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Abstract
The growing importance of big data in the current business context is a recognized phenomenon in managerial studies. Many studies have been focused on possible changes deriving from the use of big data analytics in business, specifically in relation to the use of big data in decision-making processes. Recent literature has highlighted how the use of big data within organizations can be a great source of opportunities, but also of risks. However, the number and extent of empirical studies attempting to analyze the opportunities and risks of using big data analytics in management control systems appear rather limited. This work conducts a multiple case study analyzing three companies that have used big data in their decision-making processes within management control systems and that have certain profiles of differentiation (regarding the industry to which they belong and their size). The empirical analysis shows how a proper management of big data can represent a fundamental opportunity for the development of managerial control systems, with some possibilities not yet fully exploited even by those who have already introduced big data analytics in these systems. Big data quality and privacy protection appear to be the profiles presenting the greatest opportunities for future study. Furthermore, new challenges seem to emerge for accountants and controllers, who now are called to a new approach regarding how they should interpret their professional roles.
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1.	Introduction

The current era is characterized by the development of new technologies related to the computerization and digitization of a flow of activities, which require new reflections on the role and scope of innovation management (Nambisan et al., 2017). This process is supported, in particular, by the production of an increasing amount of data (Mayer-Schönberger and Cukier, 2013). Thus, toward the end of the first decade of this century, the term “big data” was introduced to convey the idea of an enormous mass of available data (Manyika et al., 2011), which is relevant both from a quantitative perspective and for the processing speed and varied typology of sources and available formats (Fosso Wamba et al., 2015). 
In recent years, the issue of using big data has involved numerous sectors, disciplinary areas, and applications to daily life (Schmitt, 2020). The issue of big data has now assumed central importance also for managerial sciences: one of the key issues in relation to the use of big data in management is related to decision-making processes (Mcafee and Brynjolfsson, 2012). The use of big data allows an evolution of business intelligence systems toward increasingly sophisticated methods (Petrosino et al., 2018), supported by artificial intelligence and capable of guiding corporate decision makers (Chen et al., 2012; Lavalle et al., 2011). 
Starting from these premises, this work investigates, first, opportunities for the application of big data to management control systems (Warren et al., 2015). As theoretical background, the literature has already highlighted how the use of big data within organizations can be a great opportunity (Sivarajah et al., 2017) because it promotes more informed and evidence-based decision-making processes (Akter et al., 2016). Moreover, in some cases, using big data can also become an opportunity for efficiency purposes, as certain sources of information may be available on a free basis or at a low marginal cost (Loebbecke and Picot, 2015; Sivarajah et al., 2017). 
At the same time, the literature has also showed the risks of excessive and uncritical use of such data, as a double-edged sword (Wenzel and Van Quaquebeke, 2017), in particular when use of the data is not applied and interpreted for the specific business context in which there is a decision to make. These risks are also linked to depersonalization of data interpretation processes, which, in the pre-existing context, was entrusted to decision makers but today can be left to external decision-making algorithms (O’Neill, 2016).
The literature highlights that the issue of the link between big data and management control systems has been the subject of studies focusing mainly on theoretical approaches, often of a bibliometric nature, which explore recurring topics and propose an analysis of the research already conducted and of potential future directions (Ardito et al., 2019; Aykroyd et al., 2019; Batistič and van der Laken, 2019). Empirical investigations, to our knowledge, appear limited (Günther et al., 2017; Vitale et al., 2020), and the motivation of the present research is to fill this gap. … (omissis)


2.	Literature review

2.1 The academic approach to big data

The term “big data” was introduced to express the idea of a huge mass of data that can be used for different purposes (Mayer-Schönberger and Cukier, 2013). At the academic level, a first definition of big data, consistent with its current usage, can be found in Weiss and Indurkhya (1998, xi), who state that “very large collections of data—millions or even hundreds of millions of individual records—are now being compiled into centralized data warehouses, allowing analysts to make use of powerful methods to examine data more comprehensively. In theory, ‘big data’ can lead to much stronger conclusions for data-mining applications, but in practice many difficulties arise.” 
Another fundamental work, albeit not of an academic nature, which is recognized in the literature for its important contribution on the subject (Diebold, 2012; Mayer-Schönberger and Cukier, 2013) is the report produced by Doug Laney (2001) of the META Group. This work, which does not explicitly use the expression “big data,” presents the growing opportunities in terms of data management according to the three-dimensional profile linked to the so-called “3Vs”: volume, velocity, and variety. This approach was later taken up by other influential studies (Mcafee and Brynjolfsson, 2012; Russom, 2011) and remains a milestone in big data studies. In particular, the concept of volume expresses the large amount of data or records; velocity refers to the frequency of generation, processing, and transmission; variety refers to the wide range of available sources and formats.


