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Abstract

A quick review of the literature shows that there are as many definitions of the term ‘big data’ as there are individuals
using the term. This paper attempts to come to a fuller understanding of the term. Thirty-three definitions were collected
from the literature for analysis using the ‘theme-rheme’ concept. The collected definitions were broken down into basic
ideas and condensed into a final definition. The ‘theme-rheme’ formula suggested here was utilized from Halliday [1]
systemic functional linguistics (SFL) theory. This formula helps identify the theme or topic of the definition and the part in
which the theme was developed—the central ideas or defining features. Based on the analyses conducted, this paper defines
big data as a dataset(s) of high volume, variety, velocity, value, and complexity gathered from various real-world sources
through devices and virtual-world sources and analyzed through advanced and unconventional platforms and systems to
create value. This definition is expected to enhance the understanding of the term ‘big data’ among industries, theorists,
researchers, instructors, and students.
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1. Introduction

The term ‘big data’ (BD) was first coined by NASA scientists in 1997. The scientists used the term to describe
extremely large datasets to be stored in a single computer’s memory [2]. With time, it has become ubiquitous in industry
and academia [3]. A quick review of the literature on big data reveals that there are as many descriptions of the term as
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there are individuals using it. This paper aims to collect as many definitions of the term as possible from the literature and
then analyze them to develop a broader understanding of it. It is worth mentioning here that this paper is only concerned
with big data as a commodity, not a field of study. Big data as a commodity concerns everyone (scientists, researchers,
managers, media organizations, companies, governments, etc.), while as a field of study, it only concerns those teaching
and learning it.

In the coming pages, we will explain the theoretical concepts used to guide the analysis, followed by the research
methodology. Next, the findings will be displayed, analyzed, discussed, and conclusions drawn.

2. Framework for Analysis

Based on this study's inquiry type, the authors will use Halliday [1] theme-rheme concept, which was utilized from
Systemic Functional Linguistics (SFL). The theme-rheme concept assists in identifying the part of the definition where the
topic or theme is stated and the part where the key ideas are discursively represented (rheme). El-Astal [4] used Halliday’s
theme-rheme concept to analyze tens of definitions of the term ‘curriculum,’ trying to build a more comprehensive
understanding of the term. El-Astal used the term ‘trunk-branch’ to refer to Halliday [1] theme-rheme concept. The trunk-
branch term is understandable to everyone (in computer science, engineering, social sciences, etc.), but the term ‘theme-
rheme’ can only be comprehensible to those in applied linguistics and discourse studies. Besides using the theme-rheme
formula to analyze definitions, EI-Astal and EI-Youssef [5] used it in an inductive study to develop a definition for the term
‘digital communication’ From fragmented knowledge.

According to Eggins [6] language can be understood as a semiotic system consisting of three levels: lexico-grammar
(wordings), semantics (meanings), and phonology/graphology (sounds/letters). In SFL, language is understood to have
three meta-functional meanings: ideational (concerned with conveying ideas and representing the world), interpersonal
(related to social interaction and expressing relationships), and textual (related to the organization and coherence of texts).
In the context of this study, the focus is on the textual meanings, which are realized through the wordings used in
definitions. Eggins identifies two functional components within clauses and sentences: theme and rheme. Halliday and
Matthiessen [7] define the theme as the part of the sentence that works as the starting point of the message, indicating what
the sentence is about, and Eggins [6] defines the rheme as the part of the sentence where the theme is developed further.

It is essential to mention that this study does not intend to conduct extensive and in-depth analyses based on Systemic
Functional Linguistics. Its sole purpose is to investigate the textual meanings present in the texts (definitions) by examining
the theme and rheme of the sentences within those texts. In other words, identifying the clause's theme will assist in
categorizing and organizing the definitions according to themes or topics, while identifying the rheme will facilitate the
exploration of the fundamental ideas, or the ‘defining features,” as Clarke and Erickson [8] put it, developed in the portion
of the clause where the theme is expanded upon. Together, the theme and rheme contribute to the overall textual meaning
of the analyzed definitions.

3. Methodology

This is a theoretical empirical study. It is theoretical as it addresses ontological questions like what big data is and what
makes big data, big data. It is empirical, for which tens of definitions of big data were collected from the literature for
analysis. All the collected definitions enable theme-rheme analysis as they consist of both or the rheme at least. EI-Astal [4]
likened the theme to the tree trunk and the rheme to its branches. This theme-rheme or trunk-branch framework, suggested
for analyzing definitions, can also be applied when describing concepts and writing definitions.

