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Keywords: Companies currently have to deal with profound changes in the way they manage their business, their customers
Big data and their business models, since they are overrun by a data-driven revolution in management. This revolution is
Big d?{ta technologies due to the wide availability of big data and the fast evolution of big data technologies. Big data is recognized as
Adoption one of the most important areas of future technology, and is fast gaining the attention of many industries, since it
E:};ﬁts can provide high value to companies. This article investigates the adoption levels of big data technologies in
Size companies, and the big data sources used by them. This article also points out the most frequently recognized

strategic, transactional, transformational and informational benefits and risks related to the usage of big data
technologies by companies. In order to achieve these aims, the paper looks at the differences that exist among
companies of different sizes, by comparing medium-sized and large companies, and the differences among
companies of different industrial sectors. It provides evidence that only in a few cases these differences are
significant. This study could serve as a reference for managers who wish to initiate an evaluation cycle on the

Industrial sector

adoption and usage of big data technologies.

1. Introduction

Companies have to deal with profound changes in the way they
manage their business, their customers and their business models, since
they are overrun by a data-driven revolution in management (Tambe,
2014). This is taking place because new opportunities are emerging
thanks to the fast evolution of big data technologies and to the en-
ormous availability of data that firms can capture from many sources,
such as social media activities, Radio Frequency Identification (RFID)
tags, web information, mobile phone usage and consumer preferences
expressed on the web (Davenport, 2014).

In view of the increasing importance of big data, companies can
leverage on these data to exploit new opportunities and gain an in-
depth understanding of the hidden values. Companies in many in-
dustries are increasingly interested in their potentialities, since they can
generate high revenues. As stated by the International Data Corporation
(IDC, 2016) “Big data and business analytics worldwide revenues will
grow from nearly $122 B in 2015 to more than $187 B in 2019, an
increase of more than 50% over the five-year forecast period”.

Big data can be obtained from within and outside companies, in the
form of structured and unstructured data, and it can generates diffi-
culties for companies in capturing, aggregating, analysing and ex-
tracting value from them (Gandomi& Haider, 2015). As stated by
McAfee, Brynjolfsson, Davenport, Patil and Barton (2012) “businesses
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are collecting more data than they know what to do with”. However,
they need to develop new skills and a new management style to turn all
this information into a competitive advantage. In order to achieve this
goal, and considering the managerial complexity involved in dealing
with such an enormous quantity of data, as well as the difficulties that
companies may have in managing them, managers should not under-
estimate the positive and negative issues that need to be taken into
account in the exploitation of big data. For this reason, managers need
to be aware not only of its positive effects, but also of its negative ones
in order to avoid being unprepared when they decide to invest and to
derive value from big data. In this direction, there is scant empirical
evidence about the benefits and risks associated with the exploitation of
big data for business goals.

Till now, literature has provided very little empirical evidence on
these issues, and the key contribution of this paper is therefore to enrich
the studies that investigate the issues related to big data by empirically
studying, through a survey analysis on a sample of 200 companies, the
benefits and risks of big data at a company level. This topic is acquiring
importance in literature, since the benefits and risks need to be iden-
tified, managed and controlled if managers want to derive value from
their investments in big data technologies. This paper also provides
statistics about the type of big data sources used by companies, and the
big data technologies that are adopted. In order to achieve these aims,
the differences that emerge according to the size and to a company
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industrial sector have also been investigated.

Based on the increasing academic and managerial interest in big
data, this paper first explains what big data is, and then discusses the
main issues that need to be considered when managing big data. After
this discussion, the research methodology is presented, and this is fol-
lowed by the results of the study. Finally, the discussion and the con-
clusion sections are given. The paper concludes by highlighting the big
data technologies that are adopted the most frequently by companies,
the big data sources that are used the most by companies, and the
benefits and risks of big data technologies that are recognised the most
by companies, in an aggregated way, and by showing results according
to the company size and industrial sector.

