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ABSTRACT

Big data is considered to play an increasingly important role in many aspects of our lives as indicated by
the OECD, 2013. To find insights in how to exploit the big data technologies in the least time possible we
focus on which kind identify the knowledge implemented in successful big data enabled projects.

This paper proposes a method to identify what knowledge that is being used by companies to exploit big
data’s potential, as target sector broadcasting is selected, from it we analyze 2 companies that were able
to innovate at some level by making use of big data technologies, which are BBC R&D and Netflix.

We on the knowledge words that they were diverse and the knowledge they represent has been previously
not used together, which call for action on capability building for companies that are interested to exploit
the potential value of big data technologies.
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1. INTRODUCTION

It started as a government supported activities in early 1900, its mission as first described by David Sarnoff
in 1922 “broadcasting represents a job of entertaining, informing, and educating the nation”. Time
passed this activity is now realized by private broadcasters and public broadcasters, in a strategic sense
privates focus on content and business models that bring them revenues and public focus on quality. To
be able to entertain, inform and educate, broadcasters communicate and publish information with a value
to their user in form of programs which are composed by video, audio and additional data or in a more
general fashion content.

The environment for the broadcasting sector is under a significant change and one of the main reasons for
this change is been given by technology which is having an effect on the media content value chain and is
generating changes in different actors, to mention some examples we have Twitter acquiring the live
broadcasting app periscope and Netflix successfully entering the original content creation, actors that
where not directly related to activities covered by broadcasters now are offering services broadcasters
offer these two examples are two companies that live from data and are known for their ability to use it
to offer added value. This fact present challenges as the disruption of the current service offering status
quo of the broadcasters, but also opportunities for broadcasters to learn of their use of big data, adapt to
change by creating, adapting, acquiring capabilities and respond to these challenges.

Big Data have been present in our society since long ago and the challenges for managing it have been of
interest for organizations since they use it in their activities, but now why speak about big data? recently
the rate of data creation and its accumulation, real time decision making, non-standardized data are
presenting challenges for organizations (McAfee, A., and Brynjolfsson, 2010)(OECD, 2013), but due to the



evolution of IT technologies (Jee K, Kim G, 2013) and in response to this requirements, many technologies
for aggregate, manipulate, analyze, and visualize data are being implemented and integrated in one term
"Big Data" (Manijika, J., et.al., 2011). The term is commonly defined by using the Vs framework the more
convenient for the authors is the four Vs, volume, velocity, variety, veracity as characteristics of the data
(Raghupathi W, Raghupathi V, 2014), the authors consider this because the 4Vs framework link the
characteristics of data to the challenges presented by it. The big data technologies, then, are the methods
and technologies required to get value from it (de Mauro A, Greco M, Grimaldi M, 2015). A previous study
(Ruiz-navas S, Miyazaki K, 2014) previously revealed many other applications biometrics, smart cities,
security systems, agriculture and finance among others. From the existence these applications and their
wide range we can argue that these technologies are being used to help humans and systems to do their
work better by using available data in their different flavors (Vs of big data) and also brings its challenges
like data security, privacy, ownership, transactions, veracity, transportability (Katal A, Wazid M, Goudar R
H, 2013)

The big data technologies are recently being studied and as IT are living a rapid change and different new
applications, services and startups are created, but one resource all these initiatives have in common is
the knowledge that is the base to build them, detecting these particular pieces of knowledge that put
together the big data enabled services could be a good start for companies to act on these environmental
change and start to take action. Taking into account this research focuses its efforts on discovering these
pieces of knowledge that are present in projects related to big data enabled services

2. Big Data for the broadcasting sector opportunities

The broadcasting sector itself is produces and uses data, the media content they produce, transmit,
manage is composed of sound, text, video and other kinds of data, the decision making, processes and
daily activity related data and other public available sources of data open opportunities for broadcasters
to innovate. An overview of some applications was presented by NHK R&D and defining data sources for
potential services like Social Networks (SNS), access logs of web services, GPS data from mobile phones
and IC card usage logs. These could enable applications as discerning popular trends by using viewer’s
tweets, track people’s movements in emergencies to avoid bad consequences and the combination of
different data sources with specific broadcaster’s data to personalize online services and create effective
advertising and PR methods for business (Nakagawa, T, 2014).

