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Abstract. Big data is becoming increasingly more prevalent and it affects the way 
nurses learn, practice, conduct research and develop policy. The discipline of 
nursing needs to maximize the benefits of big data to advance the vision of 
promoting human health and wellbeing. However, current practicing nurses, 
educators and nurse scientists often lack the required skills and competencies 
necessary for meaningful use of big data. Some of the key skills for further 
development include the ability to mine narrative and structured data for new care 
or outcome patterns, effective data visualization techniques, and further integration 
of nursing sensitive data into artificial intelligence systems for better clinical 
decision support. We provide growth-path vision recommendations for big data 
competencies for practicing nurses, nurse educators, researchers, and policy 
makers to help prepare the next generation of nurses and improve patient outcomes 
trough better quality connected health. 
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1. Introduction 

The discipline of nursing is charged with several core missions, including: protecting, 
promoting and optimizing human health and ability; alleviating suffering by diagnosing 
and treating the human response; advocating for individuals, families, communities, 
and populations; and preventing injury and illness [1]. Nursing informatics (NI) 
incorporates the science of nursing with information, technological, communication 
and analytical sciences to support the integration of data, information, knowledge, and 
wisdom into the provision of evidence-based nursing care [1].  

The concept of big data became widespread around 2010 [2] and is often defined 
by the “4Vs”: Volume, Velocity, Variety, and Veracity [3]. Volume refers to the large 
amount of data, e,g., millions of patients records or detailed genomic data. Velocity 
refers to the rate of high-frequency, real-time generated data, such as data from 
smartphones and sensors devices. Variety refers to the heterogeneity of the data, e.g., 
structured, semi-structured, and unstructured data, such as electronic health records 
(EHRs), monitoring devices, genomics, sensors, imaging, claims data, social media, 
patient generated data, and others real time data. Veracity is the uncertainty of the data, 
either in terms of accuracy of the data for the original purpose for which the data were 
collected or appropriateness of the data for secondary use. Recently, an additional fifth 
“V” was suggested for Value, representing the value of information extracted from the 
data leading to knowledge discovery [4, 5].  
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The scholarship of working with data is known as data science and it draws on 
knowledge and theories from multiple disciplines, including nursing. Big data science 
uses a variety of methods for analyzing data from traditional statistics to visualization 
techniques, data mining, and natural language processing [3]. Use of big data is 
assuming a critical role in healthcare analytics as the complexity and variety of data 
available are increasing. In addition, advanced computational methods and tools to 
analyze big data are increasingly more available. However, nursing relevant big data 
applications and research are still in their infancy, often because they require a rare 
combination of multidisciplinary skills in computer science, statistics, mathematics, 
and health informatics. There is an urgent need in further understanding and 
recommendations on what nurses need to learn in order to be competent in data science 
and analytics. Once NI research is able to incorporate data that represent the “5Vs” into 

research, education and practice, nurses have the potential to achieve better outcomes 
for populations and individuals.  

This chapter aims to identify competencies necessary for big data management and 
analytics, and provide recommendations concerning policy, educational, research, and 
practice needs related to big data. We understand that some of the identified 
competencies might present a challenge for practicing nurses and educators today; 
nevertheless, we strongly believe that our recommendations will provide a growth-path 
vision for nurses of the near future practicing in the realm of connected health.   

2. Big data types and data processing steps 

Health data is the raw and uninterpreted object that contains health attributes or 
characteristics [6]. In order to manage data effectively, nurses need to understand 
several basic concepts presented below:  
a) Types of data: data can be divided in two generic types: qualitative (or 

categorical) and quantitative (or numeric). Commonly, qualitative data can be 
represented as nominal/ ordinal/ or free-text values whereas quantitative data 
can have interval/ratio/dichotomous or discrete values. Health data are often 
highly heterogeneous, such as electronic health records data that include lab 
values, narrative notes, diverse time points and large number of medical 
abbreviations. This data is also often quite messy with missing values, noise, 
outliers, inconsistencies, duplicate concepts, and might contain other types of 
human or system errors (e.g., misspellings or erroneously recorded time points). 
Thus, knowledge domain expertise needed to evaluate the quality of health data. 

b) Data processing steps: an individual or an organization using health data need 
to have a clear understanding of the data use goals and the analytic methods 
they might want to apply. Then, the data needs to be pre-processed and 
prepared for the analysis. These steps may include: aggregation, sampling, 
dimensionality reduction, feature selection, feature creation, discretization, 
binarization, transformation and so on. Another import part is de-identification 
of data. With big data sets usually containing all health information from a 
person, additional security measures should be implemented to preserve 
patient’s privacy and confidentiality. For instance, data about rare conditions 
may be discarded or grouped to prevent potential individual identification. A 
similar situation can occur if a specific condition is related to a postal code, 
leading to identification of an individual. 
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Nursing informaticians expertise, with the domain knowledge of health problems 
and implications of data for these problems, is crucial in driving more intelligent 
models where data can be used to improve health of populations through 
implementation of best evidence-based practices. 

