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Abstract: Similar to information and knowledge, data and especially big data are now known as one of the most vital elements in the 21st
century since they provide multiple capabilities to individuals and organizations. However, in comparison to some theories about information
and knowledge, there are no significant attempts in most scientific disciplines for building theories about data. This paper first reviews the
different definitions provided about the concept of data in the works of scholars. It then identifies and explores the philosophical aspects as
well as the multiple capabilities/features that can be derived from data. Finally, a starter list of some basic/general theories is developed based
on the capabilities and features of data. Such new theories can be used as meta-theories to extend data theories for various scientific disciplines.
The important notion supporting the development of theories about data is that, if data is so important and if data science is to continue
flourishing in a variety of specialized fields and trends, then we need to build relevant theories about data for research and practical purposes
in a multi-disciplinary context.
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1.0 Introduction

Data, information and knowledge are three important asso-
ciated concepts for the understanding and development of
modern sciences. Among the three concepts, data has re-
cently gained more attention by scholars since it provides
fundamental, scientific evidence about the environment,
living systems and processes. Studying data helps us achieve
adeeper understanding of ecosystems, entities' and the rela-
tionships between and/or among them. Such an under-
standing can lead us to the further flourishing of data sci-
ence (see Gil 2013 for a short history and timeline; Van der
Aalst 2016; Donoho 2017; Cao 2017), as well as the devel-
opment of new educational and research trends in many sci-
entific disciplines.

The present paper seeks to argue that understanding the
ecosystems in the real world, their structure and their con-
stituent elements, as well as the events,” requires an under-

standing of both theoretical applied aspects of the data. The
term data is now used frequently in many fields including
Library and Information Science (Hjerland 2018, 685) and
Computer Sciences. Development of the theoretical foun-
dations of modern sciences such as computer science, data
science, neuroscience, and other related sciences is, to a great
extent, dependent on the understanding of the real value of
data and formulation of relevant theories about it.

2.0 The value of data for humans and organizations

It is only in the last few decades that human beings have re-
alized the value of data as a crucial element which has exten-
sive capabilities for individual, social, or organizational life
(Mons et al. 2011; Vertesi and Douris 2011; Labrinidis and
Jagadish 2012; Carnahan 2014; Pouchard et al. 2015; May-
cotte 2015; Hakeem ;2016 Vandeventer 2016).
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Similar to information and knowledge, data and espe-
cially big data is now known as one of the most vital ele-
ments in the 21st century since it provides multiple capabil-
ities to individuals and organizations. There are considera-
ble references in the literature emphasizing the value of data.
For example, Undavia, Patel and Shah (2012) believe that
data is the most vital part of any business or organization;
Shahzad, Rehman and Qamar (2017), Shweta and Murali-
dhara (2018) and Dessaei et. al. (2019) consider data as the
most vital element that must be treated as an asset.

On the other hand, and from the neuroscience perspec-
tive, findings have shown us how data is captured and
stored by the nervous system and becomes the main element
for living systems to function .Similar to other animals, hu-
man beings are always in interaction with the environment
(i.e., ecosystems covering entities, relationships and evi-
dences). They perceive entities, phenomena and evidences
through their five senses and process the signals they cap-
ture through their nervous system. This is done by receiving
signals from entities and phenomena presented in the out-
side world through receptors of the five sensory organs in
the form of electromagnetic waves (sight), sound waves
(hearing), airborne particles (smell), chemical molecules
(taste), and/or mechanical and thermal changes (touch).
Such processes occur in the nervous system based on the
data representation of entities and phenomena. In other
words, to understand, process, store, and recall what is cap-
tured through the nervous system, sensory receptors con-
vert each of these variables into electrochemical messages
for coding and further processing (Baars and Gage 2013;
Atkinson, Atkinson, Smith, Bem and Nolen-Hoeksema
2000). This is a basic requirement for forming information
in the mind. The most important data processing centres in
the brain are the synapses. Capabilities such as memory and
learning appear to be based on the characteristics of synap-
ses and the relationship between nerve cells in human be-
ings (Baars and Gage 2013).