2.2 Big data for business administration

The topic of big data soon became central in business, management, and accounting studies. Figure 1 shows an extrapolation of the number of academic contributions, with reference to the period 2008–2021, found in the Scopus database that report the term “big data” in the article title, abstract, or keywords:
The chart shows that the study of this phenomenon over the last decade has seen a constant increase, with high growth rates up to 2017, a surge in 2019, and a settling on the 2019 values in the last three years. Therefore, the chart displays how big data represents a topic of particular importance and depth for the international community of scholars of business, management, and accounting. The small decrease recorded in 2021 should be considered within a global interest that nonetheless remains high.
In the business context, the theoretical background related to the centrality of big data focuses on its impact on firm performance (Akter et al., 2016; M. Gupta and George, 2016) and its use in decision-making processes (Awan et al., 2021; Bertei et al., 2015; Mcafee and Brynjolfsson, 2012). This latter aspect may be considered strictly connected with management control. In this field, scholars have also paid specific attention to big data’s application in the context of performance management or measurement systems, wherein decision-making systems play a central role (Alahakoon and Wijenayake, 2017; Montemari and Nielsen, 2021; Visani, 2017).

Figure 1 – Evolution of the number of studies on big data in business, management, and accounting studies.


The analysis of big data tends to shift attention from the search for causal links (the why) to the specific survey object (the what) or to a system of correlations between different survey objects (Mayer-Schönberger and Cukier, 2013). This is due to the greater availability of data that can represent these objects, where the detection of causal links takes on less significance. In this sense, the presence of information systems based on the use of big data tends to involve a transition from an explanatory logic to a predictive one (Gunasekaran et al., 2017). In the context of these advanced systems, it is inevitable that data are lost, according to a data management process that is defined as “lossy” (Heiland, 2011), but otherwise fast access to big data is an obligation when processing big data within a certain period is essential for a valuable decision-making system (Che et al., 2013)[footnoteRef:3]. [3:  This is consistent with an effective and timely data processing system, the centrality of which the Italian school of business administration has always affirmed (Marchi, 1993).] 


… (omissis)


3.	Research method

The research method employed multiple case studies (Stake, 2006). The principle that led to this choice is that: “Each case is analogous to an experiment, and multiple cases are analogous to multiple experiments” (Eisenhardt, 1989, p. 12). The purpose therefore was to obtain, thanks to replication, the possibility of enriching the proposed considerations, in compliance with the necessary methodological rigor (Eisenhardt and Graebner, 2007). In fact, replication leads to comparison, which allows the initial theoretical concepts and the relationships established between them to be developed in more detail (Yin, 2018).
With reference to the research protocol, the procedure was as follows. First, the theory underlying the research was subjected to in-depth analysis based on what has emerged in the literature. This theory concerned the analysis of possible opportunities and potential risks deriving from the use of big data in the context of management control systems. The result of this first step has been illustrated in the previous section (see Table 1).
The next step involved the selection of three cases, which was deemed a sufficient number for an exploratory approach (Scapens, 2004), as well as for carrying out the research with sufficient analysis. Identification of the cases considered the criteria suggested by Stake (2006, p. 23), which consist in responding positively to three questions: 
· Is the case relevant to the quintain?
· Do the cases provide diversity across contexts?
· Do the cases provide good opportunities to learn about complexity and contexts?

With reference to the first point, we identified three companies in an already fairly or quite advanced stage of adopting big data within their control systems. According to the definition of Lavalle et al. (2011), two of these companies ideally correspond to the classification of “experienced” in the use of big data, whereas the third can be considered “transformed” because of how the use of big data has become central in the exploration of corporate strategies and in the development of decision-making systems.
For the second point, the choice fell on companies that had certain profiles of differentiation (regarding the sector to which they belong and to size) so as not to drop the essential reference required in exploratory research, that is, the presence of elements of replicability. 
Regarding the third point, the three identified entities are companies, which—with reference to the parameters for classifying the size of companies in the European Union, based on the Commission Recommendation of 6 May 2003 (2003/361/EC)—belong to the big enterprise segment. This element appears suitable for identifying study of the use of big data at a sufficient level of complexity, due both to the size of the company as well as to the fact, as mentioned, they have used big data for some years.
The first company (hereinafter referred to as “Company A”), operating in the transport/mobility sector, presents a balance sheet over 400 million euros and has over 2,000 employees. It has been using big data for six years for decision-making processes related to the control of passenger flow, its relationship with users, its management of internal orders (with reference to mechanical workshops), and its relationship with suppliers. The reference unit for big data management profiles is identified by the planning and business intelligence manager, who was the person directly involved in this research.
The second company (hereinafter referred to as “Company B”), also operating in the transport/mobility sector, presents a balance sheet over 400 million euros and has nearly 10,000 employees. It has been using big data for eight years for the production management process, the implementation of performance management, cost optimization, personnel management, and with repercussions on corporate governance systems. The reference unit for big data management profiles is identified in the ICT sector, whose manager was directly involved in this research.
The third company (hereinafter referred to as “Company C”) is a multinational company operating in the IT sector. It was among the first companies globally to use big data. The in-depth analysis carried out for this research focused on the Italian division of this entity, which has 850 employees. Company C, in addition to using big data for multiple activities related to the corporate decision system, also develops products for other companies, aimed at encouraging the use of big data to achieve corporate objectives. This division does not have an organizational unit that can be uniquely identified as responsible for the management profiles of big data, which is a key resource for the entire organization, due to its extension and operating business. In the context of this work, the person directly involved is a manager framed as a “technology strategist” and is responsible for various functions with reference to the division’s digital transformation processes.