2. What big data is

How organizations capture, create and use data is changing the way
these organizations work. Executives, academics and business analysts
need to be aware of this change, which will transform how organiza-
tions are managed, and will also alter the economies and societies in
which they operate. This revolution has introduced several changes in
companies. For example, they now have more data to use than ever
before. This data may be internal or external, structured or un-
structured. By using internal and external data, companies are begin-
ning to understand patterns of consumer activity that had once been
impossible to perceive or act upon. Companies are also using new
technological solutions to understand their own operations and beha-
viour at a much finer level of detail.

The term “big” began to be diffused in 2011 (Gandomi & Haider,
2015). Leading companies, such as IBM, have made huge investments
in building a powerful platform for big data analytics in order to deliver
new business insights with the goal, for example, of reducing storage
and maintenance costs. Gartner provided the following definition for
big data: “Big data is high-volume, high-velocity and high-variety in-
formation assets that demand cost-effective, innovative forms of in-
formation processing for enhanced insight and decision making”. In this
definition, volume refers to the generation and collection of a huge
amount of data where the data scale becomes increasingly high; velo-
city refers to the timeliness by which big data is produced, collected and
analysed; variety indicates the different types of data that can be pro-
duced in a structured and unstructured way as audios, videos, webpages
and texts. As mentioned by Davenport (2014), big data can be also
classified as machine-generated, which refers to data that is created by
a machine without human intervention, or as human-generated, which
refers to data that humans, in interaction with computers, supply. The
former refers to audio, music, image, speech and video data, to sensor
data, such as RFID tags used to track locations, to Intelligent Lighting
Control (ILC) sensors used to identify the location and conditions of
goods on the supply chain for example, and to smart meter, medical
device or Global Positioning System (GPS) data. The latter instead re-
fers to Twitter tweets, social media posts, clickstream data or web
contents.

The importance of big data is demonstrated by the fact that data are
produced extensively every day in many forms and from many different
sources. For example, more than 98,000 tweets are written every sixty
seconds, 695,000 status updates are posted on Facebook, 11 million
instant messages are written, 685,445 Google searches are lunched,
more than 169 million emails are sent, more than 1820 TB of data are
created, and there are 217 new mobile web users. Furthermore, as
shown by Google trends (2016), interest in big data has also increased
over time (Fig. 1).

3. Managing big data technologies in companies
Davenport (2014) highlighted the importance of big data technol-

ogies, such as Hadoop or Natural Languages Processes, to analyse a
huge amount of data for cost reduction purposes, to take faster and

188

International Journal of Information Management 38 (2018) 187-195

better decisions and to improve the products and services offered. For
example, Wal-Mart’s sematic analysis search engine, Polaris, a platform
that was in-house designed, relies on text analysis and machine learning
to produce relevant search results. Adding a semantic search has im-
proved the possibility of online shoppers completing a purchase in Wal-
Mart by 10% to 15%.

When new technological solutions are adopted by companies, as big
data technologies are, these companies can exploit the benefits, but
they also need to be aware of the existence of the possible risks they can
incur. On the one hand, investments in new technologies necessitate
changes over time in organizations, in order to reap the full benefits. In
fact, companies need to sustain a range of management activities in
order to ensure that they obtain benefits from a technological invest-
ment (Farbey, Land, & Targett, 1999). According to Gregor, Martin,
Fernandez, Stern, & Vitale (2006), the benefits associated with techno-
logical investments can be classified in four typologies: strategic, in-
formational, transactional and transformational. The strategic benefits
are those that can alter the way companies compete or the nature of
their products. The informational benefits are those that provide in-
formation and communication that can be used to improve decision
making in a company. The transactional benefits refer to investments
that support operational management and which are able to cut the
costs sustained by companies. Finally, transformational benefits refer to
the results of changes that a firm has to make to the structure and to the
capacity of implementing a technological investment.

Organizations, on the other hand, need to enhance their ability to
manage the risks associated with a new technological investment, if
they want to have successful implementations (Willcocks & Graeser,
2001). Managers feel the need to minimize the systemic risks that arise
from the use of Information Technology (IT). Accordingly, the assess-
ment of the risks that managers might incur is very important, and it
allows managers to identify any outcomes that could mine the
achievement of the expected benefits. For example, there may be risks
related to a security breach of information systems or risks related to
the costs of the breakdown of systems for the company
(Dhillon & Backhouse, 1996).