The result of such processes is a complex set of reactions
to stimuli. Sensory and mental experiences are stored in the
form of data in different parts of the nervous system (Baars
and Gage 2013) to be used later in various processes during
life and interaction with the environment. In this context
data is the basic element for mentally processing of the rep-
resentation of the real world and, when needed, turn that
into information and knowledge. In any mental process,
signals can potentially be captured as data, information, or
knowledge. Data, information, or knowledge, as will be dis-
cussed later, is the name given to what shapes our different
mental states at the moment of interaction with or observa-
tion of entities and events. These observations are either
facts recorded, things observed, etc. and once internalized
or processed by a human being they can be used for under-
standing and decision making.

To better understand the context for discussing the con-
cept of data, first we need to deal with the philosophy of
data.

3.0 Philosophy of data

There is little reference in the existing literature to the phi-
losophy of data because of the limited theoretical inquiries
and discussions published so far. The whats and whys of this
crucial element is still not much known and has not been
well established scientifically. In the last few decades when
the concept of data has come to the scientific field, little at-
tempt has been made to philosophically explain the term be-
yond its classical meaning. It is logical that, if the value and
significance of an element, concept, or phenomenon in the
universe and in human life is constantly growing, then we
must delve into its whats and whys (i.e., its philosophy). Em-
phasizing the need for a philosophy of data, Furner (2017,
SS) states that:

Philosophy of data should not be dismissed as a clus-
ter of scholastic puzzles whose solutions are of limited
practical value. On the contrary, philosophy of data
should be recognized as constituting the core of a field
of data studies that is informed by, but far from equiv-
alent to, statistics, computer science, and library and
information studies.

He points out that the philosophy of data should be the core
of studies in mathematics, computer science, librarianship,
and information science. Furner (2017) cites two articles by
Ballsun-Stanton and Bunker (2009) and Leonelli (2016),
which are among the few philosophical writings on data.
Furner (2017) also reports Franks (1966) as probably the
first to talk about the philosophy of data. He points to the
fact that Franks used the label “philosophy of data” to refer
to what we might nowadays call a “data model”. As Furner
(55) believes, Franks certainly was not talking about “a field
of inquiry, like philosophy of science or philosophy of lan-
guage”.

To philosophically justify the value of data, first it is im-
portant to re-emphasize that, data are the core elements of
life in the real world. Today, much of the activities of many
individuals and organizations are substantially based on the
capturing, production, distribution, processing, and con-
sumption of data. In other words, activities such as the pro-
duction, distribution, and consumption of data are among
the important indicators of dynamic and advanced socie-
ties. Floridi (2008, 236) emphasizes that “the more societies
move towards data-driven societies, the more concerned
and careful they need to become about their very founda-
tion.”
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According to Ballsun-Stanton and Bunker (2009, 123),
the existential philosophy of data can be explained through
three distinct aspects:

1. the first aspect is the “technological understand-
ing” of data as bits; that is, the data element is en-
coded with digital information;

2. the second aspect is the “scientific understanding”
of data as hard numbers, which is itself the result
of objective and reproducible measurements;

3. the third aspect emphasizes the understanding of
data engineering as the elements of observation,
that is, it is the result of subjective perceptions
(123).

Furner (2017) is one of the few scholars addressing this is-
sue. He points to the historical roots of the use of the term
“philosophy of data”. He (57) outlines the philosophy of

data in three overlapping branches or fields:

1. The ontology (or metaphysics) of data: What, pre-
cisely, are data? Of what kind (or genus) of thing
are they? Under what conditions can something
count as a datum? What properties must some-
thing have if it is to be, or perhaps to play the role
of, a datum? While it may seem arcane, ontology
of data is potentially of great practical use.

2. Epistemology of data: What kinds of knowledge
can we have about data (or about the concept
data)? In what ways may we acquire or produce
that knowledge? Epistemological questions and
answers are useful to the extent that an under-
standing of the practices by which we try to find
out about certain phenomena (in this case, the
phenomenon of data) allows us to evaluate those
practices and potentially develop new, better ones.

