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Abstract. Business intelligence (BI) has attracted considerable attention in
recent years. Despite the hype, BI frequently suffers from broad definitions,
unrealistic expectations, and the incongruities of IT needs between headquarters
and local business units. We report the findings of a case study at a large
international manufacturing firm headquartered in the EU. The firm wants to
transform itself from a conservative firm with traditional values to a more
entrepreneurial and nimble organization with its supply chains driven by
Industry 4.0 and the Internet of Things (IoT). The firm is going through its
transformation, focusing on the BI system. Our observations suggest that firms
consider BI to be the enabler of change management rather than simply
technical tools that extend the traditional systems environment.
Keywords: Business Intelligence (BI), Industry 4.0, Big Data, The Internet of
Things, Grassroots BI.

1 Introduction
Over the past decade, business intelligence (BI) has drawn considerable attention from both
academic and practitioner communities [1]. In response to an ever-increasing amount of data to
analyze and growing pressure to provide better and quicker responses to customers, many
organizations have turned to BI applications as a means to improve organizational decision
making.
Originally coined by the Gartner Group in the 1990s, BI typically refers to a variety of
information technology (IT)-based tools and approaches for helping organizations make better
use of the increasingly vast amounts of data accumulated from both internal and external
sources. Thus, BI is typically defined as a system comprised of both technical and organizational
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elements that presents information to its users for analysis and enables effective decision making
and management support, with the overall purpose of increasing organizational performance [2].
Recently, the amount of data available has dramatically increased, leading to a new term being
coined: big data. Big data has been described as a “critical new form of economic currency” and
defined as “data sets that can no longer be easily managed or analyzed with traditional data
management tools, methods, and infrastructures” [3]. Next to the mind-boggling increase in data,
the rise of analytics and its use to guide decision making has also motivated organizations to
leverage data for competitive advantage. Considering the close connection of BI with these new
concepts, BI systems have also started to increasingly include and combine the use of predictive
modeling, including (mostly unstructured) big data and sensor data from the so-called Internet of
Things (IoT) within.
While BI has become a common term, the conceptualization and expectations from BI vary
among organizations and individuals. It may encompass the mere description of functionality
(e.g. reporting, consolidation) as well as the key elements of information management in large
organizations (e.g. creating a corporate memory by means of data warehouses) to constitute a
fundamental part of data science (e.g. by including analytical techniques). Hence, BI and
analytics are usually referred to as one of the cornerstones of the digital transformation, which
can be broadly defined as IT-enabled major business improvements [4]. As any transformation
includes major change management efforts, we are particularly interested in the transformational
power of BI in two ways: 1) What impact does digital transformation have on the roles of BI
systems? 2) What transformational effects can BI systems support?
Seeking the answers to these research questions, we have the opportunity to observe an
organizational transformation project at a large global manufacturing firm aspiring to become a
leading Industry-4.0 firm [5]. Our research goal is to learn from this firm’s journey towards
accomplishing a transformational experience. In particular, this firm aims to change from a
conservative firm with traditional values to a more entrepreneurial and nimble organization with
its supply chains driven by Industry 4.0 and the IoT. We focus on the structuration effects [6] of
digital transformation and BI systems at the grassroots level.

