% of sales during COVID-19 will be
able to restore their business at the pre-coronavirus levels within 3 months after the end of
the pandemic. The training (0.5217) and testing accuracy (0.6666) are similar to the good
recall (1.0), precision (0.6666), and F1 scores (0.8). Sales robustness is a signal of business
continuity, even during the pandemic period, which informs on the important efforts made
by firms to continue selling also during disruptive moments. As previously mentioned,
the adoption of an omnichannel strategy allows firms to achieve this goal.

Furthermore, our findings demonstrate that sustainability ROI has a positive impact
on resilience (Coefficient = 1.5888 with p-value = 0.014). This means that firms that have
lost less than 20% of their original ROI due to the disruptions from COVID-19 can recover
their standard business affairs within 3 months after the end of the pandemic period. The
training (0.6956) and testing accuracy (0.6666) are similar, thus confirming the efficacy of
the model with good recall (0.9090), precision (0.625), and F1 score (0.7407). Therefore, we
can conclude that firms with a sustainable ROI will be resilient and will recover in less than
3 months.

Regarding SC visibility, the empirical results suggest that resilience is a feasible target
(Coefficient = 1.3762 with p-value = 0.042). Accordingly, firms enjoying a sustainable SC
toward SC visibility can recover their business affairs at the pre-coronavirus level within
3 months after the end of the pandemic period. The training accuracy (0.6739) and testing
accuracy (0.6190) are similar, confirming the efficacy of the model with satisfactory recall
(0.7272), precision (0.6153), and F1 scores (0.6666). Therefore, we can state that a sustainable
SC visibility increases firms’ probability of being resilient. Specifically, firms that maintain
more than 80% of their SC visibility have greater chances to recover within 3 months.

According to our results, hypothesis 3 is partially confirmed. In fact, our results
confirm that Resilience depends on sustainability of ROI, SC visibility, and sales. Instead,
our hypothesis is disconfirmed regarding all other business performance. According to
these results, we can derive the following proposition:

Proposition 3. During the COVID-19 period, business sustainability in terms of ROI, sales, and
SC visibility increases the firms’ probability to be resilient, which cannot be instead improved by
preserving the costs, delivery time, customer service, inventory availability, CO2 emissions, and
employees’ wages.

4.4. Digitalization and Resilience (Hypothesis 4)

In the final analysis, we analyze the links between the adoption of digital technologies
and the firms’ probability of being resilient. To pursue our research objective, we ran the
following regression model:

Resilience =
eα+β∗Digitalization

1 + eα+β∗Digitalization

where Digitalization = Mobile Apps, Artificial Intelligence, Big Data, and Machine Learning.
Table 5 summarizes the results of our logistic regression model, which show that

neither Artificial Intelligence systems nor Big Data and Machine Learning are suitable
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digital technologies to increase the firms’ probability to recover in less than 3 months
after COVID-19.

Table 5. Digitalization and resilience.

Mobile Apps Artificial Intelligence Big Data and Machine Learning

Constant 0.342 −0.2280 0.3532
Coefficient −1.2040 * 0.0583 0.0654

Training Accuracy 0.6956
Testing Accuracy 0.5809

Recall 0.59
Precision 0.5846
F1 Score 0.61
Result Supported Not supported Not supported

* p-value < 0.10.

In contrast, the adoption of mobile apps influences firms’ probability of being resilient,
but through a different sign with regard for our expectations (Coefficient = −1.2040 with
p-value = 0.062). Training (0.6521) and testing accuracy (0.5809) as well as the related recall
(0.59), precision (0.5846), and F1 score (0.61) show good values. These empirical results can
be linked to behavioral motivations: the adoption of mobile apps to engage consumers
during COVID-19 changes purchasing and shopping habits. The length of the pandemic
period led consumers to adjust their behavior and adapt to new restrictions within the
shopping experience. For example, people were forced to move from physical shopping at
a supermarket to the use of mobile apps for home delivery, and some will not return to
their original habits. Therefore, the adoption of mobile apps to stay in contact and engage
consumers during the COVID-19 period increases the probability that firms will recover
their standard business affairs in more than 3 months, since they need to re-equilibrate the
business model with new consumers’ purchasing and shopping habits.

According to our results, hypothesis 4 is partially confirmed. In fact, our results
confirm that Resilience depends on digital apps. Instead, our hypothesis is disconfirmed
regarding Artificial Intelligence and Big Data and Machine Learning. From these results,
we can derive the following proposition:

Proposition 4. During the COVID-19 period, firms adopting mobile apps decrease their probability
for resilience. In contrast, implementing Artificial Intelligence systems, Big Data, and Machine
Learning do not impact firms’ probability of being resilient.

5. Conclusions and Future Extensions

Our research provides an analysis of practices and actions that firms can undertake
to preserve their performance during the COVID-19 period and achieve business sustain-
ability goals. The literature shows a gap in this sense because previous research did not
address the following questions: can lean supply chain coordination and lean omnichan-
nel improve the business sustainability during COVID-19? Can business sustainability
and digital technology make firms more resilient during COVID-19? To answer to these
questions, we developed and tested several research hypotheses by using a dataset of
119 firms and running a set of logistic regression models. Our investigation focused on
firms’ business sustainability, which represents firms’ capacity to limit performance loss
during the first wave of COVID-19. In this study, a performance indicator was consid-
ered sustainable when it decreased less than 20% during the COVID-19 pandemic. This
measure was selected according to the governments’ policies that supported all firms
that lost a considerable amount of business due to COVID-19. For example, firms in the
restaurant industry received special aid when their sales decreased more than 20% during
the COVID-19 period in Italy and in France. Accordingly, we detected sustainability in
terms of performance relative to quality, service level, inventory availability over the SC,
production cost, delivery time, ROI, SC visibility, and sales. We investigated whether firms
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that modified their SC operations were able to guarantee performance sustainability. We
focused on two lean supply chain practices, namely lean omnichannel and lean supply
chain coordination. That is, we investigated whether firms adopting lean omnichannel
strategies and firms adjusting their contractual terms with SC partners to incorporate the
challenges imposed by COVID-19 were able to ensure a sustainable business.