3. Ethics and politics of data: What kinds of value do
we, could we, and should we place in data and data
practices of various kinds? Awareness of the possi-
bilities in these respects allows us to evaluate the
phenomenon of data in ways that best support our
policymaking goals. What are the social impacts of
the collection, manipulation, and distribution,
etc., of data?

Besides a few papers explaining the philosophy of data, some
authors have also attempted to clarify the philosophy of big
data. Swan (2015) believes that philosophy of big data is
evolving into a discipline at two levels, i.e., internal and ex-
ternal. It is not only “a generalized articulation of the con-
cepts, theory, and systems that comprise the overall conduct
of big data science” but also as “a consideration of the im-
pact of big data science more broadly on individuals, soci-

ety, and the world”. Sun and Strang (2018) propose the gen-
eral philosophical principles as well as the computational,
cognitive, social and economic philosophy of big data.
Horne (2018) talks about big data from a complexity stand-
point especially in the context of artificial brains and minds.
Choenni, Netten, Bargh and Choenni, (2018, 71) argue the
philosophical view of big data and discuss the “fundamental
objections on the straightforward use of Big Data out-
comes”.

In sum, understanding the philosophical aspects of data
largely depends on the understanding of the definitions
that have been presented from different perspectives. There-
fore, we need to review various definitions of the concept of
data.

4,0 An overview of data definitions: similarities and
ambiguities

Philosophical, historical, and comparative analysis of the
concept of data illustrates its various aspects from different
perspectives leading to different definitions. As Capurro
and Hjerland (2003) emphasize, defining terms and con-
cepts in information science is a fundamental issue. An
overview of the different definitions of data in the literature
indicates that there is still no consensus in this regard. Even
the word data has different meanings for different people
and is in a state of confusion. Carrying out a critical Delphi
study, Zins (2007) reviewed this variety of definitions and
pointed out that the overview of such definitions suggests
different approaches to the concept of data. Similarly,
Borgman, Wallis and Enyedy (2007) and Borgman (2010)
point to the differences in the interpretation of data by sci-
entists and their partners in computer science and engineer-
ing. Furner (2016, 287) believes that: “Oddly, perhaps, for
such a basic term, ‘data’ has not been as frequently subject
to probing analysis in the scholarly literature as ‘infor-
mation’.”

Various attempts have so far been made by different au-
thors to define data. Some definitions have indirectly given
data a reflection of the facts in the mind (Dewey 2019), the
most important of which is the dependence on our under-
standing that can be logically different or even incomplete
and false. The same difference in perceptions and mindsets
perceive data primarily as an abstract concept, meaning that
we, the human beings, assign meaning to data based on our
mental schemas and the context in which we are thinking.
Once these meanings are understood and recorded in our
minds to create a connection, then the data becomes objec-
tive and a reality understandable by others (we call this a
‘“fact’). William (2014) believes that data is volatile. In other
words, events (for example, climate change, storms, etc.) al-
ways occur and produce signals, but they cannot be rec-
orded and stored by themselves; they require human beings
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or machines’ intervention to capture, store, and process.
‘When data can be measured, processed, and exchanged, it is
received and stored in the form of intelligible facts by hu-
man beings or machines. As an example, we receive heat in-
tensity through a sense of touch (skin), send it to our nerv-
ous system and perceive it in our mind, but at the same time
we have a device called a thermometer that shows the degree
of heat with a number (we call this ‘data’).

The Oxford English Dictionary provides the following
definition of data from two perspectives:

The quantities, characters, or symbols on which op-
erations are performed by a computer, which may be
stored and transmitted in the form of electrical signals
and recorded on magnetic, optical, or mechanical re-
cording media... Things known or assumed as facts,
making the basis of reasoning or calculation.