2 Literature Review
BI systems, especially for organizations operating in highly competitive environments, are
critical. They are expected to contribute to decision making by providing users with timely
access, effective analysis, and insightful presentation of data, collected from outside or generated
within the organization, enabling them to make the right decisions [7], [8]. Thus, BI systems
have so far been commonly identified as strategic enterprise-wide technological solutions
holding quality information in well-designed data stores. Even though the majority of BI
implementations are data-centric, focusing on reporting and advanced analytics, recent research
confirms the existence and the need for process-centric BI applications [9]. Indeed, BI systems
provide higher business value when used within management processes that impact operational
processes, as well as within those operational processes themselves [10].
Research shows that the operational approach to BI increases the value gained from the BI
system [11]. For instance, Bronzo et al. [12] show that business analytics, as a part of BI, have a
positive effect on organizational performance when aligned with process orientation initiatives.
However, operational or functional BI is sometimes seen as undesirable by the IT departments in
organizations as it requires integrating BI into operational business processes. Thus, IT typically
supports only the enterprise BI solutions such as data warehouse and dashboard use across units.
As Arnott et al. [13] found after examining 86 decisions supported by the BI systems used at
eight organizations, this leads to more than 80% of decisions being supported by corporate-wide
BI systems, whereas fewer than 20% use departmental or unit-specific BI systems [13].
Moreover, current BI systems are predominantly geared towards non-strategic
operational/tactical support, not necessarily fostering change and innovation at the grassroots
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level. This is also supported by other research that shows BI is traditionally used by IT-savvy
leaders with a higher education [14].
For our case study, we briefly review the BI literature regarding terminology, commonly used
theoretical/research perspectives, and an underrepresented perspective.
2.1 BI Definitions
Various definitions of BI have emerged in the academic and practitioner literature, typically
using BI as an umbrella term [1], [15]. While some broadly define BI as a holistic and
sophisticated approach to cross-organizational decision support, others approach it from a more
technical point of view. The definition of BI can focus on (a) applications, infrastructure, tools,
and best practices [15], (b) concepts and methods to improve business decisions [1], (c) the
distribution of “the right information to the right people at the right time” [16, p. 22], (d) the
purposeful use of data for decision making [17], and (e) the outcomes of information use in the
business domain [18]. Recently, BI has also been defined as a system comprised of both
technical and organizational elements that presents information for analysis to enable effective
decision making and management support for users, with the overall purpose of increasing
organizational performance [19]. These different approaches to defining BI also yield different
perspectives on BI success or may lead to varying expectations from BI among managers and
end-users.
2.2 BI Perspectives
Given the broad definitions of BI, we must consider a number of contextual factors of a sociotechnical nature that affect BI systems [14]. The perspectives put forward in BI review papers
include structured vs. unstructured data sources [20], the BI category vs. research strategy [21],
socio-technical evolution [22], knowledge management [23], and banking [24]. However, a
common perspective is the data-centric approach because “getting data is the most challenging
aspect of BI” [25, p. 96].
2.3 BI Outcomes
Organizations may implement BI to achieve a variety of organizational benefits; therefore, the
expected outcomes, or how BI success is defined, may differ from organization to organization,
depending on the benefits expected from the BI initiative [19]. Successful BI implementation
provides “analytical tools to present complex internal and competitive information to planners
and decision makers” [20, p. 178], self-service and performance measurement capabilities for
individual managers [26], decision support, work integration, and improved customer service
[11]. BI success also creates operational and strategic business values [27] as well as a
competitive advantage and stakeholder satisfaction [28]. It is safe to generalize that BI success is
related to the positive value an organization obtains from its BI investment [19]. While some
organizations are interested in tangible and quantifiable outcomes and use explicit measures (e.g.
return on investment (ROI) improvements or increased profitability), others are interested in
observing intangible outcomes. These may include users’ perception of BI as mission critical or
amount of support from the stakeholders [19]. Specific BI expectations may even differ across
organizational units; for instance, one unit may use BI to achieve better management of its
supply chain, while another may adopt it to achieve better customer service.
2.4 BI and Change Management
Regardless of the expected outcomes of BI, an organization-wide implementation implies a
significant change in the business processes of the organization. This is similar to the fact that an
enterprise resource planning (ERP) system implementation modifies the way an organization
3

operates [29]. It implies that user adoption is potentially the most critical factor. An organization
can invest in the most advanced BI infrastructure or implement the latest BI tools, but all of that
will not mean anything if users are not using the systems as they are supposed to be used [30].
Properly used BI systems lead to the reengineering of fundamental business processes, which is
all about change. Change is a type of event involving organizational form, quality, or state over
time [31]. We thus define change management for BI as an incremental or transformational
process of modifying the organization’s reporting structure progressively, operational quality,
and culture by using data, information, and knowledge effectively. Business process change
management is a strategy-driven organizational initiative that sets out to achieve a competitive
advantage by balancing the forces between change and resistance [32]. Although user-oriented
change management is regarded as a critical success factor for the implementation of BI systems
[33], the maturity and adoption levels of process-centric BI remain low [34].
2.5 Underrepresented Perspective
The fundamental outcome of BI is to change the work carried out by individual workers and
organizational units by using improved decisions based on timely and relevant information. The
more widespread such changes are implemented, the more benefits the organization can reap
from BI. Because business contexts are usually complex and constantly changing, especially
with such evolutions as Industry 4.0, we propose that BI users adopt a cognitive approach that
“declares knowledge or rules about how to manage activities based on the current state of the
environment” [35, p. 181]. From this perspective, we posit that BI should be regarded as the
enabler of change management rather than as a technical tool that extends the traditional systems
environment. And yet, change management, especially at the grassroots level, is not deservedly
addressed in the current literature.
In sum, BI is often understood in different ways. In particular, because it is heavily datacentric, scholars might have overlooked BI’s potential as an agent of organizational change in
the socio-technical context.

