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Healthcare Data, Information and Knowledge 

Healthcare Data, Information and Knowledge: How to use healthcare data to fuel 

modern health care organizations. 

Significance of Information Systems: how information technology enables patient 

care, how information technology is used by healthcare providers. 

Learning Objectives 

 Define Data, Information, and Knowledge  

 Understand how vocabularies convert data to information  

 Describe methods that convert information to knowledge  

 Distinguish informatics from other computational disciplines, particularly 

computer science  

 Describe the differences between data-centric and information-centric 

technology 
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The amount of healthcare data being generated in today’s information age and 

digital-first economy is unrivaled. The healthcare industry alone generates 30% of 

the world’s data volume. That amount of data leads to incredible opportunities and 

daunting challenges.  

On one hand, if stored, managed and accessed at a high level of sophistication, data 

can inform exceptional patient experiences. 

On the other, that amount of data can create headaches for healthcare providers 

when the data exists in multiple disparate sources, is missing or outdated, is 

difficult to access, or is too complex to understand.  
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Rapid digitization, heightened competition, a global pandemic and other disruptive 

forces have dramatically transformed patient expectations. Today’s patients expect 

personalized, seamless and digitally- enabled experiences across the entire patient 

journey – from the moment care is needed, to post-operative care. Data must 

enable and empower every step of the journey. But where do you start? 
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Data, Information, Knowledge: Definitions and Concepts 

 Data are observations reflecting differences in the world (e.g., “162.9”). 

Note that “data” is the plural of “datum”. Thus, “data are” is grammatically 

correct; “data is” is not correct.  

 Information is meaningful data or facts from which conclusions can be 

drawn (e.g., ICD-9-CM
1
 code 162.9 = “Lung neoplasm, Not Otherwise 

Specified”).  

                                                           
1 International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) 
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 Knowledge is information that is justifiably believed to be true (e.g., 

“Smokers are more likely to develop lung cancer”). 

Data 

Computers do not represent meaning. They input, store, process and output zero 

(off) and one (on). Each zero or one is known as a bit. A series of eight bits is 

called a byte. Note that these bits and bytes have no intrinsic meaning. They can 

represent anything.  

Bits within computers are aggregated into a variety of data types. Some of the most 

common data types are listed below:  

Integers such as 32767, 15 and -20. And, floating point numbers (or floats) such as 

3.14159, -12.014, and 14.01; the floating point refers to the decimal point  

Characters “a,” and “z” or (Character) Strings such as “hello” or “ball”  

Note that these data types do not define meaning. It does not matter whether 

3.14159 is a random number or the ratio of the circumference to the diameter of a 

circle (known as Pi or π).  

Converting Data to Information to Knowledge 

We live in the real world that contains physical objects (e.g., aspirin tablet), 

people (e.g., John Smith), things that can be done (e.g., John Smith took an 

aspirin tablet) and other concepts. In order to do useful computation, one has to 

segregate some part of the physical world and create a conceptual model.  

The conceptual model is used to design and implement a computational model. 

The real world contains a person, John Smith. There are many other things in the 
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real world including other people, physical objects, etc. There are many things 

that we can say about this person, they have a name, height, weight, parents, 

thoughts, feelings, etc. The conceptual model defines what is relevant; everything 

that is not in the conceptual model is therefore assumed to be not relevant. 

1- Data to Information 

The next step is to convert data into information. Consider the example, “162.9” is, 

in and of itself, meaningless (i.e., it is a data item or datum). However, ICD-9-CM 

gives us a way to interpret 162.9 as “Lung neoplasm, not otherwise specified.”  

However, associating ICD-9-CM 162.9 with a patient record labels the patient 

record (and thus the patient) as having “Lung neoplasm, not otherwise specified.” 

Of course, one could design systems that turn data into information without using 

vocabularies. 

2- Information to Knowledge 

Multiple methods have been developed to extract knowledge from information. 

Note that it would not make sense to directly convert data (which by definition are 

not meaningful) to knowledge (justified, true belief).  

Thus, information is required to produce knowledge. Transformation of 

information (meaningful data) into knowledge (justified, true belief) is a core goal 

of science.  

Clinical data warehouses (CDWs) are described that are often the basis for 

attempts to turn clinical information into knowledge, as well as methods for 

transforming information into knowledge. 
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Clinical Data Warehouses (CDWs) 

Clinical data are collected via electronic health records (EHRs). Clinical records 

within EHRs are composed of both structured data and unstructured or (free text). 

Structured data may include billing codes, lab results (e.g., Sodium = 140 mg/dl), 

problem lists (e.g., Problem #1 = ICD-9-CM 162.9 = “Lung Neoplasm, Not 

Otherwise Specified”), medication lists, etc.  

In contrast, free text is simply human language such as English, called natural 

language processing (NLP). Clinical notes are often dictated and are represented in 

records as free text in both computer science and informatics. 

 From an informatics perspective, structured data is much easier to manage – it is 

computationally tractable. Ideally, but not always, these data are encoded using a 

standards.  

EHRs are designed to support real-time updating and retrieval of individual data.  

Data from multiple sources including one or more EHRs are copied into a staging 

database, cleaned and loaded into a common database where they are associated 

with meta-data.  

Once loaded into a CDW, a variety of analytics can be applied and the results 

presented to the user via a user interface.  

Examples of simple analytics include summary statistics such as counts, means, 

medians and standard deviations. More sophisticated analytics include associations 

(e.g., does A co-occur with B) and similarity determinations (e.g., is A similar to 

B). 
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What Makes Informatics Difficult? 

 


