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1 Introduction

Digital transformation has proven to be a compelling force capable of shaping the strategic
orientation of organisations, driving growth and fostering innovation through the integra-
tion of digital technologies and related capabilities [1-3]. With the increasing pervasive-
ness of Information and Communication Technologies (ICTs) in the fabric of economic
activities [4—6], a heterogeneous response of individuals, companies and institutions has
taken place, reflected in different rates of adoption and mastery of digital tools. This phe-
nomenon has been analysed under the general umbrella of the digital divide, a concept
originally coined to describe the gap in access to IT infrastructure in terms of connection
quality and device availability [7-9]. Afterwards, the capillary spread of ICT also con-
tributed to widening the definition of the digital divide beyond infrastructural endow-
ments by including specialised human resources and digital market providers [10, 11].
This shift from simple adoption rate to digital skills and further to related performance
has triggered an academic debate on the digital divide at multiple levels such as access,
usage and performance [9]. All these layers reflect different and progressive modalities
of digital engagement. These modalities have significantly increased the relevance of the
digital divide to numerous everyday activities in the business and socio-economic spheres
that rely on digital artifacts and/or digital skills [6, 12, 13].
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In this respect, the literature on the digital divide has not developed a homogeneous
corpus of analysis. New forms are rapidly emerging, whose specific aspects for industries,
companies and territorial levels are receiving increasing attention [14—17]. Within this
literature, the corporate digital divide has emerged as a central and burgeoning theme in
the management literature, as it has implications for the competencies development dur-
ing the current digital transformation [15]. The corporate digital divide literature analyses
the reasons for differences in ICT adoption across organisations, including the role of
geographical and competitive factors [18]. Similar to individuals, organisations that are
unable to keep up with continuous innovation cycles often struggle to adapt to new tech-
nologies. This phenomenon leads to a digital divide across multiple dimensions, including
firm size, sector, location and performance, which in turn help shape the digital divide it-
self. The corporate digital divide is not primarily due to the adoption of some basic digital
technologies that are widely used in companies, but to the level of knowledge, in other
words, the link between technology and skills [15]. As yet, the literature on the digital di-
vide has remained relatively silent on how the digital divide works at the corporate level,
and there are very few studies that address this specific topic [16]. This can be attributed
to the fact that the corporate digital divide is still difficult to observe because of the lack of
accounting metrics that can provide information about investments in information tech-
nology (IT) or digital capabilities [19, 20].

The analysis of corporate websites [21] offers a possible way out of the scarcity of data on
the digital behaviour of companies. Accordingly, corporate websites are the “digital foot-
print” of organisations and part of the new codified knowledge that is becoming increas-
ingly accessible to researchers and analysts to study corporate behaviour and performance
in addition to/alongside more traditional data sources [22—24]. This is because websites
are the self-presentation of strategic information to external stakeholders: the marketed
products/services, delivery modalities, mission and vision, internal competencies, rela-
tionships with other companies and universities, research activities, their location and
facilities [22, 25-28].

This makes websites, especially corporate websites, an indispensable open data source,
not only to measure the visibility and reputation of the company, but also to investigate
the digital competencies that go beyond this [29]. While a company may hire software
houses or external IT consultants to develop websites, assessing the quality of these ef-
forts requires specialised knowledge and skills [30, 31]. Accordingly, some studies have
exploited the characteristics of websites as broader signals of companies’ digital aware-
ness [32, 33]. Previous research, however, has identified a shortcoming of studies analysing
the digital behaviour of companies with large website samples [16]. Thanks to the recent
development of web scraping techniques [34—36], we aim to contribute to fill this gap by
using information from the company website to investigate the corporate digital divide at
a large scale, also taking into account different company characteristics (e.g. size, indus-
try, age and geographical context). Specifically, we scraped the websites of 182,705 Italian
firms in 2021 and extracted ten characteristics related to technical libraries, performance,
security level, speed, links and social media. We then analysed the characteristics of the
company websites in combination with the corresponding company balance sheet data.
Instead of examining the content of the websites, we focused on a list of “objective” avail-

able IT features, following the emerging stream of research linking new IT technologies
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to business-related capabilities [37, 38]. We then summarise the IT characteristics of cor-
porate websites in a new Corporate Digital Assessment Index (CoDAI).

We analyse the Italian case because of the well-known sharp socio-economic disparities
between northern and southern regions [39]. Moreover, Italy is a unique case in Europe of
an industrialised country lagging behind other EU countries in terms of digital readiness.!

Our findings highlight a significant corporate digital divide in terms of company char-
acteristics such as size, sector and age, as well as territorial characteristics of company lo-
cation, and open up new perspectives for monitoring and data-driven analysis. Even when
controlling for the effects of the wide band spread, our results persist and pave the way for
further empirical research. Considering the low correlation between the IT characteris-
tics of websites, the digital-related variables we used seem to capture specific capabilities
and confirm the need to study the different aspects of this multifaceted phenomenon. To
address the need for synthetic indicators and improve comparability among firms (and
territories), we propose an aggregation of ten features. These features are interpreted and
categorised according to a theoretical building process based on the company’s digital
space(s): technical capabilities, internal organisation, external stakeholder engagement,
and digital culture.

The integration of these four sub-indicators results in the Corporate Digital Assessment
Index (CoDAI). To show the reliability of our index, we use maps, regressions and a com-
parative analysis of the top 1% of low and high-performing companies in terms of their
CoDAI score.

The article is organised as follows. Section 2 reviews the literature on the economic and
digital divide and the role of websites in measuring digital capabilities. Section 3 describes
the data collection process and the methodology used. Section 4 presents the results of the
empirical investigation of the digital divide phenomenon. Section 5 discusses the findings,
highlighting the limitations of this work and providing concluding remarks.

2 Literature review

2.1 The digital divide notion: a corporate perspective

The notion of the digital divide was initially coined to refer to the different levels of ICT
penetration among individuals and households [8, 11, 19]. Then, the massive spread of the
Internet drew attention beyond the simple adoption rate to another level of ICT use [10].
The transition from the industrial society to the information economy [4] and the recent
conceptualisation of “onlife” societies [40] with the new role of ICT as “reality shapers” [6]
has increased the relevance of the digital divide as an expression of the socio-economic
gap between individuals, companies and territories. Accordingly, the digital divide has
evolved into a multifaceted and more sophisticated theme that also encompasses the skills
and abilities developed to use technological tools [8, 12, 13]. This has made it possible to
shed more light on the competitive factors of the digital economy, as ICTs are firmly em-
bedded in the fabric of socio-economic systems [5, 18]. Moreover, with the pervasiveness
of digital transformation over the last decade, the digital divide concept has gained further
importance as it can serve as a measure of economic performance [15]. This is particularly
relevant when considering the increasing penetration of ICT and the complementarity be-
tween physical and digital technologies in the production and consumption of goods and

1See the results of the Digital Economy Society Index, available at: https://digital-strategy.ec.europa.eu/en/policies/desi.
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services (e.g., cloud computing, artificial intelligence) [41]. Although there is a growing
awareness of the digital performance of countries and regions, the concept of the digital
divide has rarely been applied to companies as units of analysis.