3. Media content

Media content can be live/real time: the one that is reported in real time, news, sports, events, concerts,
to multiple receivers and not-live: not happening in real time like DVD, MP3, and the likes and not
necessarily is showed to multiple receivers. This environment is being disrupted as main examples we cite
the live broadcasting apps periscope and Meerkat which allows anyone with a mobile phone with camera
and data connection to become a broadcaster (Boucher J, 2015) and for the non-live content Netflix a
company that started renting DVDs, changed its platform to streaming content and now is also providing
original content and this company is proud to say that its success is primarily given for its capacity to get
value from the data of Its users (Palmer D, 2014).

In general there are different opportunities, applications, technologies, knowledge, data sources involved
with the use of big data in the broadcasting sector, in fig 1, we show a little summary of these dimensions.
As companies are engaging in the development of the big data for media content services, we see that it
brings opportunities to broadcasters and also to other actors associated with the media content business



(Netflix and Hulu for example), new opportunities for them are open and this means new challenges for
classic broadcasters, it means a time of change and adaptation, where the development, acquisition and
adoption of competences becomes important for firms.

APPLICATIONS OF BIG DATA TO BROADCASTING SERVICES

BIG DATA SERVICES
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Figl. Big data and services in the broadcasting sector.
4. THEORETICAL BACKGROUND
4.1. Resource based view of the firm and capabilities

Scholars defined the Resource based view of the firm as a way to explain why some firms were able to
arrive to an apparent sustainable competitive position in their markets. The theory found itself on
resources as key to competitiveness and these are understood as “all assets, capabilities, organizational
processes, firms attributes, information, knowledge, etc. controlled by a firm that enable the firm to
conceive of and implement strategies that improve its efficiency and effectiveness” (Barney J, 1991). This
theory also signals the importance of managing these resources in times of changes, or Schumpeterian
shocks where firm’s strategic positions might change and when resources might change of status and stop
being competitive and become regular resources (Barney J, 1991). Other concepts that complement this
approach are the definition of the “core competences” to synchronize resources, business units and
products (Prahalad CK, Hamel G, 1990), “dynamic capabilities” which are a subset of
competence/capabilities that allow the company to adapt to changes in their environment (Teece D,
Pisano G, 1994) and the absorptive capabilities that allow the firm to acquire resources from external
sources (Cohen W M, Levinthal D A, 1994), to mention some, all which affirm the importance of special
types of resources in the firm.

4.2. Knowledge as an Important Resource
Knowledge is part of these key resources for firm competitiveness and adoption to change and even as a

branch of the resource based view the knowledge based view of the firm was developed and it proposes
that the primary role of the firm is to “integrate the specialist knowledge resident in individuals into goods



and knowledge transformation” as the main purpose of the firms (Grant R M, 1996). In his work, Grant,
1996 for practical reasons and to bring the concept to the firm’s context, defines two types of knowledge,
tacit and explicit. Tacit knowledge refers to know how, cannot be codified and is observed though its
application and explicit with knowing about facts and theories and it is revealed by its communication, can
be codified. Knowledge also plays and important role on description of complex approaches to explain
innovation as in national systems of innovation where the innovative capability of a nation is described by
the knowledge exchange interactions between different actors (Patel P, Pavitt K, 1994), as well as in
sectoral (Malerba F, 2002) and regional systems of innovation (Cooke P, Uranga M G, Etxebarria G, 1997)

Knowledge is one of the different resources that are important to competitiveness and innovation, also
the importance of managing resources in times of change is critical for these two objectives, which leads
us to look into the importance of knowledge in the apparent moment of change that the broadcasting
sector is facing and how by leveraging from the service and products configuration of other actors, the
broadcasters can learn and prepare for their reconfiguration of competences/capabilities in order to
achieve competitiveness and innovation.

