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1. Introduction

2020 has represented a break from the economic and social policies adopted in Europe
until the SARS-CoV-2 (Covid-19) emergency spread (Grasso et al., 2021). The containment
measures introduced during the health crisis have produced a series of effects, including an
acceleration of the digitisation both in social and in economic sphere (OECD, 2020). Within
the latter in particular, Covid-19 has had a leverage function regarding private sector
innovation, leading to the adoption of measures to implement the use of digital and
technologies in order to ensure continuity in the production sector of goods and services
(Casquilho-Martins and Belchior-Rocha, 2022). However, bringing attention to the Italian
context, it is necessary to consider the critical issues related to the still-present digital divide
between the northern and south-central areas of the peninsula. The digital divide, as well as
digital illiteracy and infrastructural barriers, are the main obstacles that have slowed Italy’s
digital transition over the pastfew years with respect to the European scenario (Traversa et al.,
2022; European Commission,2021). It is precisely in the promotion of digitization policies that
the European Union identifiesone of the main drivers for a sustainable and resilient economic
recovery, through which business continuity can be ensured despite lockdown policies
(European Commission, 2020a,b). Based on European investment indications, great
importance has been recognized by the Italian government to the theme of digitization by
reserving for it targeted interventions within the firstmission of the National Recovery and
Resilience Plan (NRRP) for which EUR 49.2 billion has been allocated. Specifically, the
NRRP commits Component 2 of Mission 1 to the strengthening of competitiveness within the
private sector to be pursued by means of greater diffusion of digitization processes,
technological innovation, and the strengthening of Industry 4.0 policies. The medium - to
long-term recovery goals on which the NRRP is based need tools that can assess actual
effectiveness on the Italian territory. Tools that can not only express the spread of digital
business integration from a geographic point of view, identifying areas that show lower
performance than the national context, but that can also monitor the progress of these
interventions over time. In this study, a different synthesis methodology that makes use of a
non-aggregative strategy was employed. The study is divided into sections where the main
opportunities for developing an index to measure the effectiveness of the policies presented in
the NRRP, as well as the traits and ramifications of using a non-aggregative strategy for the
temporal study of socio-economic phenomena, will be outlined. Afterward, the outcomes of
the index's application to the Italian context will be discussed.

2. Methodology

Given the complex and multi-dimensional nature of digitization processes, it is possible to
approach their study through the construction of synthetic indices. In contrast to recent
literature (Traversa et al., 2022; Benecchi et al., 2021; European Commission, 2021), the
choice in this case fell on non-aggregative synthesis by means of the Partially Ordered Set
(POSET). Among the main advantages of using a non-aggregative method over composite
index construction is the possibility, by not carrying out the aggregation and weighting of
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variables, to limit the loss of information due to the flattering effect, which depends on the
existence of incompatibilities between variables within a multi-dimensional system.
Conversely, one of the main critical issues attributable to the POSET technique is related to
computational aspects, as it requires the use of advanced statistical analysis software to enable
its calculation. From a theoretical point of view, a Partially Ordered Set can be defined as a
set in which there is no binary relationship between all pairs of profiles of which it is
composed (Davey and Priestley, 2002; Fattore, 2017). The graphical representation tool used
in the literature to represent the POSET system of relations is the Hasse diagram, according to
two proprieties: (1) if x < y, the node - i.e. profile - y is placed above node x; (2) if x <y
then a “path” links node y to node x. By considering a pair of nodes, the one placed in the
upper level is defined as being connected to the lower one according to a dominance
relationship. The node (or nodes) with only descending relationships is said to be “maximum”
(or maxima) of the POSET (Fattore, 2008). In order to address the synthesis of the digitization
index the average height approach (avh) represents the most common method for the
synthesis of multi-indicator systems through the study of POSETs (Alaimo et al., 2020;
Fattore, 2017; Mazziotta and Pareto, 2020).

From a practical point of view, the synthesis vector is obtained by following a stepwise
procedure: (1) Extract all line extensions of P by creating (2,,; (2) For each element p € P -
and for each [ € (P -), assign a rank r;(p) of p in 1, which represents 1+ the number of angle
covers joining p to the maximum of 1; (3) The third step is the calculation of the average r(p)
of r;(p) over 2(P -) foreachp € P -.