As mentioned earlier, the diverse set of definitions of what
data looks like are related to different people’s perspectives
or to different contexts. Some authors refer to data as sen-
sory stimuli (Zins 2007 quoting from Shifra Baruchson—
Arbib in his Delphi study), or as symbols and raw materials
(Abiteboul 1997; Torra 2003; Berlinger et al. 2004; Ackoft
1989); others see it as a set of facts (William 2014), and some
scholars even consider data as a replacement for concepts,
meanings, or representations of entities (Choo 1996). Row-
ley (2007, quoted in Hjerland 2018, 686) considers data as
“discrete, objective facts or observations”. Hjerland (2018)
has comprehensively and critically reviewed the many defi-
nitions of data provided by different scholars. He (685)
states that “epistemologically it is important to establish that
what is considered data by somebody need not be data for
somebody else.” He also criticizes the different definitions
set forward by different authors and suggests that a new def-
inition is needed with epistemological understanding. For
example, he questions the definition provided by Furner
(2017, 66; quoted in Hjerland 2018, 690):

“data are concrete instantiations of symbolic repre-
sentations of descriptive propositions, informed by
empirical observation, about the quantitative and
qualitative properties of real-world phenomena”. Un-
doubtedly, this definition covers most of what should
be termed ‘data’. But need data to be observational?
Could they not be mathematical or theoretical? And
need they be about real-world phenomena?

Re-emphasizing the need for a new definition, Hjerland
(2018, 690) points to the definition of data in the form of
unit of analysis by quoting Kaase (2001): “Data is [are] in-
formation on properties of units of analysis.” Here to be
better termed “a unit of analysis” rather than a variable, but

we cannot here open an analysis of the concept “variable”.
To overcome the discrepancy among different definition of
data, Hjerland (694) suggests that social epistemology is the
most fruitful approach for understanding data.

The diverse range of epistemological perceptions related
to the concept of data, although indicative of differences in
understandings and the definitions, at the same time ex-
presses the intrinsic capability or talent, and consequently,
the interpretative variety of the data concepts. As such,
there seems to be a great deal of opportunity to define and
theorize data from different perspectives. To formulate the-
ories about data one must, first of all, recognize and under-
stand the different features and capabilities different human
beings or human-made machines can derive from data.

To come to a common definition relevant to the aim of
this paper, it can be said that the concept of data has a spec-
trum of meanings ranging from an abstract element to a
real-world fact having a variety of potential capabilities.
Where there are differences in perceptions and mindsets
data can be perceived as an abstract concept, meaning that
we, as human beings, assign meaning to data based on our
subjective mental schemas and the context in which we are
thinking. On the other hand, depending on the real-world
settings, data cover objective elements being captured, pro-
cessed and stored by living and/or non-living systems such
as humans/animals or machines. Here in this paper we per-
ceive data as a captured or taken element not a given one.
Once such an element is understood and recorded in our
minds and/or in computerized systems to create a connec-
tion, then the data becomes objective and a reality under-
standable by others (we call this a ‘fact’, such as units, digits,
symbols which can be analyzed and processed). This con-
cept about data, that is, data “not as a given but as a taken”
element shows its real feature in our real world. Hjerland
(2018, 686; quoting Machlup 1984 and Drucker 2011) em-
phasizes the similar notion as a significant epistemological
issue.

5.0 Features and capabilities that can be derived from
data

Before explaining any features and capabilities, it must be
emphasized again that all data capabilities are dependent on
human physical and mental processing including activities
of human-made machines. This, as will be discussed later in
detail, implies that data by itself has no meaning or im-
portance unless human beings give to or get the desired
meaning and/or usage from data.

That said, the following list of data capabilities can be
considered as objective contexts for data theorizing:

1. Datacan be “captured and collected”. Data is an element
to capture. It can be extracted from various sources of
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production (possibly any entities and events in the real
world) in various ways and stored for later processing.

2. Datacanbe “saved”. This is one of the most obvious and
useful features of data as a taken element. This indicates
that, something which can be stored (in any format or
on any medium), can potentially be useful for later pro-
cessing and subsequent consumption.