4.3. Now how to find knowledge?

Explicit knowledge is the codified representation of knowledge, following the stages of the knowledge
cycle proposed by Nonoka | and Takeguchi H, 1995, the tacit knowledge after certain stages in the company
becomes codified and part of it turns into explicit knowledge, generating more resources and bases for
the development of new tacit knowledge, stating a relationship between the two. Normally for research
on knowledge scientist usually turn to codified form of knowledge like scientific publications, patent data
bases, technical reports and documents, product catalogs, companies data bases, web publications and
other different sources or combination of the latter. By using words as a proxy of knowledge some authors
have been using these data bases to study knowledge, for example mapping of scientific areas (Avila-
Robinson A, Miyazaki K, 2013), science disciplines fusion in nanotechnology (Islam N, Miyazaki K, 2010) by
using the words as proxy for to study knowledge also some warnings have been made, as the words can
have different meanings according to context (science, jargon, country, application, discipline) which
makes the reviewing of great number of words difficult under unsupervised conditions and under
supervised conditions to tedious. For knowledge analysis the champion data bases are usually company
internal, scientific data bases or patent data bases, yet with the improvement of IT and processing power
more complex data sources and analysis techniques are been made available for researchers in different
fields (Science, 2011).

Innovation and Management of Technology (MOT) is not an exception, some examples are the use of
literature based discovery to link technology and social issues (Ittipanuvat V, et. Al.,, 2014), using
unstructured data for map evolution of technological fields (Jurowetzki R, Hain D S, 2014) and detection
of service characteristics and service innovation in the B2B mobile business in Korea (Hong S, Miyazaki K,
2014) all these new potential data sources, techniques and applications are available for the whole
community and in order to adequately exploit them we should start explore and appropriate them to our
discipline specifics.

Appreciating these studies we agree with these authors and decide that words can be used to represent
knowledge, taking care of that the number of words to analyze is workable under supervised conditions,

the familiarity with the studied topic and the different meanings that the words might present.

4.4. R&D Projects and Innovation



The competitive resources are the ones that allow companies to develop efficiency or efficacy in their
activities, normally in successful R&D projects of companies one of these conditions is present, which
means that by analyzing companies successful R&D projects we can identify key resources the companies
are implementing in them, so by focusing on knowledge we could find what knowledge are these
companies implementing.

5. THE CASE STUDY

We part from the fact that some socio technical phenomena can be modeled by words as explained by
Michael Callon in 1990 in his work about techno-economic networks, focusing latter on the importance of
knowledge as a key resource of the companies and the changes these resources can have in moments of
change, some become less important and others become key resources which the firms start to explore,
acquire, develop.

Words also have been used before to analyze knowledge, the new data sources, data analysis techniques
that are being made available by open source projects and advancement in the computers processing
power. We propose a framework to analyze key knowledge resources implemented by firms in moments
of change by analyzing their public information publications.

As a test case we are set to detect the knowledge related to big data implemented in new services in two
content media related companies, the BBC international recognized broadcaster and Netflix, emerging
media content actor which has been recognized for its strategy based in data analysis, by searching for
words that represent big data related knowledge in their public R&D data in this case the R&D blogs for
the BBC and Netflix.

6. METHOD

To detect knowledge words related to big data technologies from text published in the BBC&RD we will
implement an automatic word extraction process and to verify the results we will do a second analysis by
reading the information and summarizing it in a structured way but specifically extracting knowledge
words related to big data technologies and finally compare both analysis and make conclusions

6.1. Automatic word extraction: for this analysis the three initial stages of the CRISP model are followed,
business understanding, data understanding and Data preparation (Chapman P, et. Al., 2000), after that
data analysis. In parallel to this process also the big data related knowledge data base have to be prepared
for word analysis as it is used as reference to extract the knowledge words in the data analysis step, all
these steps are implemented in R(R Core Team (2015).