The avr can be represented through a graph that shows the min-max avr range for each profile
(L T). As in the case of aggregate indices, the POSET technique also allows for the study of a
phenomenon over time, thus complying with the requirements that will be presented in the
course of the research design from the point of view of the selection of synthesis methods
(Alaimo et al., 2020). The development of a temporal POSET consists in the merge of two (or
more) POSETs related to the years under study. Each statistical unit is measured with respect
to variables referring to two (or more) different t times, calculating for each year the average
rank of the POSETs. From a graphical standpoint, it is possible to obtain a visual
representation of the temporal POSET by merging the corresponding Hasse diagrams.
Following the merging of the POSETs and rebuild of the dataset, an intertemporal POSET is
obtained which must again be subjected to the calculation of average height. Continuous
recourse to avrcalculations could lead to a loss of information in POSET. To solve problems
of comparability between nodes a possible solution should be the use of a reference system
commonto the whole POSET - embedded scale - which will represent the benchmark through
which the evolution of the POSET can be interpreted.

1. Research design

As a result of the analysis of the targets enshrined by the NRRP within M1.C2.
“Digitization, Innovation and Competitiveness in the Production System”, the variables were
selected through the “Rilevazione sulle tecnologie dell'informazione e della comunicazione nelle
imprese” (source: National Institute of Statistics — 1.Stat) data-warehouse by following a
formative approach (Diamantopoulos et al., 2008). Four variables expressing the digitization
of the private sector were selected and presented below: (1) percentage of enterprises with
fixed or mobile broadband connection (BBC); (2) percentage of enterprises using robots
(ROB); (3) intra-murosresearch and development expenditure (thousands of euros at current
prices) (R&S); (4) percent-age of enterprises that organized training courses in the previous
year to develop or upgrade theICT/IT skills of their employees (FDS). The composition of the
dataset needs some specification. The unavailability of access to I.Stat data with respect to
ultrabroadband deployment in the macroareas led to the use of broadband connection data as a
proxy. As for the 2020 figure for R&S spending, it was imputed from 2019 data, as it was not
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available at the macroarea level but only nationwide. Variables were also selected based on
spatial and temporal availability requirements. Specifically, the variables are presented on the
basis of a geographical breakdown into macroareas: Northwest (NO); Northeast (NE); Center
(CE); and “Meridione” (ME), which includes southern regions and islands. Italy (IT) was also
considered as a comparison of macro-areas against the national average. In this way, it was
possible to put more emphasis on the issue related to the digital divide and how it has evolved
over the three-year period 2018-2020 considered. This time period makes it possible to capture
the pre-pandemictrend of digital implementation in the productive sector by comparing it with
the scenario realized in 2020, following the shocks produced by the pandemic. Computation
of the results was conducted by means of the statistical software Rstudio and the package
“parsec” (Fattore and Arcagni, 2014).

2. Discussion

Following the construction of the temporal POSET, the main results obtained from the ap-
plication of the non-aggregative method are presented and discussed below. First, the Hasse
diagrams of the individual years examined were constructed. As can be seen from Figure 1, the
graphical representation of the 2018 and 2019 POSETs exhibit the same structure. IT, NE, NO
are placed as maximal nodes, which are connected by a cover relation to the two lower nodes:
CE and ME.

2018 2020

Figure 1: Comparisons between single years Hasse diagram. Period: 2018-2020.
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Figure 2: Comparisons between single years avr plot. Period: 2018-2020.

