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ABSTRACT

An increasing amount of information available online is dynamic
in nature. That is, it constantly keeps changing with people
consuming and adding their own value to it. We propose to study
how such information flows from its original source to other
locations through the concept of information derivatives. We treat
information as an object and consider the original piece of
information as the 0™ derivative. Any subsequent use of that
information produces 1* derivative, 2™ derivative, and so on. We
provide a mathematical formulation of this phenomenon and
propose a new framework to study information propagation in
online sources, and to understand the dynamic nature of
information.

Categories and Subject Descriptors
H.1.1 [Models and Principles]: Systems and Information
Theory—Information theory

General Terms
Measurement, Theory.

Keywords
Information propagation, Information derivatives, Information
theory, Social media, Network analysis.

1. INTRODUCTION

With the changing ways in which information is stored, retrieved,
and shared, it is becoming essential to see information as dynamic
and constantly changing with its context and usage. Several works
have demonstrated how context could be useful in studying
dynamic information (e.g., [8, 11]). Easily creating, sharing, and
annotating a piece of information has become largely possible due
to the ubiquitous nature of social media sites and services.
Examples include YouTube for videos, Flickr for photos,
delicious for bookmarks, wordpress for blogs, and Twitter for
microblogs.
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In this paper we look at information as an object [3] and propose a
new method for studying its propagation through various channels
on the Web. In order to explain this method, we introduce the
notion of information derivatives and propose a new framework
for studying the dynamic nature of information through its
propagation and derivatives.

2. Information propagation and derivatives

In the field of library and information science (LIS), information
is often viewed as an object [3]. Kaye [7] (p.37) stated: “Library
and information professionals, thus have a perception of
information as objective matter, defining it instrumentally in
terms of data, facts, knowledge and opinion, to be applied to
learning, decision making, problem solving and other tasks.”
Rowley [10] also reaffirmed that LIS professionals tend to treat
information as an object and create a system’s view of
information.

There is, however, also other works in the field that treat
information as a vehicle for knowledge. For instance, Hill [6] used
the term information to mean recordable knowledge, asserting that
knowledge is more than information and that information must be
recordable and shareable.

2.1 A mathematical view of information

derivatives

There are many other views of information, but for the work
presented here, we will treat information as a thing,
acknowledging that such information is recordable, shareable, and
modifiable. We follow Brookes’ [2] fundamental equation of
information theory:

(S)+AI = (S+AS) .. (1)

Here, S is the knowledge structure that is modified by the
information input Al to produce a new knowledge structure
(S+AS). Instead of knowledge structure, we will focus on
changing information itself. In other words, we propose:

[+AV = (I+A) .. (2

Here, I is an original piece of information, AV is the value added
to that information, and (I+Al) is the new information created due
to this process. An added value changing the given information is
a well-studied concept in information life cycle and related works
(e.g., [12]).

Let us consider an example. Using social bookmarking service
delicious, one could collect bookmarks. Each of these bookmarks
is a piece of information (/) to which one adds tags and notes (4V)



to create one’s own value-added personal information (I+Al).
Here, AV and Al are person and/or context dependent. Continuing
this example, these bookmarks could be shared with others over
delicious. Those who subscribe to them could create their own
versions of the bookmarks, thus adding AV to what is already
(I+Al). Thus, we can generalize Equation (2) as

I+ AV - Pt (3)

Here, j represents the order or the derivative rank. I with 0™ rank
(I is the original piece of information (0™ derivative). With AV’
added, it transforms to I’, which is the 1* order derivative.

Let us consider this notion of information derivatives with another
example. Stacy uploads a picture that she took at a birthday party
on Facebook (0™ derivative), in which Mark tags people. This
tagged photo is now a 1* derivative information. Others in Stacy’s
social network could see this value-added information and start
commenting on that photo. This creates 2™ derivative information.
This can continue, not only on Facebook, but also on other
channels such as blogs, creating new derivatives of the original
piece of information.

2.2 A graphical view of information

derivatives
Information derivatives can be seen as a directed graph,' such as
the one shown in Figure 1.

Figure 1: A graphical view of information derivatives.

