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Connecting big data to  
big insights

“In God we trust, all others bring data.”
—W. Edwards Deming

Today, it seems we are data rich and infor-
mation poor. A Harvard Business Review 
paper1 pointed out recently that a total of 

2.5 quintillion terabytes of data were generated 
every day in 2012 alone, and that it is estimated 
that as much data is now generated in two days 
as was created from the dawn of civilization. 
Furthermore, it is estimated that 90% of all the 
data in the world has been generated during just 
the last two years.2

But how much of this data is really meaningful, 
useful or actionable? As the healthcare industry 
marches on from analog to digital, we are see-
ing a massive proliferation of data sources, often 
siloed, often not talking to each other, and almost 
always created to address only a defined set of 
use cases. As clinicians, we often find ourselves 
playing the role of detective, navigating from one 
clinical system to another, piecing information 
together around our patients. While we rejoice 
that the digital era is upon us, we should be dis-
traught that we really have not been able to capi-
talize on the sheer power of the data that we have 
all around us. This article is a wake-up call—a cry 
for us as a healthcare community to comprehend 
the power of data and to actively seek the insights 

that can be garnered from the right approaches to 
big data technologies. 

With healthcare’s focus currently on value-
based care paradigms, on quality and on efficiency 
coupled with efficacy, data-driven decisions are of 
paramount importance. But there’s a saying that “a 
frog in a well cannot conceive of the ocean.” Intel-
ligent decisions are best made with enough data to 
give us rich context, a fuller view of all the param-
eters, and all the possibilities. 

However, how do we not drown in all this 
data we’re generating? How do we stay afloat 
on, swim in and surf the tremendous power of 
this valuable resource? 

A whole lot of data going on
At my institution, the University of Pittsburgh 

Medical Center, we currently have about 8.9 
petabytes of data in real-time storage, and this 
amount is doubling almost every 18 months. 
The industry is talking not just about petabytes, 
but about exabytes and zettabytes of data. Data 
worldwide is projected to explode and reach 35 
zettabytes by 2020---a 44-fold increase from 
2009.3 If you’re keeping track, a zettabyte is 
equal to 1 sextillion bytes, which is exactly 1 
million petabytes. To help put that into perspec-
tive, just 2 petabytes is equivalent to all the data 
stored in all U.S. academic research libraries.
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That’s a lot of data. 
Big data technologies present a fresh oppor-

tunity in healthcare to bring previously unfath-
omable amounts of data to life, such that we can 
transform the data to valuable insights and put 
the data to work for us. Big data technologies 
will illustrate novel ways to measure improve-
ments in quality care and patient outcomes and 
will drive efficiencies in clinical workflow with 
new insights that we did not know were possible 
to attain.

Big data demystified
Gartner’s original definition of big data 

focused on the three Vs:4 high-volume, high-
velocity and high-variety information assets 
that demand cost-effective, innovative forms of 
information processing for enhanced insight and 
decision making.

As discussed earlier, the volume of data con-
tinues to increase astronomically. Volume typi-
cally addresses “data at rest.” The velocity of 
data adds an interesting dimension, address-
ing “data in motion.” Data is coming to us at 
increasing speed, number and frequency of 
transactions. The velocity of big data needs to be 
understood, prioritized and synced up with our 
strategic needs both clinically and operationally. 
It is said that variety is the spice of life, and this 
is true for data, too. Variety addresses “data in 
many forms.” We today have at our disposal an 
amazing array of data types, and across indus-
tries, amazing insights are being derived from 
text, geo-locations, log files, sensor and human 
generated data of various sorts. Data is now a 

rich organizational asset – a healthcare entity’s 
“natural resource” that is waiting to be tapped. 

Data pundits are also focusing on additional V’s 
in defining big data. One is veracity. The argument 
is that big data comes in such a diverse range that 
quality and security become big focal points for 
verification of the data. Veracity, hence, addresses 
“data in doubt,” the uncertainties due to data incon-
sistencies, ambiguities and latency. As we extract, 
transform and load (ETL) big data into enterprise 
data warehouses, verification of quality and com-
pliance becomes an important aspect of addressing 
the veracity of big data. 