The dominance relationships between the profiles expressing northern and south-central
regions are also confirmed following the calculation of the average ranks of the two-year pre-
pandemic period (Figure 2). In the average rank plot, y-axis scale expresses the total number of
observations sorted in descending order, attributing the best condition to the profile
corresponding to rank 1. The points on the graph indicate the average value of the simulations
obtained during the calculation of the average ranks, while the vertical bands express the
variability of the profiles. A high range between the minimum and maximum value expresses
the variability with respect to the identification of a unique average rank for the profile. The
CE macro area confirms the worst performance in the first part of the period, presenting
together with ME an average rank fluctuation range between the fourth and fifth rank. On the
other hand, the situation differs for NO, NE, IT where the distance between the two whiskers
is greater and ranges from 1-3. IT has better values, positioning itself on the far extreme right
of the graph, followed by NE and NO. A different scenario for 2020 is reported. During the
pandemic year, only IT and NO are in the maximum positions, maintaining a dominance
relationship with the lower nodes of CE and ME. More peculiar, however, is the case of the
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NE profile, which stands outside the Hasse as an anti-chain, reporting no comparability in its
digitization to the other macro areas (Figure 1). Moving the focus to the avr plot, there is a
reversal in ranking between ME and CE, with an increase in variability in the average ranks.
In contrast to the previous two years, NO reports an improvement ranking ahead of IT. NE
also confirms in the avr plot an “anomaly” with respect to digitization in the four variables
derived from the M1.C2 presented before, with a range of variation in the avr maximum. An
analysis of the original data obtained from I.Stat shows that compared to the pre-pandemic
two- year period, the elementary indicators considered do not show significant changes
(positive or negative), with the exception of some macroareas that have suffered more in
certain dimensions from the impact of Covid-19. As can be deduced from the preliminary
study of the POSETs of individual years, the Northeast macro-area experienced the greatest
fluctuations during 2020. If in the case of ROB no significant - albeit positive - changes are
observed, BBC percentage for NE ranks below the national average as well as being the only
area that experiences a re- duction in the percentage (not significant). However, a greatest
change is experienced for the FDS dimension, which loses 6.6 percentage points in 2020
compared to 2019. As for NO - along with NE - it tends to perform better over the period,
trending above the national averagein all variables, although there is a slight deterioration in
the FDS dimension between 2019 and2020, offset by a 3.5 percentage point improvement in
BBC. Finally, the CE and ME macro areas show values below the national average for each
dimension with deterioration in FDS in both macro areas and in ROB for the “Meridione”
area. After reconstructing the background of digitization in the private sector in Italy, the
results that emerged from the construction of the temporal POSET are, below, addressed, for
which three benchmarks expressing MIN, MEDIAN and MAX were calculated. The best
performances are identified for NO_19, NO 20, NE 19, NE 20 and IT 19.

The Hasse diagram of the temporal POSET confirms an improvement despite Covid-19 for
the macro-areas located in the northern part of the peninsula, although it achieves the result in
ways that are not comparable with each other. Regarding national results, the nodes
expressing national digitization show a deterioration for IT 20 with implementation of digital
integration not comparable to what was achieved in previous years. In addition to the effect of
Covid-19 that could contextualize the worsening of the national average, the incomparability
with IT 18 and IT 19 could be attributable to the performance of NE_20. Lastly, as for ME
and CE, the response to the shocks produced by Covid-19 has opposite effects. While ME
after a positive trend in the pre covid two-year period observes a deterioration in digitization
performance, CE shows an improvement in 2020 in line with what is realized for IT _20. The
impact produced by Covid-19 is evident from the average height ranking (Table 1).

The best ranking is attributed to NE 19 followed by NO 19 and NO_20, underscoring on the
one hand the better digital implementation within the private sector in the northern regions,
and on the other hand a greater sensitivity with respect to the effects produced by Covid-19 on
the NE macro area, which for the year 2020 reports a ranking lower than the IT 20 average.
Coherent, on the other hand, are the performances of the southern regions, for which
performance is observed to be positioned below the benchmark expressing the MEDIAN,
with an improvement over the three-year period more rewarding for CE, which ranks at a
higher Hasse diagram level than profiles in central and southern Italy (with the exception of
NE _19) and digitization in linewith the national average IT_20.
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Figure 3: Temporal Hasse diagram.

COD. 2018 2019 2020
T 9,792 | 13,902 | 13,463
NE 10,204 | 14,758 | 13,216
NO 10,035 | 14,386 14
CE 3,611 | 4,006 | 7,986
ME 2,847 | 4,926 | 6,407
MIN 1 1 1
MEDIAN | 8,459 | 8,459 | 8,459
MAX 18 18 18

Table 1: Average height distribution of the Temporal POSET with benchmarks.

5. Conclusion

The development of quantitative tools to monitor thedigitization goals of the private sector
within the scope of the NRRP goals, is a timely issue worthy of further investigation. The still
pronounced existence of the digital divide and digitalilliteracy, represent a major obstacle to
proper digital integration within enterprises, highlighting the negative impact produced by the
rapid spread of digital in some areas of the country due to Covid-19. The POSET technique
allow to contextualize rank positioning based on orderrelationships, which leads one to lean
toward further exploration in the use of non-aggregativeapproach.