As previously mentioned, the analysis of the definitions’ themes assists in categorizing the collected definitions into
specific themes or topics, whereas the analysis of the rhemes helps identify the fundamental ideas within each definition.
To elaborate further, the part of the definition that works as the starting point solely represents the theme or topic, and the
subsequent part of the definition, where the theme is developed, contains the definitions’ main ideas, such as big data
characteristics, sources, analysis software, and value. For example, the underlined part of the definition in which Boyd and
Crawford [9] described big data as a ‘cultural, technological, and scholarly phenomenon’ is the theme (topic), and the rest
of the definition (see Table 1, item 5) is the rheme where the authors developed the topic referring to the elements on which
big data rests. It should be noted that not all definitions found in the literature were analyzed. Definitions that define big
data as a field of study were excluded as this study is limited to definitions that see big data as a commodity, and also,
many definitions were found repetitive, containing the three Vs only (volume, variety, and velocity). Moreover, we
excluded the definitions that cannot be clearly cited.

3.1. The Study Strategy

The study's strategy involved five stages: (a) the authors collected as many definitions as possible from the literature
on big data, (b) they divided the definitions into themes and rhemes, (c) they further divided the rhemes (the central part of
a definition) into their fundamental ideas, (d) they identified patterns among the fundamental ideas, and finally (e) they
condensed the identified patterns into a final working definition.

Finally, the authors' varied backgrounds equipped them with the interdisciplinary knowledge required to carry out this
research: the corresponding author has expertise in discourse analysis, public relations, and mass communication; the
second author has expertise in computer science; and the third author has expertise in accounting.
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dings and Discussion
this part of the study, the thirty-three definitions collected from the literature will be displayed, analyzed, and

discussed. The definitions collected were chronologically displayed in Table 1. As previously mentioned, the theme-rheme
analysis would orient analysis. The theme and rheme will be discussed separately in the coming pages.

Table 1.
Definitions Published between 2009 and 2020 in a Chronological Order.

# Definition

1. | Data whose size forces us to look beyond the tried-and- true methods that are prevalent at that time [10].

2. | Enormous amounts of unstructured_data produced by high-performance applications falling in a wide and
heterogeneous family of application scenarios [11].

3. | Big data technologies describe a new generation of technologies and architectures, designed to economically extract
value from very large volumes of a wide variety of data, by enabling high-velocity capture, discovery, and/or
analysis [12].

4. | Datasets whose size is beyond the ability of typical database software tools to capture, store, manage, and analyze
[13].

5 Cultural, technological, and scholarly_phenomenon that rests on the interplay of technology, analysis, and
mythology that provokes extensive utopian and dystopian rhetoric [9].

6. | The data sets and analytical techniques in applications that are so large and complex that they require advanced and
unigue data storage, management, analysis, and visualization technologies [14].

7. | A big_dataset will probably be so large as to not fit on a single hard drive; as a result, it will be stored on several
different disks and will be processed on a number of cores [15].

8. | Data that’s too big, too fast, or too hard for existing tools to process [16].

9. | Datasets too large to fit in an Excel spreadsheet or be stored on a single machine [17].

10. | A term that describes large volumes of high velocity, complex and variable data that require advanced techniques
and technologies to enable the capture, storage, distribution, management, and analysis of the information [18].

11. | Any kind of data source that has at least three shared characteristics: extremely large volumes of data, extremely
high velocity of data, and extremely wide variety of data [19].

12. | Collection of data from traditional and digital sources that represents a source for ongoing discovery and analysis.”
“In defining big data, it's also important to understand the mix of unstructured and multi-structured data that
comprises the volume of information [20].

13. | Big data isn’t just volume, variety, and velocity, though; it’s volume, variety, and velocity at scale [21].

14. | Datasets that are too large for traditional data-processing systems and that therefore require new technologies [22].

15. | Big data can mean big volume, big velocity, or big variety [23].

16. | Big data is a term describing the storage and analysis of large and or complex_data sets using a series of techniques
including, but not limited to: NoSQL, MapReduce and machine learning [24].

17. | Information assets characterized by such a high volume, velocity and variety to require specific technology and
analytical methods for its transformation into value [3].

18. | Set of techniques and technologies that require new forms of integration to uncover large hidden values from large
datasets that are diverse, complex, and of a massive scale [25].

19. | Information assets characterized by high volume, velocity, variety, variability with veracity subjected to specific
technology and analytical methods for deriving value with virtue [26].

20. | The_set of methods and knowledge that are required for the most-recent forms of amalgamation to expose the huge,
secreted values from the big datasets which are varied, intricate, and of enormous scale [27].

21. | Large amounts of digital information that companies and governments collect about people and their surrounding
environments [28].