Here, an original piece of information is labeled with I, which
gets propagated through various channels and becomes I'. Note
that each of the I’ may be different due to their unique context,
usage, and added value. This chain could continue and produce

! Note that the direction of the arrows in this representation may
seem opposite of the direction for information propagation, but
it clarifies the idea of derivatives or links.

derivatives, I°, F,..., I'. It is possible that a particular piece of
information, for example, PIFis multiple derivatives; that is, it can
be produced using derivatives of different lower orders, such as 7
and I, where p=j-1, q=k-1, and p=q. In other words, such
information propagation creates many-to-one mapping of
information derivatives. In Figure 1, one of the pieces of
information is such derivative, labeled with I'P.

One way of thinking about the information derivatives from this
graphical view is to look at how many hops we need to make from
a piece of information to I°. This number indicates the order of
that derivative. For instance, for the node labeled with 1112, there
are two ways to get to I’ — one with one hop and the other with
two hops. Thus, this piece of information is 1* order as well as 2nd
order derivative with respect to the information represented by 1.

Information propagation through information derivatives can also
be represented using other structures, such as tree (Figure 2) and
forest, as well. The choice of a structure for portraying and
examining information derivatives can depend on the application
and the domain in which they are being studied.
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Figure 2: A tree structure for information derivatives.

2.3 Graph-based characteristics of

information derivatives

Various structural views of information derivatives provide us an
opportunity to define certain characteristics of them based on the
structure as well as how different nodes within this structure are
defined and linked. Here we present a few important
characteristics that will later be useful for our case study.

2.3.1 Diversity or propagation applicability

A given node in the graphical structure could be used multiple
times to create information derivatives. The more a piece of
information (node) gets used, the higher its propagation
applicability. Diversity of a node is determined by the number of
unique derivatives created from that node. Thus, diversity of a
derivative node can be defined as:

YI)=> "1 | wherek=j+1 .. (4)



Here, all of I* are derived from 7. Note that these /* come from
unique nodes. In case of the Web, these nodes may be different
domains.

This characteristic is similar to in-degree of a node in a graph,
often used to measure a node’s nature as an authority in network
analysis [9].

2.3.2 Deriving index

This measures the level of derivation for a piece of information,
and is calculated by counting the number of sources it derives.
Deriving index is computed as:

o) => I*

Here, is derived from I*,

,where k=35—-1 ... (5)

This characteristic is similar to out-degree of a node in a graph,
often used to measure a node’s nature as a hub in network analysis

[91.
2.3.3 Density

A piece of information may be derived by a single node several
times, possibly by different parts of that node. For instance, if a
web-domain is considered as a node, its parts are all the webpages
in that domain. Density of an information node is computed by
dividing the total number of derivations from that node to the
number of unique nodes from which those derivations occur.
Thus, density:

. I
i 2

p
Here, the denominator is the sum of all the unique nodes (e.g.,
web-domains) that derive from 7. Note that y(r) represents total
number of derivations (in-degree) from 7, whereas §(7) indicates

how spread out those incoming links are among unique sources
that derive from it.

,where k=35+1 ... (6)

3. DISCUSSION

The ways in which people seek, find, and share information have
changed considerably in the recent years, and so are the methods
for producing and consuming information online. It is not
uncommon for one to discover interesting or relevant information
from a friend’s blog or a Tweet. In this paper we attempted to
formalize such information propagation on the Web. We proposed
a notion of information derivatives and presented some of their
basic characteristics. Our proposal was inspired by some of the
classical works on information as an object, information theory,
and network analysis.

The framework presented here using information derivatives can
be used for examining almost any case of information flow where
information can be treated as an object. One of such domains is
blogosphere. Similar to the works of Gruhl et al. [5], and
Tremayne et al. [13], we can examine information propagation on
certain topics within blogosphere using the notions and properties
of information derivatives. Such analysis can help us identify and
study connectors (high diversity), and authorities (high deriving
index) in a given network.

On the theoretical side, the proposed framework can help us
classify and explain data, information, and contextual details,
similar to Buckland’s [4] discussion about the nature of a

document. With the same example of antelope that Buckland
gave, antelope itself can be treated as the 0" derivative, and the
scholarly articles about that antelope can be considered as 1%
derivatives.> One could imagine applying similar definitions to
various artifacts considered for preservation or archiving.
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