Indeed, by cross-referencing the information that can be obtained from the trend of basic
indicators in individual regions, with the POSETs of individual years and the temporal one, it
is possible to gain a greater understanding of the ways in which NRRP digitization goalsare
carried out in relation to territory and time. This provides an enhancing of the complexity ofthe
phenomenon and not limiting it to a simplification as is occurring with aggregative synthesis
techniques. Although the study is not free from limitations, due in part to the scarsity of
available data inherent in digitization, it represents a possible starting point for the development
of statistics assessing NRRP performance on a national scale. A further possibility to consider
is the replicability of the study at the NUTS-2 territorial level, in order to highlight the
performance of those regions that tend to show performance that is not in line with the
performance of the macro-area to which they belong (Traversa et al., 2022).

213



References

Alaimo, L. S., Ciacci, A., Ivaldi, E. (2020). Measuring sustainable development by non-
aggregative approach. Social Indicators Research, 1(22).

Alaimo, L. S., Arcagni, A., Fattore, M., Maggino, F. (2020). Synthesis of multiindicator
system over time: A poset-based approach. Social Indicators Research, 1(23).

Benecchi A., Bottoni C., Ciapanna E., Frigo A., Milan A., Scarinzi E. (2021), La digitaliz-
zazione in Italia: evidenze da un nuovo indicatore regionale, in Questioni di economia e
finanza, eds. Banca d’Italia Occasional papers, n.662.

Casquilho-Martins, 1., Belchior-Rocha, H. (2022). Responses to COVID-19 Social and Eco-
nomic Impacts: A Comparative Analysis in Southern European Countries. Social Sciences,
11(2), pp. 36.

Davey, B. A., Priestley, H. A. (2002). Introduction to lattices and order. Cambridge university
press.

Diamantopoulos, A., Riefler, P., Roth, K. P. (2008). Advancing formative measurement
models. Journal of business research, 61(12), pp. 1203-1218.

European Commission. (2020a). 2030 digital compass: the European way for the digital
decade.(Available on Eurlex).

European Commission. (2020b). European moment: Repair and prepare for the next
generation. Communication from the commission to the European parliament, the
European council, the council, the European economic and social committee and the
committee of the regions, Retrieved from https://eur-lex.europa.eu/legal-content/EN/
TXT/PDF/?uri=CELEX:52020DC0456from=EN (Available on line).

European Commission. (2021). Digital economy and society index (DESI) 2021. Thematic
chapters, Retrieved from https://ec.europa.eu/newsroom/ dae/redirection/document/80563
(Available online)

Fattore M. (2008). Hasse diagrams, poset theory and fuzzy poverty measures. Hasse Diagrams.
Poset Theory and Fuzzy Poverty Measures, Rivista Internazionale Di Scienze Sociali,
116(1), 63—75. http://www.jstor.org/stable/41625201

Fattore M. (2017). Synthesis of indicators: The non-aggregative approach, in Complexity in
society: From indicators construction to their synthesis, eds. Springer, pp. 193-212.

Fattore, M., Arcagni, A. (2014). Parsec: An r package for poset-based evaluation of multidi-
mensional poverty, in Multi-indicator systems and modelling in partial order, eds.
Springer, pp. 317-330.

Grasso, M., Klicperova’'-Baker, M., Koos, S., Kosyakova, Y.Petrillo A., Vlase, 1. (2021).
The impact of the coronavirus crisis on European societies. What have we learnt and where
do we go from here? Introduction to the COVID volume. European Societies, 23(sup.1),
pp- S2-S32. Routledge.

Italian Government. (2021). Piano Nazionale di Ripresa e Resilienza. Presidency of the
Council of Ministers. Retrieved from https://www.governo.it/sites/
governo.it/files/PNRRO.pdf.

Mazziotta, M., Pareto, A. (2020). GIli indici sintetici. Giappichelli.

OECD. (2020). OECD digital economy outlook 2020. OECD Publishing.

Traversa, S., Ciacci, A., Ivaldi, E., Gonzalez-Reland, R. (2022), Measuring the Digital Gap in
Italy: A NUTS-2 Level Index, in Globalization, Income Distribution and Sustainable
Development, eds. Chandra Das, R. Emerald Publishing Limited, Bingley, pp. 265-281.