Considering all these reasons, the following sections show the re-
search methodology that has been used to investigate the specific
benefits and risks of big data technologies and their adoption in com-
panies.

4. Research methodology
4.1. Data collection

A questionnaire was distributed to medium and large-sized French
companies in order to evaluate the benefits and risks that these com-
panies have to face when adopting and implementing big data solu-
tions. In order to decide whether a company belonged to the medium or
large sized categories, we adopted the European definition that con-
siders the number of employees. A medium-sized firm is a company
with a number of employees of between 50 and 249, while a large
company has more than 249 employees.

As our study has been conducted at the firm level, we followed the
lines of previous studies (Ji-fan Ren, Fosso Wamba, Akter,
Dubey, & Childe, 2016) and targeted the Chief Information Officer
(CIO). We implemented a random sampling method to select 1,962
medium and large French companies to interview from a population of
19,875 companies registered in the Bureau Van Dijk database. The
questionnaire was divided into two sections. In the first section, ques-
tions were included about the big data sources used by the companies
and the big data technologies. In the second part, questions were asked
about the benefits and risks of the usage of big data.

First, a pilot study was conducted on a subsample of companies in
order to test the comprehensibility of the questions included in the
questionnaire, as well as to identify any possible criticalities and to
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Fig. 1. Big data interest over time (Google trends, 2016).

establish the expected response rate. All the responses were positive,
the questions appeared clear and the final questionnaire was therefore
left unchanged. The response rate of the pilot test was equal to 21.13%,
with 30 companies responding.

After the pilot test, another 170 companies took part and compiled
in the survey. The data gathering process involved three steps. In the
first step, the company was contacted in order to inform them about the
aim of the research study and to ask permission to contact of the Chief
Information Officer (CIO). In the second step, the CIO was contacted
and asked about his/her willingness to participate in the survey. When
the CIO was not available at the time agreed upon in the first call, a
second appointment was fixed. Therefore, the questionnaire was filled
in, either in the second or third step, according to the availability of the
CIO. When the CIO was definitely not willing to reply to the ques-
tionnaire, another person qualified about investments and the adoption
of big data analytics solutions was identified and was invited to fill in
the questionnaire. Overall, 200 questionnaires were filled in. The final
sample was composed of 86.5% medium sized companies, and 13.5%
large sized companies, thus assuring a 95% confidence level and a 6.9%
confidence interval (Table 1).

4.2. Measures

The usage of big data sources and technologies was operationalized
through dummy variables. The big data sources were operationalized
using 13 dummy variables (see Table 3), as by asking the company
about the availability and use of clickstream data, RFID system data
and/or smart meter data. Instead, eight dummies were included for the
usage of big data technologies, such as Hadoop and MapReduce (see
Table 3).

The taxonomy used to investigate the benefits and risks related to
big data was based on previous research (Gregor et al., 2006; Ji-fan Ren
et al, 2016; Love, Irani, Standing, Lin, & Burn, 2005; Wu & Wang,
2005), and readapted to the big data context. Table 2 shows all the

Table 1
Sample characteristics.

No. = 200 Percentage (%)
Role of the respondent
General Director 53 26.50%
Chief Executive Officer 8 4.00%
Chief Information Officer 127 63.50%
Other person qualified about big data analytics 12 6.00%
investments
Firm size according to the number of employees
Medium (50-249 employees) 173 86.50%
Large (more than 249 employees) 27 13.50%
Industrial sectors
Manufacturing 57 28.50%
Services 85 42.50%
Retail 41 20.50%
Construction 17 8.50%
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measurement items, which were based on a seven-point Likert scale,
with responses ranging from “completely disagree” (-3) to “completely
agree” (+3). Respondents were asked to evaluate the extent to which
the big data technology solutions adopted by their companies had led to
benefits (transactional, strategic, transformational or informational)
and risks.