22. | Large, diverse, complex, longitudinal, and distributed data sets generated from instruments, sensors, Internet
transactions, e-mail, video, click streams, and other digital sources available today and in the future [29].

23. | Massive datasets that are generated through a variety of resources including environmental, sensors, smart devices,
electronic medical records, imaging, laboratory studies, and administrative data [30].

24. | A data environment in which scalable architectures support the requirements of analytical and other applications
which process, with high velocity, high volume data which may have a variety of data formats and which may
include high velocity data acquisition [31].

25. | Big data possess a suite of key traits: volume, velocity and variety (the 3Vs), but also exhaustivity, resolution,
indexicality, relationality, extensionality and scalability [32].

26. | The fact that we can now collect and analyze data in ways that was simply impossible even a few years ago [33].

27. | Large collection of multifaceted_data sets, which can also be described as being high volume, variety and velocity,
making difficult to move and process instantly with the traditional database management systems [34].
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# Definition
_28. | Large growing data sets that include heterogeneous formats: structured, unstructured and semi-structured data [35].
29. | Extensive_datasets, primarily in the characteristics of volume, velocity and/or variety that require a scalable
architecture for efficient storage, manipulation, and analysis [36].
30. | Big data is always digital, has a large sample size, and a large volume or variety or velocity of variables that require
additional computing power. It can include quantitative, qualitative, observational or interventional data from a
wide range of sources (e.g. government, commercial, cohorts) that have been collected for research or other
purposes and may include one or several datasets. Specialist skills in computer programming, database
management and data science analytics are usually required to analyze big data [37].
31. | It can be concluded that “if data cannot be stored or processed by a common system’s capabilities or exceed a
common system’s capabilities then these data are considered BD” [38].
32. | Big data is high-volume, high-velocity and/or high-variety information assets that demand cost-effective,
innovative forms of information processing that enable enhanced insight, decision making, and process automation
[39].
33. | A term for massive_data sets having large, more varied and complex structure with the difficulties of storing,
analyzing and visualizing for further processes or results [40].

4.1. Theme Analysis

A quick look at the starting points (the underlined parts) of the definitions above (Table 1) reveals that big data was
described as follows: (a) ‘dataset(s)’ in twelve (36.36%) items (items 4, 6, 7, 9, 14, 16, 22, 23, 27, 28, 29, and 33); (b)
‘data’ in seven (21.21%) items (items 1, 2, 8, 10, 26, and 31); (c¢) ‘information assets’ in three (9.09%) items (items 17, 19,
and 32); and finally (d) as ‘technologies and architectures,” ‘phenomenon,” ‘data source,” ‘set of techniques and
technologies,” ‘set of methods and knowledge,” ‘digital information,” ‘data environment,” and a ‘suite of traits’ in one
(3.03%) definition only. There was no clear theme in three (9.09%) definitions (items 13, 15, and 30). To conclude, the
most frequent theme used to describe big data was ‘dataset(s),” followed by ‘data,” and ‘information assets,” respectively.

4.2. Rheme Analysis

Analyzing the rhemes of the definitions above (the non-underlined parts) assists us in identifying the defining features
embedded within each definition. In the following pages, the defining features found in the rhemes of the definitions will
be analyzed and discussed.

4.2.1. BD Characteristics

What characterizes big data is an ontological question. The above definitions (Table 1) and the literature show several
characteristics—up to sixteen in some publications. Moorthy, et al. [26] portrayed these characteristics as extensions of Vs
(referring to volume, variety, velocity, etc.). For O'Leary, IBM’s definition of big data suggests that big data could be
characterized by all or any of the three Vs (volume, variety, and velocity) [21]. Although big data is not denoted by
volume, volume is the central [41] and most prevailing [42] characteristic. This is what the term ‘big data’ itself suggests.
The following were the traits found in the definitions examined here:

4.2.1.1. Volume

Volume is the characteristic of big data that refers to the magnitude [43] or larger amounts of data produced from
various sources [21]. Scrutinizing the rhemes of the definitions listed above (Table 1) reveals that the phrase ‘high volume’
and synonymous words and phrases, such as enormous amounts, massive, extensive, big, too big, large, too large, so large,
size beyond the ability, and [size that] exceeds a common system’s capabilities, were found in almost all the definitions,
except items 1, 5, and 26. None of these definitions explicitly or implicitly mention how big data is measured, whether in
gigabytes, terabytes, petabytes, etc. This is also not clear and agreed upon in the literature. For instance, Manyika, et al.
[13]; Madden [16]; Schroeck, et al. [44]; Ularu, et al. [45]; O'Leary [21]; Sagiroglu and Sinanc [46]; Ward and Barker [24];
Kitchin and McArdle [32]; Rani [41]; Sivarajah, et al. [47] and Al-Mekhlal and Khwaja [48] claim that big data volumes
are reported in terabytes at least; while Gandomi and Haider [43] and Emmanuel and Stanier [31] argue that big data
volumes are relative to time and type (structured, unstructured, semi-structured). That’s to say, what is deemed to be big
data today may not be tomorrow as the storage capacities increase. Interestingly, Kitchin and McArdle [32] views [17]
description of big data as a dataset that cannot be stored on a single machine as a trite perception.