3 Method
This study is in the first phase of an empirical BI study at Strasbourg Industries (the firm name is
disguised) headquartered in the European Union (EU). Strasbourg is a traditional manufacturing
firm with a long history of global business success, especially in various types of automotive
control systems. Recently, the IoT has become a “megatrend” for smart and connected
automotive control systems [36]. Given the rise of the IoT, Strasbourg has set the inspiring
vision of being a leading Industry-4.0 firm that not only incorporates the IoT into its automotive
systems products but also leverages the IoT to create new business models.
The firm’s computing vision is heavily headquarters-driven, with the emphasis on developing
standardized global templates and then applying those globally with some degree of
customization. While the firm has used multiple ERP systems and data warehousing techniques
since the turn of the century, firm-wide BI implementation is still in its formative stage, with the
global BI template implemented in its major business units and fine-tuned in North America, the
firm’s biggest market. This region is regarded as the forerunner of strategic BI initiatives,
allowing the firm to establish successful BI templates for the other regions in the world market.
We feel the traditional ERP-driven approach at various sites needs adjustment to meet the new
vision that emphasizes a more innovative culture. In particular, the firm’s leadership must
consider BI’s role beyond the extension of its ERP systems and data warehousing environment
because business innovations often emerge at the skunkworks level [37].
Because the firm is in the early rollout phase of global BI implementation, it is beneficial that
the research team not only observes the process but also shares findings to help managers. We
thus use the action research approach that facilitates the resolution of practical problems while
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gaining scientific knowledge [38]. We are in the diagnostic stage of the action study in which we
interviewed a key BI manager in the IT unit and then 10 BI power users, who were chosen based
on their business process knowledge and the expectation of leading other users [39] in North
America, in order to assess the state of Strasbourg’s BI implementation. The structures of the
questions were as follows. For the BI manager, we asked for an overview of the BI strategy as
well as of BI programs and projects, progress, and challenges. BI power users were asked about
their managerial roles, business needs, BI expectations, communication with the IT unit, and
transformational changes before, during, and after certain phase(s) of the BI implementation. The
interviews were recorded, transcribed, and coded for analysis. We used descriptive and topic
coding to evaluate interviewees’ understanding of BI as a concept and tool, communication with
IT staff, and current and future expectations. By examining the results (see Section 4), we then
formulated two dimensions of change management to develop a data-driven management
paradigm, as summarized in Figure 1 in Section 5.

4 Tentative Results and Implications
4.1 Broad Expectations
We asked the BI power users what BI meant and how they perceived BI functionality. Because
the definition of BI is not as clear cut as it is presented in Section 2, the responses are, not
surprisingly, varied. Some representative answers are as follows:
“I don’t quite understand [what BI means].” [ERP Coordinator]
“To me, [BI is] a broad term. I know what it means. It’s really the applications –
BusinessObjects, Crystal Reporting, and creating dashboards – that basically allow for
cockpits, for the organizations to use, and have the information together from the end-user all
the way up to the top-level management.” [Manufacturing Systems Engineer]
“[To me, BI is what the IT staff in the headquarters] designed canned reports that everyone
uses.” [Analyst]
“[To me, BI] is user-driven. It has changed how users interface with data.” [ERP Specialist]
“When I say BI, I think of something that has source data, probably from ERP, feeding the
data to cubes to do analytics, especially predictive analytics by using historical data.” [Sales
Forecasting Staff]
End-users generally perceive BI as a data-driven initiative that extends the scope of ERP
systems. However, the expectation of BI goes beyond more standardized, visual reports and
explicitly includes the transformation of business and organizational culture. Selected statements
are below:
“[BI] is really for me that you can slice and dice the way you want.” [Controlling Manager]
“There is no IT solution that can fix what I’m doing. It’s just not there. I don’t think there
will ever be a complete IT solution for forecasting; there are too many pieces at play.” [Sales
Forecasting Staff]
“[The future of BI is geared towards] developing new business models to provide new
revenue streams for Strasbourg [along with the IoT]. … Yes, there is a big push to change the
mindset of employees.” [BI IT Manager]
5