4.3. Data analysis

A four-steps procedure was followed to present the results. First,
rankings were computed for each big data source and each big data
technology as well as for the overall number of big data sources used by
companies and for the overall number of the big data technologies
adopted by the companies. The ranking was also computed for the
benefits and risks that respondents had experienced in relation to big
data technologies. The ranking was based on an ordering of the vari-
ables according to their mean values. Second, the rankings were com-
puted according to the size of the company and the industrial sector the
companies belonged to in order to establish the existence of differences.
Third, the Kruskal-Wallis test was conducted for each big data source,
big data technology, benefit and risk in order to evaluate any significant
statistical differences, according to the size of the company and in-
dustrial sector, in the means of the variables considered in this study. A
Chi-square test was conducted, and information about the significance
level (p-value) was provided when the difference was statistically dif-
ferent by less than 5%. Fourth, when the difference in industrial sector
was significant, the Scheffé test was conducted, as a post hoc analysis,
in order to identify the couples of industrial sectors that had statistically
significant different values.

5. Findings
5.1. Big data sources and technologies adopted

Table 3 provides information about the usage of the big data sources
in an aggregated way and about the existence of any differences ac-
cording to the size of the company and to the industrial sector the
companies belong to. Taking into account that the 38% of the sample
adopted big data technologies to capture, process and analyse big data
sources, Table 3 shows the big data sources that are used by the com-
panies.

Considering all the companies in the sample, the source used most
frequently by the surveyed companies was the online portal content,
and this was followed by the Point Of Sales (POS) data and smart meter
data. Smart meters offer households and businesses the opportunity of
understanding and reducing the usage of energy throughout the dif-
ferent parts of a day in much greater detail than was previously pos-
sible, since, in the past, meter readings were taken once a quarter, or
even annually. The statistics also show that very few companies have
such data sources as weblog posts or microblog posts available that they
can analyse in order to extract information with the aim of obtaining
valuable insights. The data shown in Table 3 also shows that around the



E. Raguseo

Table 2
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D Item description Construct Reference

TAB1 Saving on supply chain management Transactional benefit Ji-fan Ren et al. (2016)
TAB2 Reducing operating costs Transactional benefit Ji-fan Ren et al. (2016)
TAB3 Reducing communication costs Transactional benefit Ji-fan Ren et al. (2016)
TAB4 Avoiding the need to increase the workforce Transactional benefit Ji-fan Ren et al. (2016)
TAB5 Increasing return on financial assets Transactional benefit Ji-fan Ren et al. (2016)
TAB6 Enhancing employee productivity Transactional benefit Ji-fan Ren et al. (2016)
SB1 Creating a competitive advantage Strategic benefit Ji-fan Ren et al. (2016)
SB2 Aligning IT with a business strategy Strategic benefit Ji-fan Ren et al. (2016)
SB3 Establishing useful links with other organizations Strategic benefit Ji-fan Ren et al. (2016)
SB4 Enabling a quicker response to change Strategic benefit Ji-fan Ren et al. (2016)
SB5 Improving customer relations Strategic benefit Ji-fan Ren et al. (2016)
SB6 Providing better products or services Strategic benefit Ji-fan Ren et al. (2016)
TFB1 Achieving an improved skill level for the employees Transformational benefit Ji-fan Ren et al. (2016)
TFB2 Developing new business opportunities Transformational benefit Ji-fan Ren et al. (2016)
TFB3 Expanding capabilities Transformational benefit Ji-fan Ren et al. (2016)
TFB4 Improving business models Transformational benefit Ji-fan Ren et al. (2016)
1B1 Enabling faster access to data Informational benefit Gregor et al. (2006)
1B2 Enabling easier access to data Informational benefit Gregor et al. (2006)
1B3 Improving management data Informational benefit Gregor et al. (2006)
1B4 Improving data accuracy Informational benefit Gregor et al. (2006)
IB5 Providing data in more useable formats Informational benefit Gregor et al. (2006)

R1 Reluctance of employees to adapt to changes Risk Love et al. (2005)

R2 Lack of Information System infrastructure support Risk Love et al. (2005)

R3 Technical uncertainty Risk Love et al. (2005)

R4 Minimal IT expertise Risk Love et al. (2005)

R5 Uncertainty about how to measure potential benefits Risk Love et al. (2005)