4.2.1.2. Variety

Variety refers to data type or structural heterogeneity [43]. Big data can be structured (tabular), semi-structured (e.g.,
XML documents), or unstructured (like videos, texts, images, etc.). Structured data does not exceed 5% of the existing data
[49] and unstructured data ranges between 80 and 90% [2]. A careful examination of the rhemes of the definitions above
shows that the word ‘variety’ and synonymous words like variable, varied, heterogenous, diverse, structured, unstructured,
and semi-structured were found in twenty (60.60%) of the definitions (items 2, 3, 10, 11, 12, 13, 15, 17, 18, 19, 22, 23, 24,
25, 27, 28, 29, 30, 32, and 33.

4.2.1.3. Velocity
For Gandomi and Haider [43] velocity refers to the speed at which data is produced and the rate at which that data
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needs to be analyzed and acted upon. A careful consideration of the rhemes of the thirty-three definitions above tells that
the word ‘velocity’ and synonymous words like fast appeared in fourteen (42.42%) of the definitions (items 3, 8, 10, 11, 13,
15, 17, 19, 24, 25, 27, 29, 30, and 32.

4.2.1.4. Value

Value refers to the countless insights extracted from big data [32]. A careful review of the thirty-three definitions'
rhemes indicates that the word ‘value’ and synonymous words like insight appeared in six (18.18%) of the definitions
(items 3, 17, 18, 19, 20, and 32.

4.2.1.5. Complexity

For Gandomi and Haider [43] complexity refers to big data being produced from many sources. Carefully considering
the rhemes of the thirty-three definitions above reveals that the word ‘complex’ and synonymous words like intricate
appeared in seven (21.21%) of the definitions (items 6, 10, 16, 18, 20, 22, and 33).

4.2.1.6. Other Traits

Other traits include characteristics other than volume, variety, velocity, value, and complexity—the prevailing traits
found in the definitions above. In addition to these five characteristics, Al-Mekhlal and Khwaja [48] found the following
eleven characteristics of big data in the literature: variability, veracity, vocabulary, vagueness, venue, exhaustive, fine-
grained, visualization, vulnerability, validity, and volatility. Out of these eleven characteristics, three were found in the
definitions as follows: (a) veracity and variability, each appeared once in item 19, and (b) exhaustivity, which appeared
once in item 25. In addition, five traits (other than all the traits discussed in this paragraph) were found in item 25. These
characteristics were resolution, indexicality, relationality, extensionality, and scalability.

Considering all this, the five characteristics found prevailing in the thirty-three definitions analyzed here were volume,
variety, velocity, value, and complexity (4 Vs and a C). Volume stood first (30 patterns found), variety came second (20
patterns found), velocity was third (14 patterns found), complexity came fourth (7 patterns found), and value stood fifth (6
patterns found).

4.2.2. BD Sources

A source refers to where big data originates and comes from. This is another ontological question. A cursory look at
the rhemes of the thirty-three definitions listed in Table 1 shows that only five (15.15%) definitions referred explicitly or
implicitly to the sources from which big data is gathered (items 12, 21, 22, 23, and 30). All these definitions mentioned that
the sources are digital, except one (item 12), which indicated that big data comes from traditional and digital sources. Two
(items 22 and 23) of the five definitions explicitly referred to digital sources such as sensors (embedded in all types of
objects), Internet transactions, e-mails, videos, click streams, smart devices, images, and electronic medical records. The
other definitions refer to the entities that usually produce big data, such as companies and governments. In addition to the
digital sources referred to in the definitions analyzed, the literature documents other sources such as blogs [24], Websites
[32] digital logs, social networks [35] and Internet of Things [48]—known as 10T and refers to devices embedded in all
types of physical objects and connected to the Internet.