Table 1 – The companies selected for the in-depth-analysis 
	Company
	Company Size
	Business Sector

	A
	Big
	Transport/Mobility

	B
	Big
	Transport/Mobility

	C
	Multinational
	Information Technology


Source: authors own elaboration

After identification of a reference subject in each company for the qualitative research interviews (Qu and Dumay, 2011), the research protocol was then implemented through the steps illustrated in the following graph, which overall was divided into a period of 10 months (from March 2021 to January 2022):
The first step was represented by an unstructured research interview with the identification of possible aspects to be explored in the field of big data; the points emerging from the literature, already developed in the first part of this work, formed a basis for guiding the comparison with the interviewees. The average duration of the three interviews was approximately 1 hour.
The second step involved visualization and direct observation of information sources relating to the processing flow of corporate big data; the interviews in the first step were therefore enriched by the consultation of materials (internal reports, spreadsheets, and documents developed by the organizational units involved in the management of big data), which allowed a direct view of the concrete methods of data processing for management control.
The third and subsequent step consisted of the collection of what emerged in the three cases, which led to the creation of a second research interview. For this step, the interview was semi-structured, with the deepening of key points; these interviews went into analysis of three points of interest, which were the result of the previous steps of the research. Coherently, the interviews were divided into three sections, with the goal of understanding the ideas that emerged from the literature and from the first interviews. The average duration of these second interviews was approximately 1 hour and a half.
The heart of the results of this article derives from this third phase of the research protocol, the first two steps being functional to this. The results, in the following section, are therefore presented with reference to the three profiles. In particular, they are the following:
1) Effective management of big data. This first profile, with reference to what emerged from the literature, seeks to investigate ways of maximizing the opportunities offered by big data in its various fields of application.
2) Big data sources. This second point derives from the fact that, as emerged from the first discussion with the managers interviewed, the first two risks identified by the analysis of the literature (acritical use of analytics and bad quality of data, and possibility of higher costs) are largely linked to the sources from which big data is collected. From this perspective, the theme of reflecting on the provenance of big data takes on central importance.
3) Big data and privacy. This subject, already present in the literature and connected to the third risk identified in the previous discussion, was also identified by the interviewees as a topic of absolute pre-eminence in the context of these topics.

The last step of the research protocol consisted in transcribing the interviews and sending the transcriptions to the interviewees for confirmation and any additions. They reviewed their answers and, in all three cases, revisions and/or additions were proposed, thus arriving at a definitive formulation of the responses provided. The quotes used in the following section refer to this latest version. The interviews were conducted in Italian, so the answers here represent a translation carried out by the authors from the official versions provided by the interviewees.


4.	Results

As outlined in the presentation of the research method, the results that emerged will be presented with reference to the three profiles that were the object of specific study in the third step of the research protocol, identified for the collection of data offered by the case studies.


4.1 First profile: effective management of big data

For this profile, the questions asked to the interviewees normally started from the following point: Taking into consideration your experience, what is the most effective way to manage big data/analytics? In which decisional spheres do they intervene: production system/governance/performance management/other?
Overall, the companies analyzed, which have for years been interfacing with the use of big data and analytics, show a profile of great satisfaction with the opportunities these have offered and anticipate strengthening of these paths and further opportunities that may arise from them.