R6 Uncertainty about how to measure the involved costs Risk Love et al. (2005)

R7 Capital outlay with no guarantee of likely returns Risk Love et al. (2005)

R8 Security issues Risk Love et al. (2005)

R9 Reassignment of personnel trained on big data analytics solutions Risk Love et al. (2005)

R10 Privacy issues Risk Wu and Wang (2005)

20% of the companies have GPS data and social media posts about
customers’ preferences. The big data sources are extremely important
for marketing purposes, since they include customers’ posts on social
media that enable the companies to know their customers’ preferences
in real time considering their profile features and locations; this in-
formation enables the companies to know, for example, when a cus-
tomer has entered a store or a website. The data in Table 3 highlights
that the mean number of the big data sources used by companies is
equal to 3.250, and that this number is not statistically different when
considering the size of the companies or the industrial sector the
companies belong to.

Table 3 highlights that there are significant differences in the usage
of some big data sources according to the size and industrial sector of
the company. A significant difference has emerged in the usage of RFID
data (Chi-squared = 4.269, p-value < 5%) and GPS data (Chi-
squared = 7.082, p-value < 1%), according to the size of the com-
pany, both used more by large companies than medium sized compa-
nies. Moreover, there are statistically significant differences in the
usage of POS data and other transactional data sources (Chi-
squared = 10.472, p-value < 5%), according to the industrial sector.
In order the establish the couples related to these statistical significant
differences, a Scheffé test was conducted. The results show that com-
panies in the manufacturing sector and those in the service sector use
fewer POS data or other transactional data sources than companies in
the retail sector, as expected given the peculiarities of these sectors.

Table 4 provides information about the adoption of big data tech-
nologies in an aggregated way and shows the existence of any differ-
ences according to the size of the company and to the industrial sector
the companies belong to. Table 4 shows that the majority of companies
adopt visual analytics software or other software to display their ana-
lytical results in visual or graphic formats (40.79% of the companies).
These forms of software allow companies to turn large sets of data into
valuable insights in order to support operational processes and the
decision-making of managers. They also allow trends that necessitate
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scrutiny to be tracked in order to take the correct strategic decisions.
The second most frequently adopted technology for big data is related
to scripting languages (38.16% of the companies) and to in-memory
analytics software (30.26% of the companies). MapReduce and Hadoop
software were chosen by 27.63% of the companies, while machine
learning was chosen by 22.40%. The least frequently adopted tech-
nologies were Natural Language Processing (NLP) software, social
media analytics software and predictive analytics software. This could
be explained by the fact that the considered companies were less likely
to rely on social media data because they have probably not understood
the high value that social media content can provide, in terms of cus-
tomers’ needs and preferences. The data in Table 4 also shows that the
mean number of the big data technologies used by companies is equal
to 2.474, and that this number does not differ statistically according of
the size of the companies or the industrial sector the companies belong
to.

Table 4 highlights that there are significant differences in the
adoption of big data technologies according to the company’s size, but
not according to the company’s industrial sector. The results reveal that
there are only significant differences for the adoption of machine
learning software or other software used to rapidly find the model that
best fits a data set (Chi-squared = 6.183, p-value < 5%), and for the
adoption of visual analytics software or other software used for the
display of analytical results in visual or graphic formats (Chi-
squared = 3.899, p-value < 5%), thus indicating that the adoption
levels of these two technologies are higher for large companies than for
medium sized ones.