As recent contributions have shown, digital transformation has a remarkable impact on
the structure of companies, as it is a strategic transformation of the organisation and core
capabilities of businesses enabled by digital technologies [3]. The rapid pace of technolog-
ical change over the past decade has challenged the status quo of firms across industries,
leading to gaps in digital awareness among managers and employees and an uneven ac-
cumulation of digital skills [1, 15]. Internal routines and relationships with customers and
suppliers have changed radically in various aspects such as responsiveness, control of pro-
duction and digital marketing [42—44]. In the realm of I'T, digital transformation stands out
as a unique development due to the incorporation of advanced technologies such as cloud
computing and artificial intelligence (AI), as well as the availability of big data resources.
Thanks to their generative and combinatorial properties, these technological advances
have allowed companies to open their boundaries to external contributions (e.g. sharing
code on GitHub). It is essential to recognise the importance of linking digital transforma-
tion to resources, processes and organisational solutions that may be completely new to
the firm or require some adaptation of existing ones [42, 45].

Accordingly, the development of new capabilities to favour business model adaptation to
the new techno-economic scenario requires a digital sensing activity by the firm [42]. The
ubiquity of ICTs requires not only the ownership of specific resources but also the creation
of specialised human resources to frame the new possibilities opened by digital affordance
property, that is, the creation of endless reconfiguration by the use of the same inputs or a
creative (re)combination of them [41, 44]. All in all, while we have quite extensive theoreti-
cal evidence that digital transformation has impacted the structure and strategic approach
of companies, we still struggle to collect detailed and fine-grained measurements at the
firm level [20]. In other words, there is still a lack of data to assess organisations’ response
to the adoption of digital technologies and whether they have developed adequate digi-
tal capabilities. Therefore, the literature is relatively silent on the corporate digital divide
between different types of companies operating in different industries and regions.

There is a growing body of literature recognising the complex nature of the paradoxi-
cal situation in which there appears to be an abundance of digital technologies without
sufficient evidence of this in the data [20, 46, 47]. This can be attributed to various fac-
tors, including the typical delay between the introduction of a disruptive technology such
as Al and the subsequent increase in productivity. The monopolies of large technology
companies in these key technologies can also partly explain this trend. Finally, the lack of
suitable statistical measures, such as those of human capital in the IT sector, may con-
tribute to masking the phenomenon.

Against this background, the digital footprints of organisations and individuals have re-
cently become available for empirical analysis thanks to the proliferation of methods such
asweb scraping [17, 22, 26, 35, 48]. In other words, looking at information published on the
Internet from the perspective of digital signalling theory [32, 33] makes it possible to relate
the digital artefacts produced (such as the characteristics of a company website) to a set of
underlying digital and managerial capabilities of firms [49]. Recent studies have exploited

this source of information, investigating different aspects related to internal strategic fac-
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tors, innovative behaviour and relational aspects of the firm [22, 26, 36, 48, 50—54]. Further

details on this recent trend are presented in Sect. 2.3.

2.2 The use of websites to measure the digital footprint of firms

The widespread use of websites by companies, including small and medium-sized enter-
prises (SMEs), represents an interesting potential source of information to bridge the gap
between the need to assess the digital performance of firms and the lack of detailed indi-
cators. This is possible due to the strategic role that websites play in the information and
knowledge economy.

A website is a digital tool capable of reducing information asymmetry between two par-
ties and facilitating corporate operations (delivery, customer service, internationalisation)
[55]. Its maintenance, use, and development imply some extra costs for the firms. This
makes a website a “near-costless measure of marketing” [17] and, more generally, an effec-
tive proxy for capturing the digital footprint of economic actors [21, 22, 48, 56].

The massive use of websites offers some advantages in data collection compared to tradi-
tional methods due to their (i) “unobtrusiveness’, (ii) accessibility, (iii) temporal frequency,
(iv) granularity and (v) coverage [21, 22, 24, 26, 57-59].

Unobtrusiveness derives from the possibility of collecting the reported information di-
rectly, without the need to directly involve a company or a set of companies (e.g. in sur-
veys). This saves time in collecting information and is less variable than a traditional sur-
vey. Accessibility results from the open-access nature of websites as sources of informa-
tion and the reproducibility of the analysis. Websites, especially corporate websites, are
updated much more frequently for business reasons than traditional information sources
such as surveys (temporal frequency).

In addition, the information reported on a website has a much more customisable degree
of granularity than traditional collection methods (albeit with increasing post-processing
work). Finally, the massive analysis of websites has the potential to extend coverage to al-
most the entire company population (without non-response), overcoming the limitations
of traditional survey methods based on the selection of a representative sample, increas-
ing the granularity of industrial classification [60]. This makes it possible to agnostically
recognise common and recurring characteristics and identify hidden peculiarities that re-
main under the tip of the iceberg. A first key signal is the identification of dead companies
by checking homepage URLs and capturing “zombie firms” via very few working hyper-
links [60].

However, the available company websites are a convenience sample. In addition, extract-
ing data directly from websites may pose some problems regarding the reliability of the in-
formation, even though companies are more likely to receive negative feedback from the
customers and/or business partners they interact with if they exaggerate or mystify real-
ity. Therefore, the general trend in the literature is to consider this information as truthful
or at least verifiable [28]. Regardless of the availability of websites, there are some doubts
about the typology of companies that can be found on the internet. For example, market-
oriented companies (e.g., Business to Client — B2C) are most likely to be found in this
group.

However, we have less evidence of subcontractors or intermediaries (Business to Busi-

ness — B2B) whose activities may remain in the shadows to respect the will of their end
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customers (e.g. preserving trade secrets or preventing competition) [28]. In this case, en-
couraging signals come from the demand for certificates (such as the International Or-
ganisation for Standardisation — ISO) by value chain leaders, who generally urge subcon-
tractors and suppliers to show them as digital “business cards” Nevertheless, the available
company websites are a non-representative sample to study company dynamics, and an
appropriate process can be put in place to rebalance the available information across ge-
ographical areas and sectors.

The difficulties in processing website data are related to its reliability and data mining
techniques. There are still some technical problems with the homogeneous processing of
website data, which by its nature is organised in different formats, has different dimen-

sionality and consists of non-textual parts (e.g. graphics and images) [22, 50, 56].

2.3 The use of webscraping at the corporate level

Initial scholarly works dealing with corporate web scraping focused primarily on analysing
relatively small samples, with an emphasis on textual content. These efforts were mainly
aimed at assessing the reliability of websites as alternative sources of information in rela-
tion to other innovation indicators (such as the research and development rate), for the
cases of green technologies [22] and nanotechnologies [50]. Both studies underline the
complementarity between traditional sources of information and information from com-
pany websites, the latter being considered extremely useful for assessing the commercial-
ization phase of the innovation process. Further research has been conducted to analyse
the company’s external collaborations, specifically evaluating different types of relation-
ships, considering university, industry and government as potential partners, by counting
keywords for three consecutive years and identifying statistical evidence of the impact on
sales growth. [26]. Along the same line, corporate websites have also been used to opera-
tionalise management concepts such as “dynamic capabilities” at the micro level. Through
the application of topic modeling, it has been demonstrated that changes to a website can
reflect a strategic change within the company [36].

Despite the increasing popularity, research on these new data sources is very frag-
mented, with many exploratory analyses and elements that may not be applicable in all
situations, as previously emphasised by [61].