Company A
For Company A, operating in the transport/mobility sector, one application area where the use of big data and digitized data flow have led to considerable progress—and where further future innovations are expected—is process management maintenance of vehicles used for transport services, according to a project that has been defined as “maintenance 4.0.” This process finds its implementation in the digitization of workshop processes, in the collection of the service data through sensors and on-board applications, in the data storage that lays the basis for real-time reporting, and in the application of maintenance tools based on predictive action.
A “self-service reporting” platform satisfies the company’s needs across various functions. The possibility of integrating different data sources (ERP software, worksheets, other databases, etc.) can also meet the needs of the less operational functions that require reports for the visibility and usability of data (e.g., management control, purchases). The reporting model helps creating automatic alerts, for example relating to the expiry dates of supplier contracts, which would allow for optimization of timing in preparation of public tenders. The digitization of the workshop and therefore of the maintenance order management activities reduces manual tasks with no added value and entails process benefits in terms of greater visibility and timeliness of data, the reduction of manual activities, and in the use of paper.
In the territory where the transport services are managed by Company A, on-board passenger counting systems were not available; therefore:

“The choice we finally made was to use an algorithm, developed by a joint group of subjects, [...] whereby through the images of the on-board video surveillance and also through a process of neural networks and progressive improvement of the data, we get to count the people on the basis of the surveillance cameras, with a data pooling, which is now two-and-a-half minutes and then slowly will arrive at a minute and so on, crossing all the data of the individual cameras. Since there are more cameras on board, there is an iterative process that tends to improve the data.” 
[Company A manager]

This translates into an effective flow monitoring system, also useful for passengers, who can view, on a company app, the passenger level of active vehicles, according to a traffic light index, which can be taken into consideration in the presence of rules on capacity limits for means of transport (which is particularly relevant during the COVID-19 pandemic). Obviously, the implications are also of interest for the planning of scheduled services, as it will yield precise knowledge of the flow of passengers transported, with the identification of potential lines to be upgraded or reduced. … (omissis)

Company B
A central role of digitization also emerges in a striking way, correlated to the possibilities of making effective use of the large mass of available data. This evidence emerged from all the interviews, but found particular emphasis in the contributions offered by Companies B. The interviewee belonging to Company B in fact asserted that the entire chain linked to management control processes has undergone a very significant digital transformation process in recent years. The areas are different from digitization of the scheduling of lawsuits, rolling stock, and vehicle maintenance to the definition of driving and machine shifts. In particular, in highlighting these concepts, he stated:

“Just think of the process that supports the service of a scheduled bus or metro train that passes through the main service planning processes: timetables, driving shifts, personnel management, control system and operating rooms. Predictive—and therefore preventive—maintenance. On-board tracking systems, with reference to both the diagnostic and driving performance systems, and to the monitoring of passenger counts, and to the final balance of the transport services performed.”
 [Company B manager]

In this way, the processes involved are varied. Data processing takes place on “data lake” systems, and advanced machine learning tools favor the possibility of equipping business intelligence systems with dashboards for all staff, from workers to top management, who use data in real time. … (omissis)


4.2 Second profile: big data sources

For this profile, the questions asked to the interviewees normally started from this point: With reference to your general experience in the management of large information flows for decision-making purposes (referring to your own company, and to its commercial partners), are the sources to obtain such data mainly internal (internally developed databases) or external (government sources, external databases, applications, and information providers, ...)? About the external data, are some of them a function of algorithms whose processing content is unknown?
Regarding the basis of the development of analytics that feeds the company information systems, the Company C manager offered a very clear overview. In particular, he noted that, for those who make extensive use of big data, as a rule, the primary sources are generally internal, to which external data (datasets) are then added to integrate the information of their core business from specialized external providers.
Among these sources of information of an external nature, two main categories that emerge: 1) market information (market trends, forecasts, consumption trends, etc.) systematically collected by analysts; in recent years, the large social and e-commerce platforms have assumed a leading role in this area; and 2) “vertical specialist information” (think for example of weather data or large databases typically offered by public administrations, e.g., open data, government bodies, and NGOs). … (omissis)


5.	Discussion and conclusions

What emerged from the analysis of the three cases allows us to develop considerations drawn from the literature and put forward conclusive considerations. The experience of the interviewees makes it possible to produce observations in the use of big data for the development of a business, with reference to management control systems.
[bookmark: _Hlk123670000]Proper management of big data can prove to be a fundamental opportunity for the development of management control systems, with certain possibilities for further development enabled by the advent of new, even more sophisticated, data processing technologies. That said, the process of converting the use of big data into a lasting advantage is not always simple (Erevelles et al., 2016) and requires constant attention, taking into account relationships with external parties that may be the source of the data or, in some cases, with those called upon to process the data. A control system capable of correctly interpreting big data analytics, however, represents an investment for the company, which must carefully evaluate the origin of the data and its tracing and validation system, as well as the quality of the data, both in its origin and with reference to its processing. … (omissis)
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