3. Common methods and technologies applied for big data with implications for 
nursing 

3.1 Data mining 

Data mining refers to a suite of statistical tools that enable knowledge discovery. These 
techniques help to identify novel patterns that might otherwise remain unknown in 
large data sets and diverse data types. Data mining techniques help to analyze large 
multidimensional datasets and identify relationships between different types of data. It 
is often used for data driven hypothesis generation, for example when novel 
relationships between diseases to abnormal lab findings are discovered. Data mining 
tasks are generally divided into two major categories: predictive modeling and 
descriptive tasks. In addition, data mining tasks can be supervised (e.g., when the 
outcome is known) or unsupervised (when there is no known outcome). An example of 
data mining in nursing can be found in Bowles et al. [7] where decision trees were used 
to identify factors associated with nurses post-acute care referrals. Another example is 
the Dey et al study [8] where discriminative pattern mining was used to discover 
patterns associated with improvement in homecare patient mobility.  

Data mining is becoming increasingly more prevalent and those techniques are 
being applied in everyday applications, such as traffic detection, personalized 
advertisement, fraud detection, and many others. Several existing open access data 
mining applications, such as Weka [9] and KNIME [10], can be readily utilized by 
nurses to conduct data mining and knowledge discovery with big data.   

3.2 Natural Language Processing 

Natural language processing is concerned with creating automated approaches for 
understanding human language. It is an interdisciplinary field that combines linguistics, 
computer science and informatics. One of the main goals of health oriented natural 
language processing is to create computer algorithms capable of understanding 
different types of free text data. The different types of data include narrative, clinician 
generated texts from EHRs, social media data (e.g., Twitter, Facebook, online health 
forums), patient or family generated data, and research literature, among others. The 
increasing need in natural language processing is based on the fact that about 80% of 
the data in EHRs, and up to 100% in some other data sources, is stored as free text. 

In the past several decades, a few health natural language processing systems were 
developed, mostly focused on working with texts from the medical domain.  For 
example, an open source system called cTAKES can assist in extracting symptoms 
from physician narrative notes [11]. Another system called MTERMS can assist with 
capturing information about medication dosage, route, etc. in physician notes to enable 
improved medication reconciliation [12]. 

Although nurses’ recorded clinical narratives are similar to data generates by other 

disciplines, e.g., medicine, there are several unique features that require specific 
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nursing-focused approaches. For example, when nursing narratives are analyzed, 
nursing interventions or nursing problems should be mapped to nursing standard 
terminologies (e.g., to the International Classification for Nursing Practice, ICNP). This 
mapping would allow further use of extracted data for scalable analytics or automated 
reasoning (e.g., clinical decision support). For example, when a computer algorithm is 
trained to identify patients with pressure ulcers (ICNP code 10015612) or self-
management issues (ICNP code 10022155) in a large pool of clinical notes, the system 
can generate automated nursing specific treatment recommendations (e.g., facilitate 
adherence to regime, ICNP code 10036273) or reminders for health promotion (e.g., 
provide health promotion, ICNP code 10008776). For more information on the role of 
nursing terminologies please see this book’s chapter addressing with semantics.  

Unfortunately, there are only a very few natural language processing systems that 
focus explicitly on nursing data [13]. To analyze nursing-relevant narrative big data, 
nurses will need the support and close collaboration of other disciplines, such as 
computational linguistics and computer science and understand machine learning 
methods.  

3.3 Artificial Intelligence 

Artificial intelligence is often referred to as the theory and development of information 
systems able to perform tasks that usually require human intelligence, such as visual or 
speech recognition, decision-making, and language translation. In health related fields, 
artificial intelligence systems can be used to assist in data analytics, clinical decision 
making, and diagnostics, among others. Some examples of artificial intelligence 
systems in healthcare include esophageal image recognition to enable better 
intubation [14] or genetics based predictions [15].  

In nursing, work on artificial intelligence based systems started in early 1980s 
when first rule based systems were proposed. For example, Ryan [16] described a 
development of an interesting system called COMMES (an acronym for Creighton On-
line Multiple Medical Expert System). COMMES was an artificial intelligence based 
expert system simulating a professional consultant designed to assist with nursing 
decision making about a patient condition. The system had a robust knowledge base 
and an extensive hierarchy of nursing and medical diagnoses and treatment options. 
COMMES was envisioned to be used as an educational tool for nurses, capable of 
generating diagnosis oriented care protocols and testing nurses’ knowledge. Similar 
work on nursing artificial intelligence systems was done by several other groups 
throughout the years [17-20].  