3. Data can be “processed”. Processing is the basis for hu-
man beings and organizations’ activities such as analysis,
reasoning, and inference (data mining and knowledge
extraction). Different types of processing, from simple
to complex, can be performed on the data. By processing
the data we can create information and/or knowledge.

4, Data can be “transferred and shared”. This feature en-
hances the value of data in various inter-personal and in-
ter-organizational communications because it enables
the transfer and sharing of data between and among in-
dividuals or organizations or systems, regardless of time
and place limits. Data sharing is now a common trend
for many government, research or commercial organiza-
tions.

S. Data can be “bought and sold”. This feature indicates
the importance and value of data as a commodity. From
this perspective, data can even be a strategic commodity
for some organizations especially governments and big
companies.

6. Data can be “used and re-used”. One distinctive feature
of data is that it can be used repeatedly. Data produced
or generated by any individual, organization or tool can
repeatedly be used for similar or different purposes, even
by others. This is an indication of the fact that data has
huge added values.

7. Data can be “measured”. This ability is especially im-
portant for professional and scientific organizations
and researchers. By using different tools and different
methods data can be measured in terms of the quantity
and quality of production, processing, transmission,
composition, and reproduction. Also, from another
point of view, we can measure data in terms of accuracy,
validity, up-to-dateness, and the like. Data as metrics can
be a significant approach to measure the level and
amount of data activities (such as capturing/collection,
processing, organization, transfer, and use) in organiza-
tions.

8. Data can be “refined”. It is obvious that not all the pro-
duced or captured data are of the intended quality for
individuals and organizations. For this reason, there is a
tendency or obligation for individuals and organiza-
tions to refine and filter their data based on their poli-
cies and priorities.

9. Data can be “dynamic”. This feature is part of the nature
of the data. Contrary to the original notion (i.e., data de-
fined as a raw material, as stated earlier), data can be a

dynamic (active) element and can be changed from its
static state to produce new data or be manipulated and
combined with other data.

10. Data can be “communicated and understood”. Man's
mental ability to process data has given him the ability
to communicate with others and create meaning. This
is achievable through linking/integrating the captured
data to the information and knowledge already stored in
his mind.

As a general conclusion regarding the different aforemen-
tioned capabilities and features, data is so valuable and im-
portant that almost all individual, managers, experts, and re-
searchers in public and private organizations are heavily de-
pendent on it; without access to data research can hardly be
carried on and the survival of many organizations is under
serious threat. So the significance of the values and the dif-
ferent capabilities of data leads us to the necessity of devel-
oping theories about it.

6.0 Why do we need theories about data?

There are some criticisms regarding the lack of attention to
theory and theory building in the LIS discipline. Pierce But-
ler was among the first who stated in his book Introduction
to Library Science (1933) alack of interest in librarians about
theories in their profession. Buckland (1988) reaffirmed
this in his notable book Library Services in Theory and Con-
text and believed that there was barely any discussion of
whether or not there might have been any progress in the
development of theoretical understanding of librarianship
since 1933.

Similarly, Hjerland (2015) states that the notion “the-
ory” is a neglected concept in the field of information sci-
ence (IS) and knowledge organization (KO) as well as gen-
erally in philosophy and in many other fields, although
there are exceptions from this general neglect (e.g., the so-
called “theory theory” in cognitive psychology).?

The important point regarding the need for developing
theories for data is that, while there are some theories about
the concept of information and knowledge almost beyond
the field of IS, little effort has so far been made to develop
general, scientific, and/or philosophical theories about data.
We have not addressed the significance of data in the con-
text of scientific theories based on inviolable laws or princi-
ples. Capurro and Hjerland (2003) believe that raising the
subject of data has been much delayed in the field of Infor-
mation Science. Borgman (2007) and Furner (2016), too,
state that the topic of data has been neglected in many In-
formation Science texts. Furner (2016) points out that the
place for a data review article, like the paper published by
Capurro and Hjerland (2003) is missing. One possible rea-
son may be that the different diverse definitions set forward
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by difterent scholars on one hand and the ambiguous nature
of data on the other hand, has added to its complexity. This
in itself requires an in-depth look at this vital element from
a theoretical point of view.