5.2. The benefits of big data

Various kinds of benefits can be attained from an IT investment. In
the case where firms do not achieve the desired goal, they need to re-
consider their investments and the way they leverage on them. Table 5
shows the types of benefits that companies can achieve by adopting big
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5.3. The risks of big data
4
2 g Risks are elements that should be considered when companies de-
o g £
8 2 é _ cide to invest in big data solutions. As shown in Table 6, even though
g 2 g £ big data can be of great value, companies have to take into account
o . . . . . .
g Sl EE privacy and security issues before using big data technologies. These
g T are the two risks most frequently recognized by the surveyed compa-
15} < P . . . . .
& Zlovo & wvo 1 o« 6 nies. This happens because different data sources can be found in dis-
5 = ]BBE I 288 & & & tributed places and they therefore determine security vulnerabilities.
Big data technologies enable data from multiple locations to be gath-
N N . .
slgwy 3 =gg © = & ered, processed and analysed, and challenges to be determined in terms
glgereg 2 292 9 9 9 of satisfying different regulations around the world in the countries
o | e where the big data originated from. In fact, similar data can be treated
% é in different ways, according to where they are generated or gathered.
S| 8l caw o oo~ <+ o o In terms of privacy risks, for example, in the case of medical data, it
o o o o is sometimes not clear who is the owner of the data, but using the data
(=] (= (=3 (=1 . . . .
§ § S § 3 % § § S 2 = without the right legal foundation or consent of the patient may cause
] ! S oo ! ! ! serious problems (Ernst & Young, 2014). The third most frequently re-
£ cognized risk is related to the lack of Information System structure
g ”é support. Instead, other risks, such as those related to the uncertainty
mlARlra®m ®© 31w o 0 about how to measure the potential benefits, the involved costs, and the
oA« - , . - -
clwon n e B S . reass?gnrnent of a company’s Personnel .tra.lned'on big data analytics
§| 388K & Bhiho o o X solutions have not been considered priority risks for the surveyed
§|=| -~ S JSol | | S .
2 companies.
I £ No particular differences emerged in the judgement of the risks
§| 5§ outlined in Table 6 by companies according to their size or industrial
o -4 — N %) <+ < © © ~ 0 . A . « . .
. o sector, with the only exception being that of “Capital outlay with no
T g . » . . .1 s
5| .| 5/28% 8 883 ¢ 2 % guarantee of hke.ly returns”, which was Ju(.lged riskier t?y companies in
g g |1 8S82 & 288 3T T O9 the manufacturing sector than those in the retail sector (Chi-
E| ¢ % squared = 10.404, p-value < 5%).
2| 5|2
3| &% I
Sl 2l Ed|l~am « <Two N ® o 6. Discussion
. o The benefits and the risks of big data technologies should not be
g § = underestimated by companies that decide to make investments in big
G; g g 288 = Feg N g « data technologies. The risks and benefits of the use of IT in organiza-
QEE|ISS82 & 298 @92 g ¢ tions have received a great deal of attention from academics and
~ o o practitioners, but there is still scant empirical evidence on the risks and
S 183385 8 89 i § § = benefits of big data technologies chosen by companies and on evalu-
S| Ssss S s3I [ [ ating whether differences exist according to the size and the industrial
& sector of the companies. Previous studies investigated two main aspects
% | 2 related to big data. First, they looked at the financial impacts of big data
I+ . . . .
SlE&|lroa o wrso N @ © in companies (Ji-fan Ren et al., 2016; Tambe, 2014). Second, prior
I 9 work was conducted to provide insight into big data challenges and
O Q o (=Tl [oo]
fﬂj =88 2 258 X S 2 opportunities in a qualitative and aggregated way (Chen,
=435 S o555 o | ! Chiang, & Storey, 2012; Gandomi & Haider, 2015), thus demonstrating
E| 2 that there is still a lack of empirical evidence on these issues.
2|2 S .
8|1 38| % o Considering this research gap, the present research offers an op-
Al =2l 2|l am v Tson © o = . .. . .
portunity to empirically understand more about the adoption of big
clvom o co¥ 1 § ° data technologies in companies, and about their benefits and risks. This
< N~ 10 © O O O <+ : : . . . . .
& glzre ¥ T2z 2 9 F% has been achieved by investigating whether any differences exist ac-
g | w . cording to the size and the industrial sector.
2|3 5 The results shed light on the adoption level of big data technologies
—_— i . . .
Tl El cam <+ <wmo ~ o o \; and demonstrate that the most diffused technologies are visual analy-
- 9 x tics technologies, scripting languages, and in-memory analytics soft-
[ .o
& E “ S ware. The big data sources that companies use the most are online
5 g 2 ga9% ER=S v portal contents, POS data and smart meter data. This result highlights
2.2 g ELSEd a . . . . .
Fge .pe £55E5-9E - that companies are still more likely to use big data that are proprietary
2] S o5 x . N
8 %—E £ £ Té“ '; % ; Zag *\o than to buy other data on customers from third parties, such as those
= =, =t @ 8 o P> . .
o g E f *gags 2222 ES % i that can be produced by the social media.
O =} 3} o = . . . .
22 < fg “g g 5 _5 g £ By g = v This research has also shed light on the most frequent benefits of big
g 525 E = z % §2E8E g E"% E | ¢ data technologies. These technologies, in terms of transactional bene-
© =) v o o r @ a 8 = = . soe
| 2 S g% E& = e § gg¢g gE= g fits, enable employee productivity to be enhanced to a greater extent,
X . el — £ . . . .
© :; = RASEOBErm SN ED BEm 53 qc“ better products and services to be provided as strategic benefits, com-
22| a E 29 5 Tz B o2 2 § pany’s capabilities to be expanded, in terms of transformational bene-
£ & = fits, and management data to be improved, in terms of informational
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benefits. These finding allow researchers and managers to be aware, at
the same time, of the most potential benefits that big data technologies
can offer their companies, and to act accordingly in order to maximize
the returns of their investments and extract high value from big data.