Value is also sometimes cited as an additional 
V. Deriving value out of insightful analytics 
that could impact care processes and outcomes 
is an important, and often the most critical, goal 
of efforts related to big data. The promise of the 
value, especially in healthcare, is one of a tre-
mendous wave of innovation, progress, growth 
and new care models,from the insights derived 
out of big data. 

The term “big data” refers to datasets whose 
size is well beyond the ability of traditional data-
base software tools to capture, store, manage and 
analyze.5 The term also refers not just to the data 
itself, but also to an emerging set of technologies 
being developed to handle this massive collec-
tion of data stores. Traditionally, we have been 
using relational database management systems 
(eg, SQL) and desktop statistics and visualization 
packages to analyze and synthesize data. But as 
data has grown in every conceivable parameter, 
these relational database management systems 
have proven to be inadequate. 

This article is a wake-up call — a cry for us 
as a healthcare community to comprehend 
the power of data and to actively seek the 
insights that can be garnered from the right 
approaches to big data technologies.  
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Dealing efficiently with big data instead 
requires massively parallel software running on 
tens, hundreds, and even thousands of servers. 
While relational databases perform transaction 
update functions very well, they struggle with 
the efficiency and efficacy of certain tasks key to 
big data management. Big data technologies (eg, 
NoSQL) are able to scale much better to very 
large sizes and are able to handle a wider array 
of data formats, including unstructured data for 
the types of searches we have now become used 
to using modern day search engines. Online 
search and social networking companies such as 
Google, Facebook and Amazon were the first to 
move away from relational databases, and they 
have not looked back. There has since been tre-
mendous development in these technologies, 
with platforms such as the Hadoop file system, 
MapReduce programming language, and asso-
ciated databases such as Cassandra and HBase. 
Healthcare has notably been slow to adopt these 
big data technologies, and the opportunities to 
leapfrog the generation of meaningful insights 
from the data we have are tremendous.  

Cloudy with a chance of big insights
We have established that we are seeing a 

massive tsunami of data across the board. At 
the same time, however, the massive compu-
tational power required to crunch big data is 
now becoming increasingly accessible through 
cloud technologies. Hence, what we have today 
are massive computational capabilities, made 
more easily accessible, deployable and doable 
because of the cloud. This explosive combina-
tion offers us the potential to transform health-
care in ways we have not even begun to dream 
about. Big data enabled by cloud technologies 
could provide us with new insights –clinically, 
operationally and in research---even as we focus 
on diagnostics across complex and challeng-
ing chronic illnesses and look at populations of 
patients in an increasingly dynamic and cost-
conscious healthcare environment that is all 
about accountable care and value based care. 
Managing, analyzing, visualizing and extract-
ing useful information is becoming increasing 
sophisticated yet doable. The road ahead is an 
exciting one, and we will only be limited in what 
we do with the data by the boundaries of our 
imagination.

Cloud computing is a natural evolution of the 
widespread adoption of virtualization, service-
oriented architecture (SOA) and utility comput-
ing.6 Cloud offers high computing capabilities 
to process massive amounts of data for things 
such as 3D imaging, so we need not be tethered 
to an expensive, high-end advanced visualiza-
tion workstation in a corner of the hospital. 
The cloud empowers anywhere access to 3D 
views and more, across literally any device, and 
enables a radiologist to collaborate with a vascu-
lar surgeon, leveraging capabilities to compute 
and batch process algorithms on large volume 
sets located literally anywhere across the world.