6.1 Theories for the data

Theories set systematic rules about the phenomena in the
universe and the relationships between/among them. To
formulate any theory about data, first of all one needs to
consider the relevant frameworks, conditions, and require-
ments of theory development. To introduce an idea as a the-
ory we must have the necessary frameworks for theorizing
(such as systematic thinking and defining the relationship
between the facts, concepts or elements). Merriam Web-
ster's International Dictionary (2020) provides some of the
essential requirements related to the ability of an idea to the-
orize which are implied in the definition of the “theory” it-

self:

1. aplausible or scientifically acceptable general prin-
ciple or body of principles offered to explain phe-
nomena;

2. the analysis of a set of facts in their relation to one
another;

3. a hypothesis assumed for the sake of argument or
investigation;

4. the general or abstract principles of a body of fact,
a science, or an art.

It should be added that there are various views on the con-
ditions for developing reliable theories in different fields.
Deductive and inductive methods of analyzing, explaining
and reasoning are basic requirements for theory building.

Given the diverse potential capabilities and the valuable
role of data in the lives of individuals and organizations on
the one hand, and the growing significance of data science
on the other, it seems that the necessary ground is ready for
developing theories about data. In general, the purpose of
formulating theories is to gain a better and deeper under-
standing of the whats and whys as well as the considerable
potential capabilities of data, especially metadata and big
data, as a new and vital fact in the world. Developing rele-
vant theories can enrich and enhance many data-centered
and data-related fields, particularly data science, infor-
mation science, knowledge science, cognitive sciences, com-
puter sciences, life sciences, and management.

Based on the definitions of theory mentioned earlier,
here are some general theoretical propositions, as a starting
point, on which we can develop new theories about the
data. These propositions provide logical explanations about
the facts and phenomena as well as the association between
or among phenomena in which data has the crucial role:

1. Similar to information and knowledge, data is not an in-
dependent or self-existent element. Data cannot be con-
sidered meaningful independent of its recipients. It
should be captured and processed. Capturing, pro-
cessing, understanding and using data is dependent on
human beings or man-made systems (such as machines
or computers). Likewise, understanding objects, events,
and concepts is basically dependent on the intentional
capturing and processing of data by the nervous system.

2. Aslong as human beings or human-made machines cap-
ture and transform the signals of their interactions with
or observations of the environment into understandable
elements, data are constantly produced, processed, con-
sumed, and reproduced as facts. There is potentially no
limit to the production and growth of data through
events and human activities. Data is an ever-growing ele-
ment which gradually generates large corpuses namely
big data. We are facing the era of overwhelming growth
of data, metadata and big data. From an epistemological
point of view this overwhelming increase in the volume
and types of data is forming a new horizon as well as new
problems for human beings.

3. To human beings and human-made machines data are
facts representing the quantity and/or quality of living
and non-living objects and events. It is through the cap-
tured data that we are able to understand entities and
how they work. As such, data act as evidence of entities.
Thus, every being or every event has the potential to pro-
duce a sign (potentially, data) by which we are able to
identify them. From this perspective, i.e., within the hu-
man ability to perceive, whether real or imagined, data is
evidence to describe and represent the quantity and qual-
ity of the real world and ecosystems. It is through data
that humans or human-made machines are able to recog-
nize and record physical/numerical variables, such as seis-
mic data from earthquakes and volcanoes, or wave-
lengths of light coming from stars and distant galaxies,
types and numbers of elements in a material, blood test
results, etc.