Technological advances in storage and computations have also de-
termined many risks for companies. Managers need to recognize that it
is not possible to associate only positive outcomes to big data, and that
they also need to handle the major risks they determine, such as se-
curity and privacy issues. In such a way, they will be ready to take part
in the big data revolution and take care of the risks of big data in-
vestments in order to minimize the risks associated with them.

Looking beyond this research, future studies could enrich the find-
ings of this paper by conducting case studies among companies that use
big data technologies in order to enter into the black box of the dy-
namics of their adoption. Future studies could also investigate the
trends of the adoption of big data technologies in other settings, in
order to establish whether there are differences among countries and,
where present, to identify the factors that determine them. Future re-
search could also look at the impacts of big data solutions on several
financial performances, such as the productivity of companies, by in-
tegrating balance sheet data with data gathered though surveys, in
order to verify the extent to which the adoption of big data technologies
has objectively impacted the financial performance of firms. In this
context, future research could look at this phenomenon from an ob-
jective perspective. In this direction, future research could add further
knowledge for company managers and could help them to avoid un-
derestimating any aspects that may be related to the benefits and risks
of investments related to big data solutions.

7. Conclusion

This research has identified the benefits and risks of big data tech-
nologies, and of the adoption of these technologies in firms. Given the
scant empirical evidence on these issues in literature, and also the lack
of evidence about the empirical investigation of the existence of dif-
ferences according to the size and industrial sector of companies, this
paper has added knowledge to the recent literature on big data. The
findings of this study could also be used by managers as an instrument
to help them understand the most important transactional, transfor-
mational, strategic and informational benefits and risks of big data
technologies. This could help them to avoid a common form of man-
agement behaviour, based on ignoring or ineffectively evaluating the
effect of big data investments on their operations and strategies. The
study has identified the following nine key findings:

e online portal content is the source of big data most frequently used
by companies;

e visual analytics software is the big data technology most frequently
adopted by organizations;

e an improvement in data management is the benefit that was ranked
highest by all the industrial sectors and for the two considered
company dimensions;

o considering the risks associated with the adoption of big data
technologies, organizations in different industrial sectors sig-
nificantly differ only for one risk;

® privacy is the most frequently mentioned risk associated with the
adoption of big data technologies;

e only investments on two big data sources were influenced by the
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organizational size of the companies, namely RFID system data and
GPS data, and only one big data source was considered to be in-
fluenced by the industrial sector of the examined companies,
namely, POS data or other transactional data sources;

e only investments in two big data technologies were influenced by
the organizational size of the companies, namely the adoption of
machine learning software, or other software, to rapidly find the
model that best fits a given data set, and the adoption of visual
analytics software, or other software, to display analytical results in
visual or graphic formats;

e organizations in different industrial sectors do not differ statistically
in the adoption of big data technologies;

o the benefits achieved by organizations, of different size and in dif-
ferent industrial sectors, from the adoption of big data technologies
do not differ statistically.
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