Furthermore, we focused our attention on firms’ resilience. Specifically, we investi-
gated how firms perceive the capacity to re-establish pre-COVID business affairs and focus
on the time firms would need to recover their business affairs if COVID-19 had ended the
day after the interview. We observed that 49.58% of the sampled firms could recover in less
than 3 months (high resilience) and 50.42% of them could recover in more than 3 months
(low resilience). We then investigated whether business sustainability influences firms’
probability for resilience. Finally, we analyzed the impact of digitalization on resilience
by focusing on the adoption of digital technologies. The latter allowed firms to stay in
touch, communicate, and exchange information with consumers who were unable to freely
circulate the eco-system.

Our findings demonstrate that firms should invest in lean omnichannel strategies to in-
crease their probability for business sustainability in terms of production costs, SC visibility,
inventory, and sales. Therefore, managers who want to preserve one of these performance
indicators during catastrophic periods like COVID-19 should invest in lean omnichannel
strategies. Unfortunately, this approach is not effective for preserving ROI, product quality,
delivery time, and customer service; therefore, firms should look at other SC practices to
guarantee business sustainability for these performance indicators. Additionally, firms can
rely on lean SC coordination to ensure business sustainability. Coordination, in fact, links
to firms’ contractual agreements and clauses, which can be modified during crises like
COVID-19 to face all challenges with the supply chain partners. Our findings show that
lean coordination increases the probability for business sustainability in terms of product
quality, ROI, production costs, customer service, and inventory. Therefore, decision-makers
who want to preserve one or more of these performance indicators can push for SC co-
ordination. In contrast, coordination is not effective in preserving SC visibility, delivery
time, CO2 emissions, employees’ wages, and sales, which require alternative practices
and solutions. We discovered that business sustainability is linked to firms’ probability of
resilience. Our findings suggest that sustainability for ROI, SC visibility, and sales should
be pursued during challenging periods like the COVID-19 pandemic to ensure resilience.
Interestingly, the latter is negatively affected by the digital transformation carried out
through mobile apps, since this digital technology changes consumers’ habits and way of
shopping, thereby inducing consumers to adopt new and different purchasing behaviors
that could be maintained by consumers even after the COVID-19 period and could require
more time to re-establish firms’ business affairs. In other words, Artificial Intelligence
systems and Big Data and Machine Learning do not impact firms’ probability for resilience.

This research has several limitations that are listed hereby to inspire future research
in the same field and following the same lines. This study works with data collected at
the national level. Other types of data can be collected to make the analysis more specific.
We focused on two major SC practices, lean omnichannel and lean coordination, since
these were easy for firms to adopt during the COVID-19 pandemic. In the future, other
lean practices could be investigated like supply chain integration, network restructuring,
and complexity management. We focused on seven performance indicators; therefore,
future research can extend our analysis by considering other types of performance like
flexibility, inventory turnover, inventory cost, and time-to-market. A follow-up study
could be conducted to analyze the same research hypotheses during the second and the
third waves. Finally, other digital technologies could be explored like Blockchain, Digital
Supply Chain, 3D printing, Cloud computing, and Robotics. One should consider that
some interesting technologies like Artificial Intelligence as well as Big Data and Machine
Learning resulted to be not statistically significant. Although this is true, more research is



Sustainability 2021, 13, 12369 17 of 19

needed to investigate the roles of these technologies in other contexts, like sustainability
and ethics. This is a research avenue that the authors are currently exploring.
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Appendix A. Questionnaire

Appendix A.1. General Information

1. Indicate your company type

- Manufacturer
- Wholesaler
- Distributor
- Supplier
- Retailer
- Others

2. Indicate the average number of employees in the last two years:

- <50
- 50–99
- 100–200
- >200

3. Indicate your average turnover (millions) in the last two years
4. Indicate the country in which your company has its headquarter
5. Indicate your corporate role (e.g., manager, managing director, CEO, etc.)
6. Indicate the sector in which your company works

Appendix A.2. Business Sustainability

During the period January–June 2020, in which percentage did your company experi-
ence a deterioration of performance due to COVID-19?

- Inventory availability
- Customer service
- ROI
- Sales
- Quality of products
- On-time delivery
- Production cost
- Supply Chain Visibility
- CO2 emissions
- Employees’ wages

Appendix A.3. Supply Chain Practices and Technologies

During the period January–June 2020, which actions have been adopted to properly
respond to challenges due to COVID-19?

- We adjusted the contract terms and clauses according to the pandemic situation
(Supply Chain Coordination)
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- We implemented omnichannel strategies (Omnichannel)
- We adopted the following digital technologies:

o Mobile Apps
o Artificial Intelligence
o Big Data and Machine Learning

How many months would you need to restore your company’s business affairs and
volumes lost due to COVID-19 during the period January–June 2020?

- Less than 3 months
- Less than 6 months
- Less than 12 months
- More than 12 months
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