4. The formation and understanding of many types of rela-
tionship between or among entities in the real world is
mainly based on the ways and techniques that data are
captured, processed and analyzed. In other words, many
types of relationships can only be formed and under-
stood through taking the role of data into consideration,
that is, through capturing, processing, and analyzing
data. All the real-world objects and all ecosystems exist
based on an entity-relationship pattern. This is a signifi-
cant concept on which we are able to discover and under-
stand the basic requirement of our existence in the eco-
systems around us.
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S. Data, information, and knowledge are inter-related and
interdependent elements, so they have interactive behav-
iors. They can be transformed into one another in cases
where humans or human-made machines decide. Also,
much of the data stored in IR systems is the result of in-
formation and knowledge that human beings have pro-
duced through their activities. Big data is an example. In-
formation and knowledge must be de-structured, re-for-
matted, recorded, and stored in the form of data (in da-
tabase fields) so that they can be indexed, saved, trans-
ferred, retrieved and used. The more objective and so-
phisticated data processing, the more useful information
and knowledge will be produced.

6. Based on the above proposition, the discovery and un-
derstanding of the relationship between data, infor-
mation, and knowledge is basically dependent on human
beings or human-made systems. This relationship be-
tween or among the three concepts is primarily intellec-
tual (i.e., it is formed in the minds of humans) or is based
on inference computer programs. It is through human
reasoning system or data collection and processing by hu-
man-made machines that data becomes meaningful and
usable. Hence, its reliability and durability are to be re-
ceived, understood, and stored on embodiments such as
the human brain or human-made tools.

7. Human behaviour in the production, processing, and
usage of data, especially at the organizational and social
levels, and in the case of big data, are dynamic, meaning-
ful, and savable phenomena. These behaviors can be
studied epistemologically, philosophically and scientifi-
cally as phenomena. As noted earlier, much of the activ-
ities in today's society is based on data capturing and pro-
cessing. Data-driven approaches are the dominant trends
for many individuals as well as many institutions and
companies. Big data and linked data are, in fact, evidence
for such trends at the large scale. The field of study of
such trends, using data, may be called “sociology of
data”. In this regard, it is important to identify how the
human groups and social institutions (whether educa-
tional, research, industrial, commercial, and so on) cap-
ture, process, transfer, share, and consume data. We can
also identify the nature of any phenomena and the causal
relationships between them from different dimensions
of the data.

8. The level of activities of living organisms (such as human
beings and organizations) normally depends on the
quantity and quality of data capturing, processing, syn-
thesizing, and interpretation by them. The more active
and sophisticated an organism, the more it is able to cap-
ture, process, produces, and transfer data. This means
that there is a relationship between the level of data pro-
cessing by living systems and the level of data utilization
for producing information and knowledge. In fact, the

degree of activeness (or dynamism) of an entity depends
on its ability to capture and process data. For example, in
comparison to many other animals, a human being is a
creature who has a more dynamic and complex mind
able to generate data, information and knowledge. For
this reason, human beings have more interactions and
higher mental activities that result in producing more
and more diverse data needed for decision making and
action. The same argument can be made for large and im-
portant organizations compared to smaller ones (for ex-
ample, aerospace and aviation organizations, or large and
reputable universities and research laboratories in com-
parison to a small office or a high school). Likewise, more
complex and sophisticated devices, such as aircrafts com-
pared to cars, and cars as compared to bicycles, require
more data for their building and performance. Based on
this argument, it can be said that by analyzing and meas-
uring the extent and types of data produced and pro-
cessed by each entity, one can measure the level of its ac-
tiveness and complexity (data as a measurement unit or
variable). Also, more complex and dynamic entities are
able to better understand the relationships between con-
cepts and events based on the processed data. So it can be
hypothesized that “the more active organizations and in-
dividuals, the more data they capture, process, consume,
produce and/or reproduce. Likewise, the more data is
produced, the greater is its impact on the activity, struc-
ture and processes of the organization.

In summary, in connection with the dynamism of the data
we can theorize that all human beings and organizations po-
tentially can capture, process and produce data, but the level
of activeness of any entity depends on the extent and sophis-
tication of the mental and/or computational processing.
Here data can be regarded as metrics.