Data as an asset
Data is an invaluable resource. In many ways, 

the very essence of the conversation around data 
management has shifted with the availability of 
big data tools and capabilities. The debate today 
is less about whether we can afford to store 
information, and more about whether we can 
actually afford to throw it away. With big data 
technologies now at our fingertips, and the cost 
of data storage having dropped dramatically 
over time, data in most instances should not be 
discarded. The focus today is moving from pro-
cessing volumes of data that perhaps were just 
not previously practical to store to dealing with 
massive amounts of data at a time, detecting 
insightful metrics and responding quickly. 

The ability to run deep analytic queries on 
huge volumes of structured and unstructured 
data is a big data challenge.  It requires massive 
parallel-processing data warehouses and pur-
pose-built appliances for deep analytics, as well 
as capabilities around natural language process-
ing (NLP) that are continuing to be perfected.  
Big data isn’t just about data at rest – it’s about 
data that is also in motion.  Streaming data rep-
resents an entirely different big data problem -- 
the ability to quickly analyze and act upon data 
while it’s still moving. There has been much 
progress in this area, and the possibility of cor-
relating data elements such as hours (or months) 
of live waveforms from the ICU with other types 
of data across the healthcare enterprise is an 
exciting one. 

There is a merging of traditional and big data 
approaches to handling these data elements. 
If the traditional approach was structured and 
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repeatable analysis, the big data approach is one 
of iterative and exploratory analysis. Big data 
then delivers a fluid platform to enable creative 
discovery, and the user (eg, clinician, adminis-
trator or analyst) explores the facets and dimen-
sions around the many ways intelligent insights 
could be asked or derived. 

The opportunity at hand is to be able to scan 
these massive stores of data and connect them 
with other types of data that may be able to pro-
vide new insights and meaning. Correlating clin-
ical data with cost, outcomes and performance 
data, and then tying these to evidence-based 
guidelines and clinical best practices, could 
reveal entirely new insights and opportunities to 
continue to push the needle forward with newer 
care models. 

Gardeners of big data
Getting insights from data requires some level 

of ground work. Much like how a gardener sows 
his seeds, and cares for and nurtures his garden, 
managing data, especially at scale, requires 
some discipline and, arguably, a good deal of 
passion. 

Managing data entails having disciplined 
methodologies around data integration, data 
governance, and data quality, security and infor-
mation lifecycle management. Like gardeners, 
data stewards may need to do some weeding 
and pruning before data analysts and data sci-
entists can start harvesting from data farms. The 
crops of data may yield insightful ingredients 
that cooks, professional or otherwise, may then 
want to conjure together into an appetizing and 
nutritious meal. With the right set of tools and 
capabilities, data analysts and data scientists 
can serve up the right capabilities for clinicians, 
administrators and technologists to glean truly 
meaningful insights. What’s perhaps even more 
interesting is the movement towards self-service 
capabilities, where front-line users, such as cli-
nicians, can have direct access to simple tools 
that can yield tasteful and actionable informa-
tion visualizations with minimal effort. 

What’s the future of big data? 
I believe the value of big data will rise expo-

nentially, especially as ways to tame its veracity 

continue to be addressed alongside well-estab-
lished methodologies to deal with its volume, 
variety and velocity. 

“Big data” not only changes the tools we can 
use for predictive analytics, it also changes our 
entire way of thinking about knowledge extrac-
tion and interpretation. There’s been much 
development in artificial intelligence, machine 
learning, deep learning and what is now being 
called cognitive computing. Machine learning is 
to big data as human learning is to life experi-
ence: We interpolate and extrapolate from vast 
past experiences to deal with specific unfamil-
iar situations. Machine learning with big data 
will duplicate this behavior, at massive scales. 
Big data coupled with the “pattern recognition 
at scale” capabilities of machine learning will 
allow us to program systems to automatically 
learn and to improve with experience, such as 
learning to predict which patients will respond 
best to which treatments, by analyzing multiple 
streams of data and experience at scale, often 
in real time. This will continue to allow us to 
develop algorithms that discover general con-
jectures and knowledge from specific data and 
experience, based on sound statistical and com-
putational principles.  

Indeed, the future ahead could look nothing 
like the past we left behind. 
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