214



	title page
	copyright page
	Table of contents
	Assessing the predictive capability of Invalsi tests on high school final mark
	Silvia Bacci, Bruno Bertaccini, Alessandra Petrucci, Valentina Tocchioni

	Profiling students’ satisfaction towards university courses
	with a latent class approach
	G. Damiana Costanzo, Michelangelo Misuraca, Angela Cosca

	The relation between students’ educational performances and their access test results: a focus on an Italian case
	Matteo Corsi, Luca Persico, Sara Preti, Agnese Sechi

	Structure and dynamics of immigration in the municipalities of northwestern Italy
	Simona Ballabio, Arianna Carra, Flavio Verrecchia, Alberto Vitalini

	Are Italian youngsters adequately equipped 
for an after-pandemic upswing?
	Luigi Bollani, Simone Di Zio, Luigi Fabbris

	How Italians coped with COVID-19 lockdown: evidence from a survey promoted through social networks
	Margherita Silan, Riccardo Bellide

	Official statistics for measuring the sustainability of tourism: the UNWTO initiative
	Emanuela Recchini

	Misinformation and Disinformation in Statistical Methodology for Social Sciences: causes, consequences, and remedies
	Giulio Giacomo Cantone, Venera Tomaselli

	The impact of economic insecurity on life satisfaction among German citizens
	Demetrio Panarello, Gennaro Punzo

	Cultural and sensorial correlates of Trebbiano wine consumption
	Luigi Fabbris, Alfonso Piscitelli

	Tourism and territorial economy: beyond satellite accounting
	Fabrizio Antolini, Antonio Giusti, Francesca Petrei

	Short-term forecasts on time series for tourism in Lombardy
	Andrea Marletta, Roberta Rossi, Elena Diceglie

	Interventions for non-self-sufficiency – Focus on care and social policies in South Tyrol
	Giulia Cavrini, Nadia Paone, Evan Tedeschi

	The territorialisation of the 2030 Agenda: a multilevel approach
	Raffaele Attanasio, Manlio Calzaroni, Alessandro Ciancio, Federico Olivieri, Giovanni Siciliano

	Sustainable development goals: classifying European countries through self-organizing maps
	Cristina Davino, Nicola D’Alesio

	Individual and social aspects of after-Covid-19 pandemic depression
	Pasquale Anselmi, Daiana Colledani, Simone Di Zio, Luigi Fabbris, Egidio Robusto

	Spread of Covid-19 epidemic in Italy between March 2020 and February 2021: empirical evidence at provincial level
	Fabrizio Antolini, Samuele Cesarini, Francesco Giovanni Truglia

	New perspectives for the quality of sub-municipal data with the Italian permanent population and housing census
	Giancarlo Carbonetti, Stefano Daddi, Giampaolo De Matteis, Marco Di Zio, Davide Fardelli, Raffaele Ferrara, Fabio Lipizzi, Enrico Orsini

	The Land Cover/Use Code of the new Istat Census cartography1
	Stefano Mugnoli, Alberto Sabbi, Fabio Lipizzi

	Trusted smart statistics: new statistics for decision makers. Istat’s experience
	Massimo De Cubellis, Gerarda Grippo

	Quality of life in Health Care: focus on patients
	Laura Benedan, Angela Digrandi, Paolo Mariani, Cinzia Pilo, Mariangela Zenga

	Access to emergency care services and inequalities in living standards: some evidence from two Italian northern regions
	Andrea Marino, Marco Pesce, Raffaella Succi

	Population ageing and sustainability in South Tyrol: measuring the economic implications of an ageing society
	Giulia Cavrini, Elisa Cisotto, Alex Weissensteiner

	Job loss and financial struggle among the older age groups in 2021: Lessons from the European Union
	Demetrio Panarello, Giorgio Tassinari

	On the use of auxiliary information in spatial sampling
	Chiara Bocci, Emilia Rocco

	Measures of interrater agreement when each target is evaluated by a different group of raters
	Giuseppe Bove

	A Natural Language Processing approach to measuring expertise in the Delphi-based scenarios
	Yuri Calleo, Simone Di Zio, Francesco Pilla

	Exploring Globalization with Cosmopolitics
	Maria Serena Causo, Erika Cerasti, Fabrizio De Fausti, Monica Scannapieco