However, things seem to have changed with the recent advent of massive corporate web
scraping in social science, which allows researchers to access huge datasets that are not
limited to textual content but also include the structures of websites, especially hyper-
links. This approach facilitates comprehensive comparisons between information from
websites and balance sheets or national business registers [48, 51-54, 62]. Early studies
of this kind have examined the distribution of URLs on a large scale and looked at the
potential websites that serve as complementary sources of information to the Big Data of
statistical offices or the repositories of private companies [48]. Various topics were inves-
tigated, such as the emergence of inter-firm relationships and the proximity of companies
in terms of organisational forms and strategies, and these data were integrated with geo-
referenced company addresses using machine learning algorithms to validate potential
classifications of company profiles [51]. Knowledge flows between companies were also
studied on a large scale, looking at the overlapping characteristics of social media and
website hyperlinks and uncovering different structural networks between the two types
[62]. The use of hyperlinks on a large scale deepened the theoretical understanding of the
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connections that the geography of innovation approaches might draw between the digi-
tal spaces and the real business connections, building on a framework of digital layers of
firms, analysing different types of proximity (cognitive, geographical and organisational)
[52, 53] thus confirming the idea originally proposed by [51]. More recently, improvements
have been proposed to refine the methods for identifying the most relevant information
to be extracted from websites. This includes the use of enterprise-level Al in three Euro-
pean countries, combining website texts, hyperlinks and company metadata with machine
learning techniques to improve the accuracy of information extraction [54].

3 Data collection and methodology

3.1 Data collection

We use the Advanced Industrial Document Automator (AIDA) database to collect Italian
company data. The AIDA database contains the balance sheet information of companies
provided by Bureau van Dijl(.2 On a total of 2,180,820 Italian firms available in the dataset,
we found 450,348 firms with URL website information available, 21% of the total.

We implemented in python our crawler script using a combination of different
well-known libraries: requests,® scrapy,* beautifulsoup,” trafilatura,®
builtwith.” Moreover, we collect results for each website querying Google Lighthouse
framework® and external services to assess the security of the websites.Google Lighthouse
is an automated open-source tool for improving the quality of websites. You can apply it to
any website. It evaluates performance, accessibility, progressive web apps, search engine
optimisation (SEO), etc. For more details, see Sect. 3.2. The framework used to evaluate
the security of websites is Security Header.” This is a cybersecurity company that focuses
on identifying vulnerabilities in web applications and Application Programming Interfaces
(APIs) with its Dynamic Application Security Testing (DAST) tools. The service offers an
evaluation system that analyses HT'TP response headers.

The crawler tool has been executed in a multiprocess server. Each website request is
performed by a single process executed in a dedicated CPU. The server bandwidth was up
to 1 Gigabit.!°

The crawler extracts the content and the corresponding features only from the home-
page of the respective company website. This choice may mean that some information
found on other subpages, such as dedicated social media pages, is not taken into account,
which could be a limitation of our work. However, our approach is in line with the cur-
rent literature on corporate web mining, which considers the information on homepages
as the priorities chosen by companies [63]. Moreover, this eases the computational, time
and space requirements for obtaining the data needed for our purposes, which focus on
technical features found mainly on homepages.

Zhttps://www.bvdinfo.com/it-it/le-nostre-soluzioni/dati/nazionali/aida.
3docs.python-requests.org.

https://scrapy.org)/.
Shttps://www.crummy.com/software/BeautifulSoup/bs4/doc/.
Chttps://trafilatura.readthedocs.io/en/latest/.
"https://pypi.org/project/builtwith/.
8https://developers.google.com/web/tools/lighthouse.
“https://securityheaders.com/about/.

Ohttps://www.garr.it/en/garr-en.
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Next, we stored the results of the crawling activities on a MongoDB!! instance, a
document-oriented NOSQL database that gave us the flexibility we needed to store and
update the collected information. The characteristics of each company were stored in a
single MongoDB document.

The crawling activity was performed from January 2021 to March 2021, with a further
update in September 2021. As a result, we obtained valid content for 347,010 compa-
nies. For the other URLs, the crawler encountered two possible issues: timeout errors
and an HTTP code not equal to 200. Therefore, we obtained a valid set of features for
77% of the original sample. Together with the homepage URL, we included information
on the company characteristics, such as geographical localisation at different levels: re-
gional (NUTS-2!2), provincial (NUTS-3) and municipal level. Further characteristics of
the firm are the main sector of activity (NACE REV.2 digit!®), the age and the size (micro,
small, medium-sized or large firm according to the number of employees). Data on com-
pany characteristics are not available on AIDA for all companies in our sample. Therefore,
when we merged the website information with the firm characteristics, we obtained a final

sample of 182,705 observations (i.e. firms).

3.2 Methodology

We interpreted the economic meaning of each extracted feature based on the existing lit-
erature [48, 52, 57, 64—69]. Our review of the literature reveals a gap in the analysis of the
digital strategies of companies using web mining. While the business and management
literature has mainly focused on social media presence and hyperlinks as indicators of
external relationships, the information systems literature has mainly analysed companies’
technical frameworks and security levels. To fully grasp firms’ digital strategies, we believe
itis necessary to integrate both perspectives. As we will discuss further in Sect. 4.2, this in-
terdisciplinary approach enables a more nuanced understanding of digital transformation
at the micro level. For the present analysis, we considered the directly usable information
from homepages and disregarded text, images and code analysis.!*

We considered ten features as follows:

« the length of the URL. Short URLs are easier to remember and represent a sign of
cleanliness and user-centricity. Moreover, short URLSs (also including strategic
keywords) are more likely to be discovered by SEO optimisation, and thus factors
wisely strategised by firms [67, 70]. This variable considers the number of characters
included in the URL without the HTTP:// prefix;

« Social media presence: Facebook, LinkedIn and Instagram. We consider three popular
social media (Facebook, LinkedIn and Instagram), checking for the absence/presence
of links to those social media [66, 71, 72]. Indeed, social media are valuable tools for
the implementation of digital marketing strategies. These are dummy variables that
count the presence of the respective social media links;

+ The quality of internal links. The presence of unique inner links can be interpreted as

a sign of good navigability to increase the likelihood that users will stay longer on the

Uhttps://www.mongodb.com/.
2https://ec.europa.eu/eurostat/web/nuts/background.
Bhttps://ec.europa.eu/eurostat/web/products-manuals-and-guidelines/-/ks-ra-07-015.

14This choice is motivated by the goal of focusing on features that do not require advanced post-processing.
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websites as they are correctly directed to content that matches their preferences [68].
This feature is computed considering the number of HREF HTML tags with the same
domain reported in the URL or with a relative subpath;

+ The quality of external links. The higher presence of unique outer links can be
interpreted as a strong sign of stakeholder engagement and embeddedness in the
digital business ecosystem. Accordingly, recent literature has used external hyperlinks
to measure the engagement of companies in business relationships [52, 69]. For the
external links, we count the number of HREF elements in the HTML file with a
domain other than the one specified in the URL;

o Quality of the technical frameworks. Modern web development standards provide a
better user experience and reflect more technical competencies. Google Lighthouse
collects this metric. Although it is still little used in research projects, recent work has
emphasized the usefulness of Google Lighthouse for evaluating the quality of
websites, also considering that it is an open source tool [73, 74]. For this indicator,
Google Lighthouse provides a continuous value ranging from 0 to 1;

+ Request access time. A webpage with a short loading time implies good speed and a
good level of usability. Fast loading times can also indicate the use of cutting-edge
technological stack development [69, 75]. This variable specifies the number of
seconds it takes to load the web page;

» Website’s age. We estimated the age of each website by checking the first year of its
presence in the Wayback Machine Archive.!> Older websites are interpreted as
indicative of a consolidated digital history of the firm [69], also in terms of
go-to-market strategies for export [65]. In this case, we count the number of years
between the first appearance in the Wayback Machine Archive and 2021, the year of
analysis;

» Website security. A high-level security header represents a proxy of the awareness of
the risks of cyberattacks [76—80]. With the increasing number of threats in web-based
systems, we need to enforce security policies from server to client. This is mainly
about enabling security options for the HTTP responses to prevent
man-in-the-middle attacks or code injections. Nowadays, this is a crucial strategic
aspect for companies. We used the Security Headers platform to assess the security of
each website. The service used returns a discrete rating (e.g. A, B, etc.) of the website
and we assign them corresponding numbers.