Some end-users anticipate that BI will bring new insights and ideas that go beyond current
business practices.
4.2 Lateral Communication of the BI Vision
Communication of the vision is critical in any enterprise-wide system implementation between
management and end-users. Because BI is contextual to business processes, BI end-users
invariably indicate that the communication between business units and IT has been challenging.
This raises the question of whether an internal IT department is the right partner for supporting
BI.
“Communication is good as long as we are in the same building [with the IT department].”
[Sales Forecasting Manager]
“IT groups can tell you the umbrella concepts. But IT is not supposed to understand (the
details of) different businesses underneath. They regard themselves as support providers.
Being proactive solution providers is not in their scope.” [Finance Manager]
“The main challenge has been to have IT staff understand [our] business context. In addition,
there are communication barriers when I talk to IT staff [overseas].” [Logistics Analyst]
“To be honest, directly with the IT people, I don’t communicate unless we have them on
site.” [Manufacturing Systems Engineer]
“I use Strasbourg Connect [a collaboration/knowledge-sharing website]. I posted questions
four times, but got only one short reply. Strasbourg Connect has not been helpful so far.”
[Logistics Analyst]
Despite these communication barriers, end-users do not expect their IT colleagues to fully
comprehend the details of their operational needs, as seen in the second quote above from the
Finance Manager. Recalling the last two quotes from the ERP Specialist and Sales Forecasting
Manager in the previous section, what end-users implicitly suggested is what we call grassroots
BI, in which BI end-users drive tool selections and implementation to pioneer ecological
grassroots innovation [40]. The term “BI sandbox” [41] refers to the testing environment for BI
end-users. Grassroots BI, on the contrary, goes beyond analytical solutions to influence work
culture and foster innovation.
4.3 BI as an Enabler of Change Management
Because the firm has enjoyed long-term business success, its organizational structure and culture
appear resistant to changes that may disrupt the status quo. Some users foresee BI as a potential
catalyst for organizational change through data-driven innovation.
“The biggest challenge (for BI) is breaking barriers. Our organizational culture is still not
into simplicity.” [Unit Manager]
“We are nowhere near what technologies can do as far as I can see, for instance, at Gartner
conferences.” [Sales Forecasting]
“There are ‘silos’ between HR, finance, manufacturing, and operations within [our] division.
Great BI applications should help overcome these ‘silos.’” [Data Analyst]
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The use of analytics is evolving as part of the ongoing transformation. From a technological
perspective, changes have occurred with the ever-growing amount of data. However, procedures
are needed to analyze and integrate data into the organizational context. Because data analytics is
one of the cornerstones of the digital transformation, we are slightly surprised that the
organizational transformation towards working with data is still neglected, according to our
interview data.

5 Change Management Towards a Data-Driven Paradigm
We borrowed open and axial coding elements from the grounded theory approach [42], [43] to
investigate the changes in the organization in more detail. By coding our sample based on the
interview data, we observed two dimensions of change management: a) the need to shift the
management culture towards a data-driven work environment (e.g. “there is a big push to change
the mindset of employees”; “Our organizational culture is still not into simplicity.”) and b) the
need to facilitate the changes needed to update the systems landscape (e.g. “The main challenge
has been to have IT staff understand [our] business context”; “Great BI applications should help
overcome these ‘silos.’”). Following that logic, we derived a matrix of change management
towards a data-driven management paradigm (Figure 1). In later research, we will use this matrix
to guide our investigations.
Traditionally, BI is used to support decision making in organizations; some implementations
even automate decision making (see the upper left quadrant in Figure 1). Mostly, Inmon’s [44]
criteria for data warehousing architecture serve as the design principle. Hence, the classic
decision support role of BI is based on a dispositive data logic deeply rooted in financial
information and structured standardized reporting. Previous research indicates that how closely
BI reflects the goals of the organization in decision outcomes as well as the structure of the
decisions for which the BI is used impacts BI outcomes [2], [45], [46]. The classic decisionsupport role of BI typically implies structured decisions presented in standard reporting tools or
dashboards, mostly consumed by middle and upper management.
Expanding the scope of BI towards prediction indicates not only the changing nature of
methods of analysis but also the changing sources of data. While BI traditionally feeds from
internal data sources, during recent years, the field of BI has been adapting to deal with “bigger”
data sources. With the entrance of “big data” into the business world, there is a growing demand
to “know more” about the external environment and extract information by combining seemingly
unrelated data sources, mostly collected from third parties. This asks for technologies and
processes that are able to process greater amounts of data in different formats and structures
(usually summarized by the three V’s of volume, variety, and velocity). In addition to the
changing design assumptions and system requirements, the obvious challenge is to integrate data
sources into the existing technology stack in order to derive valuable insights for the
organization. In some cases, the technologies and methodologies used should also be able to
cope with real-time or near real-time analysis of streaming data. As the lower left quadrant of
Figure 1 summarizes, only the sound integration of existing and emerging data sources can lead
to viable predications, and this comes with a high level of change in the way BI is used.
The second change dimension (leading to the upper right quadrant of the matrix in Figure 1)
addresses the raised expectations of BI users, and encompasses the steering function of BI. For
modern users, who are accustomed to easily consumable IS services, long procedures of data
gathering and siloed analysis are simply no longer acceptable. The changing expectations of endusers from their decision-making environments are also visible in the operational BI movement
[9]. Operational BI centers around integrating BI into an organization’s business processes and
making it more flexible and dynamic. Operational BI addresses the need to “synchronize the
efforts of decision-makers at the strategic, tactical, and operational levels to reach a common set
of business goals and objectives” [9, p. 9]. Considering the trend and business expectation
towards agility and faster decision making, BI could be used to automate structured and
7