	Professional choices and personal values: Similarities and differences between Schein’s career anchors and Schwartz basic values
	Maria Cristiana Martini, Aldo Arra

	Factors affecting tertiary education decisions of immigrants in Italy
	Michele Lalla, Patrizio Frederic

	Internet use, feeling of unacceptance and Loneliness: immigrants of first and second generation in Italy
	Giovanni Busetta, Maria Gabriella Campolo, Antonia Cava

	A composite indicator to measure regional investment policies on R&D and innovation
	Sergio  Salamone, Alessandro Faramondi, Stefania  Della Queva

	Assessing intimate partner violence in African countries through a model-based composite indicator
	Anna Maria Parroco, Micaela Arcaio

	Students’ feedback on the digital ecosystem: a structural topic modeling approach
	Annalina Sarra, Adelia Evangelista, Tonio Di Battista

	The digitization of the private sector. A non-aggregative method to monitor the NRRP agenda at macro-area level
	Susanna Traversa, Enrico Ivaldi

	Digital.VET: an innovative approach for teaching and training
	Teresa Maltese, Maria Santarcangelo, Vito Santarcangelo, Diego Sinitò, 
Aneta Poniszewska-Marańda, Jure Šuligoj, Alcidio Jesus, Elisardo Sanchis

	The joint estimation of accuracy and speed: 
An application to the INVALSI data
	Luca Bungaro, Marta Desimoni, Mariagiulia Matteucci, Stefania Mignani

	Ammonia emissions and fine particulate matter: some evidence in Lombardy
	Alessandro Fusta Moro, Matteo Salis, Andrea Zucchi, Michela Cameletti, 
Natalia Golini, Rosaria Ignaccolo

	On the utility of treating a vineyard against 
Plasmopara viticola: a Bayesian analysis
	Lorenzo Valleggi, Federico Mattia Stefanini

	Trust and security in Italy
	Silvia Golia

	Topic modeling for analysing the Russian propaganda in the conflict with Ukraine
	Maria Gabriella Grassia, Marina Marino, Rocco Mazza, Michelangelo Misuraca, Agostino Stavolo

	The relationship between religiosity, religious coping, and anxieties about the future: a multidimensional analysis on the Evangelical churches of Naples
	Maria Gabriella Grassia, Marina Marino, Rocco Mazza, Agostino Stavolo

	An application of the Agency for Digital Italy guidelines and CSA Star self-assessment: A Docustar case study
	Pierluigi Calabrese, Paola Lunalbi, Vincenzo Ribaudo, Saverio Crisafulli, 
Antonio Ruoto, Vito Santarcangelo, Diego Sinitò, Carlo Bonelli, Giuseppe Stella

	Remote working in Italy: Just a pandemic accident or a lesson for the future?
	Luigi Bollani, Simone Di Zio, Luigi Fabbris

	Repression of the future-oriented disposition of Italians by a never-ending pandemic
	Simone Di Zio, Luigi Fabbris

	Monitoring and evaluation of gender equality policies
	Giuliana Coccia, Emanuela Scavalli

	An experimental annotation task to investigate annotators’ subjectivity in a misogyny dataset
	Alice Tontodimamma, Stefano Anzani, Marco Antonio Stranisci, Valerio Basile, Elisa Ignazzi, Lara Fontanella

	Potential risk of gambling products and online gambling among European adolescents
	Elisa Benedetti, Gabriele Lombardi, Rodolfo Cotichini, Sonia Cerrai, 
Marco Scalese, Sabrina Molinaro

	An Open Data platform for decision making in local public administration
	Giuseppe Sindoni, Matteo Massenzio

	Educational mismatch and productivity: evidence from LEED data on Italian firms
	Laura Bisio, Matteo Lucchese

	A paradata-driven statistical approach to improve fieldwork monitoring: the case of the Non-Profit Institutions census
	Gabriella Fazzi, Manuela Murgia, Alessandra Nuccitelli, Francesca Rossetti, Valentino Parisi, Roberta Piergiovanni, Luigi Arlotta, Maura Giacummo

	Gender INequality Indicator for Academia (GINIA)
	Margherita Silan, Giovanna Boccuzzo

	Given N Forecasting Models, What To Do?
	Fabrizio Culotta