In the following, we conduct an exploratory analysis of the extracted characteristics for

our sample of 182,705 companies.

Figure 1 describes how our final dataset is distributed along three firm characteristics:
industry, size, and age. Above we show the number of enterprises for the two-digit code of
NACE Rev. 2. In our sample, most firms belong to the categories manufacturing (C) and
wholesale and retail trade (G). Note that not all industries were included in this list: we
only selected the 10 most important industrial categories. The second plot shows the size
distribution of companies. Since the size distribution of Italian firms is skewed to the left,
as expected, most of the firms in our dataset are micro and small enterprises, i.e. firms

with less than 50 employees. At the bottom of Fig. 1 we show the age of the firms in 5-year

5https://archive.org/web/.
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Figure 1 Key characteristics of selected Italian companies with a known physical and digital presence. Top:
Number of companies analysed, grouped by NACE 2 Digit code (sector A: Agriculture, forestry and fishing;
sector C: Manufacturing; sector F: Construction; sector G: Wholesale and retail trade; sector H: Transportation;
sector I: Accommodation and food service; sector J: Information and communication; sector K: Financial and
insurance activities; sector L: Real estate activities; sector M: Professional, scientific & technical activities).

Middle: Size distribution. Bottom: Age distribution
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increments. The results show a higher concentration of relatively young companies aged
5 to 25 years.

To assess the representativeness of the sample, we compared the extracted data with
the general composition of our original sample of Italian companies in AIDA. To ensure
a meaningful comparison, we filtered our original database to include only active compa-
nies with at least one employee. This process ensures consistency with our final dataset,
which only includes companies with active and functioning websites. This excludes inac-
tive companies and sole proprietorships that rarely use websites for business purposes. As
far as industry is concerned, the representativeness of our sample varied between 15% in
NACE sector A (agriculture) and 40% in sector C (manufacturing). We also found good
values for sector J (information and communication) (35%) (see Table 9) - column 2 in the
appendix). We also assess the representativeness by firm size. Our sample covers captured
73% of the total number of large companies, with decreasing coverage for smaller compa-
nies: 54% of medium firms, 37% of small firms and only 21% of micro firms (see Table 10
- column 2 in the Appendix).

To triangulate our data, we have also compared our statistics with those of the Italian
statistical office (ISTAT), which provides information on the distribution of companies by
sector and size.

In terms of industry, we obtained a representativeness ranging from 5% of NACE sector
I (food and accommodation) to 28% of sector J (information and communication), with a
good level (22%) also for sector C (manufacturing) (ISTAT, 2020).'¢

In terms of size, we were able to capture 75% of the total number of large firms, with
decreasing coverage for smaller firms: 56% of medium-sized firms, 31% of small firms and
only 8% of micro firms (ISTAT, 2020) (similar values to our original database).

Since our original database from AIDA did not contain information on the age of the
companies, we rely on ORBIS.!” After filtering for active companies in Italy, our sample
represents 7% of the total ORBIS sample'® and becomes more representative the further
back in time we go. The largest percentage (33%) of companies in our sample have been in
operation for over 50 years. The percentages decrease from (27%) to (23%) for firms that
are 40 years old, (18%) to (15%) for firms that are 30 years old, (11%) to (12%) for firms that
are 20 years old, (10%) to (8%) for firms that are 10 years old, and (6%) to (2%) for firms that
are less than 10 years old. This gradual decline can be attributed to the fact that younger
may be waiting longer to invest in websites as they prioritise building a larger market share
given the financial constraints many startups face in their first years of existence (ORBIS,
2021).

Figure 2 maps the features extracted by means of the crawling activity at NUTS-3 regions
(descriptive statistics are available in Table 1).

We report values corresponding to the three quantiles, i.e. 33%, 66% and 100%, where a
darker colour indicates higher values. Seven out of the ten extracted features, namely URL

length, LinkedIn, quality of the internal links, quality of the technical frameworks, request

16The percentage deviations compared to our primary database can be attributed firstly to the broader range of companies
covered by ISTAT compared to the AIDA database. Secondly, not all firm types are required by law to disclose their financial
statements and are therefore covered by private platforms such as AIDA.

7ORBIS is another product of the Bureau van Dijk information database, but with global coverage.

18Variations in the percentage can be attributed to the broader coverage of ORBIS compared to AIDA. Accordingly, our
crawled sample achieves a representativeness of 26 compared to the active companies in AIDA.
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Figure 2 The spatial distribution of corporate website features in Italy, at the NUTS-3 regions level. Features

Table 1 Descriptive statistics of the features of the corporate websites of interest

min max mean std
Quality internal links 0.000 4885.000 27473 48921
Quality external links 0.000 15,814.000 6.942 42228
Quiality tech. framework 0.380 1.000 0.837 0.103
Length URL 4.000 105.000 19.214 5436
Facebook 0.000 1.000 0461 0498
Instagram 0.000 1.000 0.219 0414
LinkedIn 0.000 1.000 0.159 0.366
Website age 0.000 25.000 10.308 7455
Request time 0.127 502.262 5.265 9418
Security 0.000 15.000 6.268 1.941

Page 12 of 32
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access time, website age and website security) exhibit clear spatial differences across Ital-
ian NUTS-3 regions. More scattered territorial patterns are reported for external links.
This spatial distribution of websites might correspond to wider adoption of digital tools
for Northern enterprises w.r.t. firms located in the South, thus indicating a more rooted
digital mindset. When analysing the use of social media, we notice some differences be-
tween LinkedIn, Facebook and Instagram. Firms in northern Italy are more likely to use
LinkedIn than the other two social media (Facebook and Instagram), which are more pop-
ular in the central and southern regions. Instagram shows greater granularity than Face-
book, which could depend on the sectoral composition of local production systems. For
example, companies in tourist-oriented areas (such as the coastal regions, Tuscany, Rome
and the main islands) use Instagram more intensively than the other social media included
in the analysis. Social media are therefore of particular interest due to their different levels
of penetration, which suggests a specific interpretation of their use. For example, the pres-
ence of Facebook can be understood as the spread of a broader marketing culture charac-
terised by a generalist approach. On the other hand, Instagram can be understood as the
dissemination of a specialised marketing culture, mainly used by certain B2C sectors that
use visual content, including tourism, gastronomy and the cultural sector. LinkedIn can be
interpreted as propagating a culture that focuses on human resources and serves as an in-
dicator of mature labour markets where the use of professional networks can significantly
support concrete business efforts.