repetitive business processes, thus leaving more time and autonomy for the users to focus on
unstructured cases. It will also enable the users to start forecasting the future instead of reporting
on the past. It is important to note that this calls for a high level of process maturity in the
organization. For instance, many well-known online retailers routinely suggest the next best
deals. Why not allow BI systems to provide preliminary analysis results based on up-to-date data
that could then be incorporated into an established, more traditional organization with sufficient
IT resources? Such expectations raise the level of process maturity with fully automated decision
making beyond quality reports, churn and fraud analytics, and so forth.

Figure 1. Change Management Matrix towards a Data-Driven Paradigm

Whether an organization is driven by raised expectations or novel analytical capabilities
(Strasbourg tends to be a case of the latter), the result will ultimately be a data-driven
organization. Such data-driven modes of working depend on deriving sound figures rather than
formal (hierarchical) structures and standardized procedures. By contrast, such legacy structures
are often a major obstacle to a data-driven paradigm unleashing its full potential. In that light, the
need articulated by our participants for holistic change management is understandable, as
described in the lower right quadrant of the matrix in Figure 1. At the end of the day, technical
perfection does not guarantee BI success; the most critical factor is business users embracing the
BI system [30]. One possible direction of change for Strasbourg is to integrate Holacracy, a selforganization system in which (1) the organizational structure is team-based, (2) teams design and
govern themselves, and (3) leadership is contextual [47]. The real business value of BI is seen
when it is used within management as well as operational processes that directly drive revenue or
reduce costs [9].
As organizations move towards expanding their BI use to handle a wider variety of decisions
with managerial or operational nature and within various levels in the organization, it is
important to pay attention to the variety of capabilities that BI provides to support decision
making and how it is seen by top management. As the organization starts shifting from
backward-looking questions such as “what happened?” towards forward-looking, “what will
happen?”. The role of BI will also shift towards a more steering function that leads the
organization towards a data-driven paradigm. Certainly, future research should further
investigate how optimally such organizational change is planned and facilitated.
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6 Conclusions and Outlook
This study reports findings of a case study regarding how a large established manufacturing firm
is going through its transformation with BI. This company aims to transform and position itself
as a market leader with Industry 4.0 and the IoT. We started the study with semi-structured
explorative interviews that initially aimed to shed light on the alignment of global BI initiatives.
Given that the interviewees are from one organization, the findings may be biased to the
organizational nature of Strasbourg Industries. Hence, the obvious next step is to apply
methodological rigor and work with a hypothesis to solidify our results. Yet, sufficient data were
obtained to articulate preliminary findings and postulate a research framework (Figure 1) for
further investigation. During the first phase of our study, we found an interesting and probably
under-investigated topic of change management for the digital transformation: changing the
current mode of working from operations/procedures towards a data-driven paradigm with what
we call grassroots BI. To foster grassroots innovations at the end-user level, we posit BI as the
enabler of change management rather than technical tools that extend the traditional systems
environment. Taking this fresh look at BI and analytics allows for a novel framing of digital
transformation towards a data-driven paradigm. Even though bringing a new way of doing
business has been suggested as a benefit of using BI [48], how BI can be a facilitator of change
management has not been addressed in the literature to the best of our knowledge.
Our results indicate that such change management for the digital transformation will be a
significant challenge, particularly for large, established organizations. In particular, leading tech
companies that work with advanced analytics leveraging the IoT and Industry 4.0 will be the
cornerstones of the digital transformation. We are grateful to have the opportunity to witness the
organizational evolutions of a market leader. To validate these findings, we plan to include more
organizations in the study to identify and isolate the organizational context as a moderating
variable. Further, an organizational unit needs to align its information system use with the
prevalent decision-making styles to enhance its effectiveness [49]. Future studies should
examine how a unit’s prevalent decision-making styles and leadership categories (directive,
interactive, and non-directive) [49] moderate the effectiveness of change management towards a
data-driven paradigm.
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