7.0 Conclusions

Discovering and understanding the real world, its structure,
and its constituents (entities, events, as well as the relation-
ships among them) requires an understanding of the nature
and philosophy of data. Data are the essence and basic ele-
ments for interaction with the world, understanding things
and for decision making in life. If we accept the notion that
data is the evidence of how we understand and mentally
process our observation of and interaction with the envi-
ronment, then it can be argued that all the entities and
events can potentially produce signals (data). Since all living
systems are in interaction with the environment (i.e., other
entities and events), there is no limit to the production and
growth of data. As long as entities and events exist in the
world, data is produced, consumed, and reproduced to give
meaning to life and events. As mentioned earlier, as any en-
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tity which is more dynamic and more sophisticated, it can
generate, process and transfer more data. It seems that with
the advent of new technologies, the dynamism of human
beings and organizations will increase and this, too, will pro-
duce more data. Dynamism means more activities and more
processing capabilities by an entity. Based on this argument,
it can be said that by analyzing and measuring the quantity
and quality of data produced by each entity, we can measure
its dynamism and sophistication. Big data and linked data
are evidences of this dynamism at the macro level.

It is crucial to understand that data, information, and
knowledge are associated and interdependent concepts.
Any theoretical and philosophical inquiry into any of these
three concepts should take such association into considera-
tion. As noted earlier, there are some theories developed so
far about information and knowledge but not about data.
The present era is witnessing the provision of suitable con-
texts for the development of the theoretical and practical
concept of data (data science and all related fields). From a
scientific point of view, data is the most important empiri-
cal evidence in the activities of scientists and the develop-
ment of science and knowledge. In other words, the devel-
opment of scientific theories in many fields is dependent on
the collection, processing, analysis, synthesis, and inference
of data.

This paper presented a number of general propositions
for theories as a starter list with many other aspects yet to be
explored about data. These theories, in turn, can be consid-
ered as meta-theories to formulate specialized theories of
data in specialized domains. The expansion of these theories
can provide a good framework for the theoretical and prac-
tical development of data science. The present paper at-
tempted to argue that understanding the universe, entities,
and events, as well as the relationships between them, re-
quires an understanding of the theoretical and practical ba-
sis of the data. Such an understanding can further enhance
data science, create new educational and research trends,
more accurate findings on the relationships between enti-
ties and phenomena, and ultimately, a deeper understand-
ing of the world.

In summary, we will see major developments in the realm
of data and data science, and this requires deep theoretical
and applied studies. Human society is now on the verge of
a valuable, universal data paradigm and revolution, a devel-
opment that has opened new horizons in all areas of human
activities. Research and practice areas appear to be emerging
and, consequently, new specialties based on data capabili-
ties. It can even be expected that something new, such as
data ethics, will become an important issue in human socie-
ties because, as with information, many challenges such as
misunderstanding of data, misuse of data, and the like, can
be harmful. In the meantime, theorizing and formulating
philosophical and scientific theories related to data have a

special place. The important notion supporting the devel-
opment of theories about data is that, if data science is to
continue flourishing in a variety of specialized fields and
trends, then we need to build theories about data for re-
search and practical purposes in a multi-disciplinary con-
text.

Notes

1. An entity can be any existence (living or non-living) sep-
arate from others. Examples are a human being, an ani-
mal, an organization, a building, a tree, a book, or even a
concept, etc. According to the Merriam Webster Dic-
tionary, entity is something that has separate and distinct
existence and objective or conceptual reality. Here in the
context of this paper, entity refers to living existences
only.

2. All the happenings in the environment and all activities
done by humans are examples of events. According to
Merriam Webster Dictionary, an event is something that
happens, a postulated outcome, condition, or eventual-
ity, such as a social occasion or activity.

3. Theory-theory (or theory theory) is a scientific theory re-
lating to the human development of understanding
about the outside world. This theory asserts that individ-
uals hold a basic or naive theory of psychology (folk psy-
chology) to infer the mental states of others (Ratcliffe
2006 quoted in Wikipedia “Theory theory”).
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