In general, Table 2 shows a low level of correlation between the variables, with the only
exceptions being the correlation between Security and Request time (0.769) and the cor-
relation between Facebook and Instagram (0.524). While the reason for the positive corre-
lation between social media is intuitive, the correlation between security and request time
might depend on the fact that low-quality websites tend to underperform both in terms of
both vulnerability and access time. This result supports our approach of collecting differ-
ent indicators to capture a multifaceted phenomenon, such as the corporate digital divide.

In general, our explorative data analysis allows us to validate some characteristics of
the enterprises included in our dataset built through the crawler. As a result, we rely on
182,705 firms out of the initial sample (composed of 347,010 firms) because a consistent
number of firms showed missing values for employment, a useful indicator to categorise
the size of each firm in different groups.

To analyse the relationship between firms’ characteristics and corporate websites, we
run a set of simple OLS (Ordinary Least Squared) regressions with the following specifi-
cations:

Y=o+ Bixg + Boxs + € (1)

where y represents one of the ten digital dimensions (i.e., one of the relevant features of
the corporate websites), and «x; is the vector that represents the considered characteristics
of the firm: age, industry, and size. In each regression, we include a set of controls for the
area in which the firm is located, represented by x;. The set of control variables includes
age, location (regional and urban areas) and presence of highspeed broadband. This is
because, beyond the specific patterns detectable by the traditional characteristics of the
firm, the notion of the corporate digital divide can be influenced (and captured) also by
the experience of the firm and the place where the firm is located (e.g. a common available
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IT infrastructure or the diffusion of digital means to run a business activity varies between
urban and rural areas and from the North to the South). In this regard, to avoid possible
misspecification of the model, we control for the impact of the wide band. This is because
some features of corporate websites, such as the request access time, might depend on
the wide band coverage of the area where the firm is located. The wide band data are
obtained as open data from the Italian Authority for Communications Guarantees.!® The
data represent, for each Italian census area, the ratio of households reached by broadband

with speed greater than 30mbs over the total number of households in that area.

4 Results

4.1 Econometric analysis

In this section, we discuss the results of the regression analysis for the ten digital-related
characteristics of company websites. Table 3 summarises the results for the analysis of the
digital divide across different dimensions of Italian firms: size, sector, age and location.

Micro firms show a negative and significant effect for unique internal links, while
medium and large companies pay more attention to internal navigability. In particular, ex-
ternal links are not significant for micro companies, which underlines an unequal weight-
ing of links and accessibility for internal stakeholders. In contrast, medium and large com-
panies show a positive and statistically significant effect in this regard, indicating a con-
scious effort to improve connectivity and accessibility for external stakeholders. When
examining the quality of the technical framework, a positive and statistically significant
effect can only be seen in medium-sized companies, while no influence can be found in
larger companies. This unexpected result suggests a nuanced interpretation that indicates
a decreasing marginal benefit of state-of-the-art libraries in large companies.

The social media variables have a significant effect across all dimensions, with a negative
sign for microenterprises and a progressive value of the magnitude effect, with the highest
value for big firms.

Age, which is representative of digital experience, is of varying importance depending
on the size of the company. Particularly noteworthy is the increased relevance in large
companies, suggesting that they recognised the importance of website development many
years earlier on average (in line with the results of [81]).

Security, speed (request time) and URL length should be interpreted in the opposite
direction, as lower request times and shorter URLs improve the accessibility of corporate
websites. Lower access times and shorter URLSs significantly improve the accessibility of
corporate websites and emphasise the critical role of efficiency and conciseness in driving
online engagement.

We also analyse the impact of the corporate digital divide across NUTS-2 digit sectors.
We take as a sector of reference in terms of quality, Information and Communication (J)
(in line with results of [63]), for its direct involvement in the coding process or the marked
attention to the quality of websites, as a fundamental tool to communicate with customers.
A positive and significant effect is found in the wholesale and retail trade (G) for the unique
internal and external links, underscoring the criticality of both internal navigability and

external connections, particularly in the context of business-to-consumer (B2C) activities.

https://maps.agcom.it/.
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Concerning best practice, a positive and significant effect is detected in the sectors Pro-
fessional, Scientific and Technical activities (M) and Information and Communication (J),
supporting the idea that, on average, firms in those sectors are better informed about the
importance of high-quality technical libraries. In line with their business functions, Social
Media seems to have different behaviours, confirming the exploratory mapping reported
in Sect. 3. Accordingly, Instagram and Facebook seem to play an important role in Accom-
modation and Food Service Activities (sector I), as free channels to engage with tourism.
LinkedIn, more oriented to attracting highly skilled profiles, seems to have a bigger impact
on sectors with highly specialised knowledge, such as the sector of Professional, scientific
& technical activities (M).

Similarly, in this context, the interpretations of security and request time should be
reversed. Notably, Information and Communication (J) and Professional, Scientific and
Technical activities (M) exhibit the highest level of performance in our analysis.

The geography of the corporate digital divide also presents sharp evidence that urban
contexts offer a higher marginal utility in the use of digital tools for firms operating in
dynamic and densely populated economic systems [53]. In such environments, firms have
the advantageous opportunity to leverage the network effect [82]. Geographical location
emerges as a significant determinant, shedding light on how the digital divide represents
a dual facet of territorial economic development. Disparities are evident through the dis-
tinct behaviours exhibited by North and South dummy variables. This supports the idea
that more industrialised regions, prevalently situated in the north, are conducive environ-
ments for adopting digital strategies and the relative adoption of skills and investment,
particularly when compared to their counterparts in the south. Although beyond this pa-
per’s goal, spatial correlation cannot be neglected when examining geographical level. This
means that spillover effects may occur between firms connected through physical and dig-
ital relationships [53]. Additionally, it is important to note that external providers may
create websites, potentially leading to a concentration of skills in specific areas where the
same provider may have a wide portfolio of clients.

In all the regressions, we control for the effect of the wide band, operating under the as-
sumption that a robust web infrastructure might overshadow certain digital web proxies.
Disentangling the infrastructural effect is not a trivial task. Accordingly, websites can rely
on external hosts or local servers. In the former scenario, the reactivity of the different
web pages can be related to the quality of the website. Conversely, in the latter case, we
may observe extensive broadband coverage coexisting with websites of subpar quality, or
on the other side limited coverage within high-quality websites. Overall, our analysis re-
veals only four instances of the statistically significant impact of the wide band out of ten
regressions conducted. This outcome assumes great significance as it affirms the efficacy
of our approach in capturing the digital footprint of firms, transcending the influence of
shared web infrastructure quality, through the meticulous collection of diverse features of
corporate websites.

4.2 Corporate digital assessment index

Our findings show a multifaceted composite picture that reveals how the digital divide is
present in different dimensions of business activity. One of the main challenges in applying
such a data-driven approach is that there is no clearly defined theoretical framework for
categorising proxies into distinct digital capabilities.
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Evaluating the quality of websites is a complex undertaking because there are numer-
ous unstructured data elements that need to be contextualised within a logical theoretical
framework to understand their potential economic significance. Furthermore, given the
high degree of customisation, it is not trivial to develop synthetic measures to capture the
diverse attributes of websites, making it difficult to establish accountable criteria [68].