Business understanding: is executed as the first part of the research question statement and the
background literature review in order to understand the problem that wants to be solved

Data understanding: The desired text data is identified as the blog has different projects and different
sections which do not have information related to the project, the not useful text is discarded and the
desired project text is identified.

Data preparation: in this step the data is acquired, cleaned and formatted to be properly processed in the
next step. The basic steps to prepare a data set for text mining are executed, removing punctuation, stop



words, non-necessary white spaces and foreign characters from the words. After applying these steps the
words can proceed to the next step were the knowledge words will be extracted.

Data analysis: in this step we do not follow the CRISP framework as we wish to extract knowledge words,
in order to do that we defined a dictionary method which compares the text data against a set of target
words and selects only the words from the text data that are present in the target set of words, in this case
by exact match. As the objective is to detect big data related knowledge, a set of words collected by the
authors in a previous work (Ruiz-navas S, Miyazaki K, 2014) is used as dictionary or target knowledge
words. After comparing the text extracted from the three projects we obtain the words present in the
projects that are present in the dictionary set of words and complete the big data knowledge word
extraction.

6.2. Manual word extraction: For the summarization of each project a basic project structure is defined
to understand its nature and identify the knowledge words. The basic structure is defined by

e Project name and date: basic information about the creation and finalization of the project and

its name

e Objectives: which objectives were or are pursued by the project

e Problem: brief description of the problem the project solves or solved

e How ?: a description of the solution implemented

e Knowledge words: a set of words present in the project’s text related to big data knowledge

e Technology words: a set of words present in the project’s text related to big data technologies

e Data words: a set of words present in the project’s text related to sources or kinds of data

After filling all these fields for this project, the comparison of the automatic words extraction and manual
extraction is done, in this comparison a relative measure of effectiveness is implemented, words detected
automatically/Words detected manually and conclusions about the whole process are obtained.

7. RESULTS

From the information published in the BBC&RD web site about three projects related to big data enabled
service, COMMA, World Radio Service (WRS) and Kiwi project a manually (reading) and an automatic
(automatic extraction of words) analysis we present both results for each project one after another and
then general characteristics of the analysis of the three projects.

7.1. Knowledge words extraction

KIWI project manual extraction: From the characteristics we decided to analyze we could tell the project
was for internal (Service to Within - S2W) use in the BBC and its focus was directed to improve BBCs
internal process. As for the knowledge they implemented it is interesting the presence of words like
algorithm, tagging, distributing computation, which are closely related to distributed systems and data
analysis, which are general knowledge fields related to Data and when applied to relatively Big data sets,
70000 radio programs can be called a big volume of audio data. The general results are presented in table
1

KIWI - 2011 - 2012




Objectives

Problem

How?

Assigning topics to
large programme
archivesin a
reasonable time.
70,000
programmes in
around two weeks

BBC manually tags recent programmes.

Editors draw and assign these tags from open
datasets made available within the Linked Data
cloud, but this is a time consuming process. Aside
from recent programming, which is tagged, the BBC
has a very large radio archive that is currently
untagged

Automatically identifying
topics in speech radio
programmes, with topic
identifiers being drawn
from Linked Open Data
sources such as DBpedia

computations
HUB4 acoustic
model

language model
Tagging algorithm
disambiguation
SKOS hierarchy

processing infrastructure
CMU Sphinx-3 software
message-queueing system
RabbitMQ

cloud infrastructure
Github

Knowledge Technology Data

Automated Automatically tag Linked Open Data
Tagging algorithm | Automatic tagging speech radio programmes
Distributing cloud resources archive content

Gigaword corpus
Dbpedia
Wikipedia

Table 1. Project characteristics summarized after reading the published information and list of words
detected from this analysis.