4.2.3. BD Management

Kaufmann [50] defines big data management (BDM) as the “process of controlling the flows of large-volume, high-
velocity, heterogeneous, and/or uncertain data to create value (p. 6).” The management process involves data collection,
storage, and analysis. A quick review of the rhemes of the definitions collected for analysis here reveals that sixteen
(48.48%) definitions referred to managing data or words that are more or less synonymous such as storing and analyzing,
processing, handling, and deriving value (items 4, 6, 7, 8, 10, 14, 16, 17, 19, 24, 26, 27, 29, 30, 31, and 32). One of the
definitions (item 16) referred to NoSQL, MapReduce, and machine learning as examples of the tools and techniques used
to store and analyze big data. Zheng, et al. [51] indicated that the most common platforms and systems used to analyze big
data are Hadoop, Spark, Apache Storm, Lambda architecture, and NoSQL databases.

4.2.4. What Is BDM For?

This is the last central idea found in the rhemes of the definitions analyzed. It refers to the values created from
collecting, storing, and analyzing big data. Such values reflect the benefits and purposes of managing data. For
governments, businesses, organizations, etc., such values include but are not limited to identifying growth opportunities,
building partnerships, expanding their presence in the market, growing revenue, enhancing competitive advantage,
managing relationships, and many more. A careful reflection on the rhemes of the definitions above shows that the values
behind managing big data were explicitly or implicitly mentioned in eight (24.24%) of the definitions (items 3, 17, 18, 19,
20, 30, 32, and 33). These items (Table 1) referred to value as follows: (a) ‘[data] technologies and architectures [are]
designed to economically extract value (item 3),” (b) ‘specific technology and analytical methods [are required] for its
[data] transformation into value (item 17),” (¢) ‘to uncover large hidden values from large datasets (item 18),” (d) specific
technology and analytical methods [are required] for deriving value with virtue (item 19),” (e) ‘to expose the huge, secreted
values from the big datasets (item 20),” (f) ‘[data] have been collected for research and other purposes (item 30),” (g)
‘[data] processing that enables enhanced insight, decision making, and process automation (item 32),” and (h) ‘storing,
analyzing and visualizing [data] for further processes or results (item 33).’
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The four central ideas (BD characteristics, sources, management platforms, and values) found in the rhemes of the
analyzed definitions address the ontological questions about the nature of big data and what makes it big data. As
mentioned above, five prevailing traits of BD (i.e., volume, variety, velocity, value, and complexity) were found in the
definitions, although the literature documented many more. Interestingly, most debates in the literature were on these five,
particularly on volume and variety. However, this study and all previous studies that tried to define big data Ward and
Barker [24]; De Mauro, et al. [3]; Gandomi and Haider [43]; Emmanuel and Stanier [31]; Al-Mekhlal and Khwaja [48]
and Yaseen and Obaid [40] could not provide clear, precise answers to questions about whether big data is measured in
gigabytes, terabytes, or petabytes; whether the data produced from a single source (not complex enough) is considered big
data; and whether unstructured data alone (not varied enough) is seen as big data. Put differently, is a digital dataset whose
volume is less than a terabyte, not complex enough, and not varied enough considered big data? This dataset is not
traditional as it cannot be managed using traditional platforms and systems, and if it is not big data, what is it? The term
‘quasi-big data’ fits here.

5. Summary

The findings obtained from the analyses of the definitions (Table 1), employing the theme-rheme analysis, can be
summarized as follows:

(1) What is BD? It was seen as a dataset(s), data, information assets, technologies and architectures, phenomenon,
data source, set of techniques and technologies, set of methods and knowledge, digital information, data environment, and a
suite of traits;

(2) What does it look like? It was characterized as high in volume, variety, velocity, value, and complexity;

(3) Where does it come from? It is gathered from a range of real-world sources through devices (sensors and
actuators) and virtual-world sources such as governments and organizations’ repositories, websites, social networks, etc.;

(4) How is it managed? It is managed through advanced and unconventional platforms and systems such as Hadoop,
Spark, NoSQL databases, etc.; and

(5) What is it managed for? Big data is collected, stored, and analyzed to create values that include, but are not limited
to, managing relationships, growing revenues, and proper decision-making.

All these central ideas can be condensed into a working definition of big data as follows: Big data refers to datasets of
high volume, variety, velocity, value, and complexity gathered from a range of real-world sources through devices (sensors
and actuators) and virtual-world sources (e.g., governments and organizations’ repositories, websites, social networks, etc.);
and analyzed through advanced and unconventional platforms and systems (e.g., Hadoop, Spark, Apache Storm, etc.) to
create value.

This working definition is expected to deepen the understanding of the term ‘big data’ among industries, theorists,
researchers, instructors, and students. However, it would be more insightful if the definition developed here were discussed
in a Delphi study with experts in the field. A Delphi study will help us reach a consensus on the ontological questions
raised at the end of the previous section above.
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