Within this literature, [57] provide one of the first single index, called Web Assessment
Index (WAI).2°

Although the WAI paved the road to build a composite index for websites, it only fo-
cused on universities’ websites. Therefore, the literature still lacks specific composite in-
dexes for firms. After reviewing the recent literature on firm-level behaviour on the web
[48, 51, 52, 65—69], we have developed a theoretical framework that integrates both man-
agerial and information systems literature to analyse the digital readiness of firms. Specif-
ically, we borrow and adapt from the well-known Technology, Organisation, Environment
(TOE) framework (for a similar approach applied to firms’ websites, see [85]). To this con-
solidated framework, we add a fourth layer that focuses on digital culture to the model.

Elaborating on the TOE framework, we interpreted and classified the extracted features
into four different aspects related to the digital strategy of the firm:

. stakeholder engagement
. technical capabilities

w N =

. internal organisation
4. digital culture

Stakeholder engagement includes the firm’s capabilities to establish meaningful links and
connections with external stakeholders, including customers and suppliers. This indicator
tries to capture firms’ embeddedness in the competitive external environment. Technical
capabilities encompass the firm’s proficiency in building a state-of-the-art digital frame-
work focusing on elements such as libraries, security and speed. With this indicator, we
aimed to measure the firm’s technology stack. The internal organisation represents the
firm’s aptitude to effectively and purposefully orchestrate internal information flows. With
this indicator, we aimed to proxy Organisational structure. Digital Culture stands for the
historical trajectory in which the firm is inserted, reflecting its awareness of the strategic
significance of the web.

Aggregating these four indicators, we propose a synthetic index to capture the corporate
digital divide with a single dimension.

To build our index, we normalise the variables with a MinMax technique, inverting the
scale of the values where necessary (i.e., the length of the URL, Facebook, request time,
and security header) for interpretability. Then, we calculated the Corporate Digital As-
sessment Index (CoDAI) as the weighted sum of each element, as follows:

CoDAI = (StakeholderEngagement/4)

+ (TechnicalCapabilities/3)

20The authors built their index on universities’ websites, considering four dimensions of analysis: site content, speed, ac-
cessibility and navigability. While the first two are quite straightforward, the last two need to be explicitly explained. As
also underlined by [83], accessibility has been proxied respectively by search engine indexes and popularity (the number
of external links can imply more traffic). Navigability has been mainly measured as the number of steps (clicks) to access
relevant information for the user. Other measures have been introduced as usability, which can be seen as an extension of
navigability, more oriented to the convenience of users to navigate the website for several reasons, such as easiness, respon-
sivity, and aesthetic reasons, which have become crucial, especially in the last years to retain and acquire users [57, 68, 84].
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Table 4 Corporate Digital Assessment Index (CoDAI): indicators and dimensions

Indicator Dimension

Quiality external links Stakeholder Engagement
Facebook

Instagram

Linkedin

Quiality tech. framework Technical Capabilities
Security

Request time

Length URL Internal Organisation
Quality internal links

Website age Digital Culture

Table 5 Corporate Digital Assessment Index (CoDAI): descriptive statistics

Dimension min max mean std

Stakeholder Engagement 0.000 0.756 0.230 0.133
Technical Capabilities 0.289 1.000 0.779 0.071
Internal Organisation 0.073 0.875 0437 0.024
Digital Culture 0.000 1.000 0412 0.298
CoDAl 0.830 3.148 1.858 0.350

+ (InternalOrganisation/2)

+ (DigitalCulture)

Table 4 shows the dimensions and indicators we used to build the CoDAI. Notice that
a high CoDALI indicates a more pronounced digital readiness. We report in Table 5 the
descriptive statistics for the CoDAI and its sub-dimensions. It is possible to see that each
CoDALI sub-dimension varies between 0 and 1, even if some of them vary in a narrower
range. We left the CoDALI theoretically ranging from 0 to 4 to better monitor each sub-
indicator’s contribution.

Subsequently, in Table 6, we provide a comprehensive summary of the regression out-
comes concerning the determinants of the CoDAI and its respective four dimensions. Our
proposed index highlights the expected significance levels for firm dimensions, underscor-
ing the prominence of large firms relative to medium and micro firms. We find interesting
results also across sectors, wide band and firm’s age. For instance, the case of wholesale
and retail trade (G) shows a positive and significant effect on stakeholder engagement but a
negative and significant effect on the technical capabilities subdimension. The wide band
is significant only for stakeholder engagement. This could be explained by the fact that
most of the proxies employed to realise such a category rely on adopting external plat-
forms. Unsurprisingly, we ascertain a negative effect concerning the firm’s age for three
out of four CoDAI sub-dimensions. This could be interpreted as a more reactive digital
behaviour of newborn digital firms in comparison to more experienced ones.

Furthermore, the relevance of our proposed framework is evident if we compare the
results of our CoDAI with the simple sum of the ten indicators (see Table 7). Employing a
simple sum reveals that certain aspects of the digital divide, previously highlighted, tend
to become obscured and challenging to interpret. For instance, the industrial prominence
of Accommodation and Food Service (I) on the ICT sector (J) contrasts markedly with
previous results reported in Sect. 4.1. In that section, the Information and Communication
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Table 6 Regression results considering the CoDAI and its components as dependent variables. For a
legend of NACE industries, see Table 3

Stakeholder eng. Technical Capabilities  Digital Culture Internal Organization CoDAI

Constant 0.827*** 2.346%** 0.252%** 0.862%** 1.672%**
(0.006) (0.002) (0.003) (0.001) (0.003)
Micro firms -0.076*** —-0.018*** —0.049*** —0.003*** —-0.075%**
(0.003) (0.001) (0.001) (0.000) (0.002)
Mid-sized firms 0.119%** 0.020%** 0.040%** 0.004*** 0.079***
(0.005) (0.002) (0.003) (0.000) (0.003)
Large firms 0.227*** 0.033*** 0.058*** 0.007*** 0.128***
(0.010) (0.004) (0.005) (0.001) (0.006)
NACE sector A 0.029* 0.009 -0.028*** 0.003* -0.017*
(0.012) (0.005) (0.006) (0.001) (0.007)
NACE sector C 0.132%** 0.002 0.064*** 0.015%** 0.105***
(0.004) (0.002) (0.002) (0.000) (0.003)
NACE sector F 0.033*** —0.014*** —0.022%** 0.002%** —-0.018***
(0.005) (0.002) (0.003) (0.000) (0.003)
NACE sector G 0.047*** —-0.008*** 0.037%** 0.013*** 0.053%**
(0.004) (0.002) (0.002) (0.000) (0.003)
NACE sector H 0.039*** —0.017%** -0.001 0.001 0.004
(0.008) (0.003) (0.004) (0.001) (0.005)
NACE sector | —-0.074*** —0.077%** 0.0571%** —0.009*** 0.024***
(0.006) (0.002) (0.003) (0.001) (0.004)
NACE sector J 0.207*** 0.026*** 0.079*** 0.028*** 0.152%**
(0.006) (0.002) (0.003) (0.001) (0.004)
NACE sector K 0.149*** 0.023*** 0011 0.008*** 0.060***
(0.013) (0.005) (0.007) (0.001) (0.008)
NACE sector L 0.050*** -0.008* 0.048*** -0.000 0.058***
(0.009) (0.004) (0.005) (0.001) (0.006)
NACE sector M 0.238*** 0.023*** 0.048*** 0.018*** 0.124***
(0.006) (0.002) (0.003) (0.001) (0.003)
Urban area 0.030*** 0.003** 0.004** 0.003*** 0.014%**
(0.003) (0.001) (0.001) (0.000) (0.002)
North 0.067*** 0.020%** 0.007*** 0.005%** 0.033***
(0.003) (0.001) (0.002) (0.000) (0.002)
South -0.038*** —0.024*** —-0.030*** -0.001* —-0.048***
(0.004) (0.002) (0.002) (0.000) (0.002)
Firm age —0.007*** —0.000%** 0.007*** —0.000*** 0.006***
(0.000) (0.000) (0.000) (0.000) (0.000)
Wide band 0.018*** -0.001 -0.001 0.000 0.003
(0.004) (0.001) (0.002) (0.000) (0.002)
R-squared: 0.049 0.014 0.17 0.043 0.168
Adj. R-squared: 0.048 0.014 0.17 0.043 0.168
N. of observations 182,705 182,705 182,705 182,705 182,705