Kiwi project automatic word extraction: From the automatic extraction as we could see that the only word
related to knowledge that was detected was the KOS hierarchies and if we compare with the number of
words detected by manual extraction we could say that we got 1/7(14%) of efficacy, which should be
improved. The results are presented in table2.

WORDS
infrastructure

FREQUENCY

terms

topics

similarity

framework
Radio

Skos

Tools

RPININININW AS_AOV

annotations

classification 1

Table 2. 10 most frequent words automatically extracted from the Kiwi project’s main page of the BBC&RD
blog.

COMMA project manual extraction: The COMMA project was more directed as a final product or packaging
of the result of the previous related projects and its objective is to provide service to third parties (Service
to business- S2B), which is reflected in the relative fewer number of knowledge words detected if we
compare with the other projects. The results are presented in table 3.



COMMA - 2013 - 2015

Objectives

Problem

How?

COMMA stands for
'Cloud Marketplace for
Media Analysis
Develop a prototype
platform for the
extraction of metadata
from media archives

There are many cultural institutions,
commercial archives and content creators
who have audio, film, photos and video
that they would like to put to new uses.
Digitalization is from big physical to big
digital, so without easy ways to navigate
the data there's no way for your users to
get to the bits they want

content owners can upload
their audio, video, photos or
text and try out a range of
different metadata extraction
algorithms and researchers or
businesses working in the field
of automated media analysis
can find customers

computing platform

speaker recognition
cloud-based processing system
monitoring system

payment system

Knowledge Technology Data
automated media metadata extraction algorithms Video
analysis metadata extraction platform Audio
algorithms speech-to-text photos
face recognition text

Table 3. Project characteristics summarized after reading the published information and list of words
detected from this analysis.

COMMA project automatic word extraction: for this project we could say that the efficiency was % 50%
but it would not be fair to say it because of the little presence of knowledge related words, the only hit
was the word “algorithms” which helped us to realize the importance of the stemming process for word
extraction. The results are presented in table 4.

WORDS

FREQUENCY

extraction

metadata

algorithms

media

prototype

innovation

research

value

design

RPINININIRABAB_OWOU

development

1

Table 4. 10 most frequent words automatically extracted from the COMMA project’s main page of the BBC

R&D blog.

World Radio Service (WRS) project manual extraction: This project is related to the creation of a new




service for the beneficiaries of the BBC (Service to Customers - S2C). It is a project in development and this
status is reflected in the medium level of knowledge words we detected, if we compare with the other
projects and a very interesting finding is the combination of computer power and crowd sourcing to
improve the service, which as explained by the case, helps to improve the technical aspect of tagging
algorithms and generates user’s data of the interaction with the service which is later used to improve it.

A summary is presented in table 5.

WRS - 2011 - present

Objectives

Problem

How?

Make available to the people the
archive of all radio programms the
BBC has.

70,000 radio programmes, or more
than three years' worth of
continuous audio.

Manually tagging programmes with
metadata about them is expensive
and time-consuming

We have done this by developing
algorithms that listen to the
radio programmes and create
new descriptive metadata
automatically and crowd
sourcing to improve the results

Knowledge

Technology

Data

cloud processing
machine-learning techniques
advanced algorithms
crowd-sourcing

speech-to-text technology
semantic tagger

Github

Amazon Web Services

machine-generated metadata
metadata tags
massive audio archive

Table 5. Project characteristics summarized after reading the published information and list of words

detected from this analysis.

WRS project automatic word extraction: if we are to evaluate the efficacy of the knowledge extraction in
this case is 0 as the exact knowledge words were not detected, we can see again the limitation of the
single word approach implemented as the word “advanced algorithms” is present but the automatic
extraction method only detected “algorithms” as a single word. The extracted words are presented in table

6.
WORDS FRECUENCY
metadata 12
radio 5
prototype 4
algorithms 2
power 1
technology 1
topics 1

Table 6. Words automatically extracted from the WRS project’s main page of the BBC&RD blog.