sector was identified as one of the highest performers. In addition, the signs of the South
and North geographical areas are inverted, and the wide band variable becomes positive
and significant. This again reverts findings reported in Sect. 4.1 and confirmed by the
CoDAl in Table 6.

To illustrate the pronounced digital divide between companies in Italy, we map the re-
sults of our CoDAI in the NUTS 3 regions. Figure 3 shows three different geographical
clusters corresponding to the three main regions of Italy: North, Centre and South (see
also Fig. 4 for the map of municipalities). This finding underlines the suitability of digi-
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Table 7 OLS regression results. The dependent variable is the sum of the values of the ten indicators

of the corporate websites

sum of the ten indicators

Constant

Micro firm

Mid-sized firm

Large firm

Agriculture, forestry and fishing (NACE sector A)

Manufacturing (NACE sector C)

Construction (NACE sector F)

Wholesale and retail trade (NACE sector G)

Transportation (NACE sector H)

Accommodation and food service (NACE sector |)

Information and communication (NACE sector J)

Financial and insurance activities (NACE sector K)

Real estate activities (NACE sector L)

Professional, scientific & technical activities (NACE sector M)

Urban area
North
South

Firm age
Wide band
R-squared:

Ad]. R-squared:
N. of Observations

26017
(0.011)

-0.178***
(0.006)

0.2447%**
(0.010)

0.416%**
(0.019)

0.115%**
(0.023)

-0.064***
(0.008)

—-0.299***
(0.011)

0.088***
(0.008)

-0.3271%%*
(0.015)

0.377%x*
(0.011)

0.172%x*
(0.011)

-0.205***
(0.024)

0.107%**
(0.018)

0.0717%**
(0.011)

0.055%**
(0.005)

-0.026***
(0.006)

0.019*
(0.008)

0.007%**
(0.000)

0.027%**
(0.007)

0.038
0.038

182,705

tal signals from websites as good candidates to reflect the existing economic disparities

already demonstrated by traditional data sources, especially in terms of business produc-

tivity and differences in human capital endowments [86, 87].

Furthermore, we conduct a comparative analysis between companies with high and low

CoDAI scores in terms of their size, macro sector and age. For this purpose, we selected

two different subsamples from the whole dataset: one comprising 1827 companies be-

longing to the top 1% with the highest CoDAI scores and the other consisting of the 1% of

companies with the lowest CoDAI scores. In Fig. 5 we visualise the distributions of these
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Figure 3 The distribution of the CoDAI across Italian regions (NUTS-3)

two samples in terms of company size, macro sector and age. Companies with alow CoDAI
are mainly micro-enterprises. Companies with a high CoDAI value, on the other hand, are
larger in size, with big firms almost exclusively represented in this category. This can be
interpreted as a more significant role of digital readiness in more structured organisations.
The distribution according to the age of the companies provides additional information.
Older companies tend to have higher CoDAI values than younger ones. This supports the
idea that startups in the early stages of their development may have a lower level of dig-
ital readiness than established companies. In terms of macro sectors, it is interesting to
note that companies with a high CoDAI level predominate in Sector J (Information and
communcation), which used to serve as a benchmark for the other sectors, while firms
with a lower CoDALI level are more likely to be found in sector G (Wholesale and retail
trade), where the use of digital means to communicate with customers is an important
business infrastructure. To corroborate our findings with external data, we look at the
sales performance of the highest and lowest 1% of companies in relation to their CoDAI
level. We obtain information on the performance of the 90% of them, for the years 2018,
2019, 2020 and 2021 (51% are represented by the top 1% of the CoDAI distribution). Un-
surprisingly, we find that companies with a higher CoDAI have higher average sales than
companies with a lower CoDAI, which increases the reliability of our composite index, see
Fig. 6. This is also evident when we report the average annual sales taking into account the

company size (Fig. 7).
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Figure 4 The distribution of the CoDAI across Italian municipalities

5 Discussion and conclusions

Today, the astonishing spread of ICT in production and consumption processes has revo-
lutionised the way companies operate. This technological change has inevitably led to an
apparent corporate digital divide, characterised by differences in the timeliness and quality
of digital adoption between digitally competent and traditional “brick-and-mortar” enter-
prises.

With few exceptions, the extant literature has mapped the digital divide phenomenon
using data on broadband access, often overlooking the role of digital tools and the relative
competencies built upon them. In this paper, we advance research on the digital divide by
using web-scraping techniques to identify and understand digital economy phenomena
[17, 22, 23, 35, 48, 51, 56].

In particular, this exploratory study introduces a novel approach to mapping and assess-
ing the corporate digital divide at a granular level, going beyond the traditional country-
level perspective. Leveraging the potential of web scraping techniques, we delve into the
landscape of the corporate digital divide by extracting, storing and analysing a compre-
hensive set of website characteristics related to the digital footprints of 182,705 Italian
firms. We deliberately focus on technical features, as these are less prone to manipulation
compared to content and user experience, and also have a lower degree of variability. The
results of our regressions and the mapping of the extracted characteristics reveal different
aspects of digital readiness with profound differences between companies by size, indus-
try, location and age. The results also hold when controlling for broadband distribution.



Mazzoni et al. EPJ Data Science (2024) 13:51 Page 25 of 32

CoDAI RANK
BN HIGH CoDAI
I LOW CoDAI

N. of Firms
g

g 8

(=]

small medium
Firm size

800 CoDAI RANK
B HIGH CoDAI
700 I LOW CoDAI

500

400

N. of Firms

300

200

100

Q N H S L
Macro sector

M CoDAI RANK
[ HIGH CoDAI

400 N
[ LOW CoDAI

g
I
[

200

N. of Firms

100

| V- |
60 80 100 120 140 160
Years old

Figure 5 A comparison between the top 1% firms with the highest CoDAI and the lowest 1%

To improve the comparability of our results across firms, we propose the Corporate Dig-
ital Assessment Index (CoDAI), which facilitates the interpretation of results based on

four different dimensions that encompass the company’s digital strategy. The CoDAI and
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divided by their size

its four dimensions confirm the main drivers of the corporate digital divide highlighted
in the existing literature, especially the prevalence of larger companies operating in ICT-
related fields and located in more industrialised urban contexts. To increase the reliability
of the index, we performed a comparison of the sales performance of companies within
the top and bottom 1% of the CoDAI ranking, which was in favour of the highest 1%. In
addition, we mapped the CoDAI to NUTS 3 regions and municipalities, confirming the
traditional economic divide between northern and southern Italy.

The main contribution of our work is the development of a new methodology for cap-
turing aspects of the digital strategies of firms using a novel set of unobtrusive web-related
measures. The use of such a framework has important implications for the business and
economics literature and provides access to information that would otherwise only be
available through ad hoc surveys or interviews. The advantage also lies in the ability to
collect these measures dynamically and on a large scale, which is often impossible with
the above approaches.

Notwithstanding the relevance of our contribution to the analysis of the digital divide
between companies, this work is not without its limitations. The literature on the eco-
nomic interpretation of websites and digital resources is still in its infancy. Therefore, the
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iterative dialog between empirical testing and theoretical development provides food for
thought for multidisciplinary research between economics, management and data science.

First, future research directions could benefit from more research into the source code
of websites to improve the evaluation of the technical quality of a website. For example, a
more thorough investigation of JavaScript through the application of complexity measures
and static analysis could yield important insights.

Second, the essential elements of a website change frequently, with multimedia elements
such as images, video and sound experiencing a remarkable resurgence as a means of com-
munication thanks to technological advances such as high-speed broadband connections.
Furthermore, the design of a website has become a crucial mechanism for the quality of a
website [58]. This means that the set of features adopted in this paper to evaluate the dig-
ital readiness of a company can be extended to full websites and updated and improved to
meet new standards and technologies.

Third, our analysis is limited to Italy, but it can be expanded towards other countries in
Europe and across the world, allowing researchers to perform comparative analysis and
to unveil country-specific digital behaviours.

Fourth, although the data collection for this article is limited to a specific time period,
the analysis can be repeated and renewed over several time periods by updating the ex-
tracted features of the website. In this way, the evolution of the company’s digital capa-
bilities can be tracked over time, eventually merging this data with more detailed (and/or
other) balance sheet information.

Fifth, future analysis could benefit from an integrated approach that incorporates dif-
ferent data sources to triangulate the data obtained from the websites. This can be done
by tracking external activities conducted by organisations on the Internet to obtain more
robust measures of I'T capabilities (e.g., job postings, see [47]). In addition, the analysis
can be integrated and further validated with microdata from public institutions.

Sixth, previous literature has underlined that business goals drive IT development, even
when websites are outsourced to external IT consultants [31]. This serves as a significant
indication of a company’s overall digital strategy. However, it is possible that in certain re-
gions, the same external consultant may work with multiple clients. While the company’s
digital capabilities may persist, we could observe a standardisation of behaviour, which
may confound the impact of regional expertise versus firm-level expertise. For example,
we could create a website similarity measure to detect whether the same website develop-
ers are hired by multiple companies, relying on a clustering algorithm. Such an approach
could reveal commonalities and localised patterns.

Seventh, from a methodological point of view, the extracted features have the potential
to support various machine learning algorithms. For example, we could extract clusters of
firms to highlight similar behaviours and develop a machine learning-based recommenda-
tion system that suggests improvements to companies in their interaction with the digital
web.

All in all, our work paves the way with a methodological framework to evaluate the
firm’s digital capabilities at the micro level and reveals unprecedented details for scholars
interested in applying data science methods to management and regional studies.

Beyond the difficulties of obtaining firm-level data on IT, the challenge is to develop
sound proxies, from an epistemological point of view, to measure the link between tech-
nical resources and competencies, as the simple accounting of hardware or cloud infras-
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tructure is unable to capture the leverage agency of the firm [47]. In this regard, software
artifacts represent a valid alternative if crawled technical metrics are comparable across
different types of organisations to partially mitigate the problem of the quality level as
requested by the website owner(s) [88].2!

Our research marks an initial step towards developing firm-level business intelligence
that can be effectively used for micro-level benchmarking analysis. In future implemen-
tations of this work, we could also explore whether and how digital aspects captured by
websites are evolving and how this might impact our assessment of digital strategy in the
longer term.

In summary, the development of proxies that are able to capture the digital behaviour of
companies in economic terms is an important tool for policymakers. A company’s digital
footprint is an important measure for defining targeted policies and development strate-
gies for its replicability, unobtrusiveness, frequent updating, extension to new website in-
formation, and industrial benchmarking.

This is particularly important in the context of the Italian National Recovery and Re-
silience Plan, which was set up to help the country recover from the Covid-19 pandemic.
As part of this plan, 21% of the total budget is earmarked for digitalisation (with mea-
sures such as the fastest connection through ultra-broadband, incentives for the adoption
of innovative technologies by the private sector, revitalisation of the tourism and cultural
sectors).?

Aware of the limitations and opportunities of our analysis, we contribute to applied re-
search on the digital divide with an innovative and original approach that can be further
leveraged through joint strategic partnerships between the public and private sectors.

Appendix

In the appendix, we report tables regarding the list of acronyms (see Table 8), the percent-
ages of crawled firms by Nace Rev.2 (see Table 9), and finally the percentages of crawled
firms by size (see Table 10).

Table 8 The list of abbreviations used in the paper and their relative explanation

Full text Acronym

Al Artificial Intelligence

AIDA Advanced Industrial Document Automator
B2B Business to Business

B2C Business to Client

CoDAl Corporate Digital Assessment Index

ICT Information and Communication Technology
1SO International Organisation for Standardisation
T Information Technology

NACE REV.2 Nomenclature Statistique des activités économiques
NUTS Nomenclature of Territorial Units for Statistics.
SEO Search Engine Optimisation

SME Small and Medium Enterprise

TOE Technology, Organisation, Environment

WAI Web Assessment Index

2 Accordingly, corporate websites serve different purposes and are created with different logic, which includes web design-
ers’ and external stakeholders’ choices [88].

2gee https://www.governo.it/it/approfondimento/le-missioni-e-le-componenti-del-pnrr/16700.
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Table 9 In the table we report the percentage of crawled firms by Nace Rev.2. Please notice that
with active firms we include active firms with at least one employee excluding sole proprietorship

Nace Rev.2 N. of Crawled firms Percentage of Active Firms Percentage of Active Firms with Website
A 2113 15.20% 64.80%
B 260 21.70% 62.40%
C 50,067 40.10% 69.20%
D 686 31.80% 70.70%
E 1914 37.80% 69.40%
F 14,727 15.10% 62.60%
G 42,360 26.90% 64.40%
H 5695 17.10% 63.50%
| 12,460 17.90% 59.30%
J 11,700 34.90% 66.90%
K 1847 22.70% 55.10%
L 3602 16.40% 63.00%
M 13,332 31.20% 66.30%
N 8838 23.70% 62.70%
O 10 43.50% 66.70%
P 2450 33.70% 66.00%
Q 5636 28.10% 66.20%
R 2649 19.60% 60.20%
S 2352 19.20% 59.10%

Table 10 In the table, we report the percentage of crawled firms by size. Please notice that with
active firms, we include active firms with at least one employee, excluding sole proprietorship

Size N. of Crawled firms Percentage of Active Firms Percentage of Active Firms with Website
Micro 109,015 21% 64%
Small 57,304 37% 64%
Medium 13,239 54% 71%
Big 3147 73% 83%
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