7.2. General analysis

After comparing the automatic and manual extraction results, for the three projects we realized that to be
able to detect knowledge as proposed, the automatic extraction method needs to be improved in different

at least 4 ways:

a) Multiword detection, the majority of the words in the data base describing knowledge are Multiword,




which do not correspond to the automatic extraction methods applied in this paper, and explain in
part the little effectiveness of the knowledge detected and extracted from the analyzed projects.

b) Stemming of the words, the most characteristic case is the word algorithm which is present in all the
projects selected and also in the big data knowledge data base but it was not detected because in the
data base was saved in plural form “algorithms” rather than algorithm.

c) Context to have a reference for the identification of knowledge words as in this paper the researchers
implemented their own knowledge of the big data technologies to do the manual extraction. This
could be achieved by implementing the word

d) Complement distance measures: Improving the word detection, by implementing diverse word
distance measures like the Levenshtein distance (Levenshtein V |, 1966) which helps to avoid the
problem with not stemmed and multi words distance detection.

8. DISCUSSION

As a points for discussion we start with the research’s limitations, the samples studied are small only three
projects and from one company, the data source used is the R&D blog were the information provided is to
inform to a general public and the information is not necessary in deep about the projects been realized,
which means that much of the information of the project is not published in this site. The automatic
extraction set of tools used was very limited and can be improved in several ways in order to obtain better
results, also is evident the need more standard measures for the effectiveness of the tools implemented
by the authors, also the research is still in process and advancing the Netflix case is still to be completed.
Having mention these issues and missing others we share other topics that called our attention while doing
this paper.

The implications of using different sets of words in the automatic word extraction, the big data knowledge
data base which was constructed from the scientific publications’ author keywords field, these are defined
by humans, and in an academic context, which could be different from the words used in companies Blogs
and extracted by automatic algorithms. These differences could in the end could be reflected in the final
automatic extraction efficacy.

The new availability of tools and data sources for analyzing technology and innovation, for the authors this
paper is considered as a small drop of water in the ocean that is being discovered, around new sources
and tools for innovation research, as we did our analysis using very simple tools and three projects from 1
R&D blog. Today there is availability of many data sources, like government open data in many countries,
social networks data, company internal data, that could expand the reach of the studies in our fields of
interest and help us to make better informed decisions if used in a responsible fashion.

9. CONCLUSION

An automatic and manual analysis of information of 3 R&D projects was realized for the BBC, from this we
conclude that the in order to implement automatic knowledge detection using text data from web sites
public data, it is necessary the implementation of diverse algorithms and their adaptation to the specific
needs of the discipline in question and the question this wants to answer, for this paper key knowledge
resources that the companies were implementing in their big data enabled service R&D projects.

The original automatic knowledge extraction objective proposed by the paper was not fully achieved, as
in the end the automatic extraction needed a better implementation, yet this processes of research is
taken as a first step and a road map for the improvement of the method.



From the manual analysis it was possible to observe some of the knowledge being implemented by the
BBC in these projects, confirming in some point that big data related knowledge as a resource is taking
importance for broadcasters and is being implemented in service. Also was detected from the 3 projects
that the big data knowledge has been used three ways, for service to the company (S2W) to improve
process efficiency, new service to their customers or service beneficiaries (52C) and new services to other
organizations (S2B).

We found that the knowledge words are related to diverse knowledge fields like distributed systems,
artificial intelligence, natural language processing and signal processing, this variety show us that for the
application of the big data technologies for innovation, the knowledge range is diverse and not previously
being used together, implying that to exploit these technologies some new skills are required which call
for action on capability building and a short term exploration for companies that are interested to exploit
the potential value of big data technologies

All these preliminary findings will help to improve the final result of this research.
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