However, most of the systems proposed so far were rule based systems where an 
expert would pre-define some logical order for the system to follow. This is in contrast 
to a more probability-based systems that can do reasoning on their own, as envisioned 
by artificial intelligence pioneers. Also, there is still a wide gap between the developed 
systems and nursing practice where such systems are not common.  To create nursing-
sensitive artificial intelligence systems of a new generation, there is a need in 
thoroughly developed and tested machine learning and natural language processing 
approaches, which are scarce. Other potential domains that need to be integrated to 
produce best artificial intelligence results are speech and image recognition. Seeing the 
trends of increasing use of artificial intelligence systems in healthcare, we expect 
significant advances in this field for nursing and nurses need to be ready to integrate 
nursing knowledge into the emerging systems.   
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3.4 Visualization 

Information visualization is the study of visual representations of different data to assist 
in human cognition and decision making. Big data analytics and applications require 
appropriate visualizations to enable users to grasp the extent and sometimes the 
significance of big-data driven inferences. In healthcare, data visualization is often used 
to present patient specific (e.g., blood pressure levels over time) or population trends 
(geographical spread of zika virus over time). However, an increasing body of literature 
indicates that healthcare visualization approaches need better integration within the 
existing clinical systems. For example, a recent study evaluated the graphical displays 
of laboratory test results in eight EHRs in the U.S. None of the systems met all 
11 quality of visualization criteria and the magnitude of deficiency was significant. One 
system even presented results in reverse chronological order [21]. Similarly, there were 
a few recent studies that indicated significant problems with EHR systems used by 
nurses in terms of visualizations and usability [22]. Traditionally, nurses are used to 
working with paper charts presenting trends in patient’s condition, for example blood 

pressure, breathing, and heart rate. Big data approaches could potentially offer much 
insight and help interpret patient’s vital signs compared to the population average, for 

example. To accomplish that, nurses working with big data will need to draw from 
other disciplines, such as human computer interaction and graphic design, to be able to 
come up with appropriate visualization approaches.   

4. Big data related growth-path competency recommendations for 
nursing education, practice, research and policy 

4.1 Education 

Academic and inservice education programs in nursing should teach the concept of big 
data to students. Students need to be able to discuss big data characteristics and 
understand the increasing impact of using big data on clinical decision making. Ideally, 
students in academic nursing programs should understand the limitations and benefits 
of big data while practicing nurses should learn on how big data is used to shape 
everyday clinical practice. Nurse educators should also be knowledgeable about big 
data related concepts and their implications for students. 

4.2  Practice 

Practicing nurses should understand how to use big data to extract and apply clinically 
relevant evidence-based information in practice. Also, there is a need to be able to 
understand how to extract data from different formats and reuse it for quality 
improvement and better decision making.  

4.3 Research 

Nurse researchers need to be able to understand the big data characteristics and be able 
to collaborate effectively with interdisciplinary teams to use big data in their programs 
of research. They also need to learn about analytic tools and methods (e.g., data mining 
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and natural language processing) that assist in working with big data. More efforts 
should be spent on data quality validation and merging different data formats/types 
together for further use in clinical decision making.   

4.4 Policy 

Nursing policy makers should be able to use big data to visualize the effect of nursing 
on patient outcomes. Also, there is a need to start building comprehensive national and 
international data pools that are capable of storing different data types. The large data 
storages can help design nursing relevant policies that work (e.g., identify the ideal 
number of patients per nurse during the hospital shift to achieve best outcomes).   

Table 1 provides an overall summary of growth-path vision recommendations for 
entry level and advanced level nurses.  

 
Table 1: Big data growth-path vision competency recommendations for entry and advanced level nurses. 

Entry level nursing competencies 

Nurses should understand the types and sources of data captured by the information systems, including data 
quality, type (e.g., structured data, free text narratives, etc.) 
Nurses should understand the importance and value of data for nursing care. 
Nurses should develop and apply critical thinking when using the data in clinical decision making. 
Nurses should be able to communicate with multidisciplinary teams to use data for enhanced clinical decision 
making. 

Advanced level nursing competencies 
Nurses should understand the big data characteristics and be able to collaborate effectively with 
interdisciplinary teams to use big data in their programs of research.  
Nurses should learn about analytic tools and methods (e.g., data mining and natural language processing) that 
assist in working with big data. 
Nurses should use data quality validation techniques to merge different data formats/types together for 
further use in clinical decision making. 

 

5. Conclusion 

Big data, with all its complexity, is becoming increasingly more prevalent and it affects 
the way nurses learn, practice, conduct research and develop policy. The discipline of 
nursing needs to maximize the benefits of big data to advance the vision of promoting 
human health and wellbeing. However, current practicing nurses and nurse scientists 
often lack the required skills and competencies necessary for meaningful use of big 
data. Some of those key skills for further development include the ability to mine 
narrative and structured data for new care or outcome patterns, effective data 
visualization approaches, and further integration of nursing sensitive data into artificial 
intelligence systems for better clinical decision support. We hope that our big data 
competencies recommendations’ for practicing nurses, nurse educators, researchers, 

and policy makers will provide a vision for the growth-path and help prepare the next 
generation of nurses to improve patient outcomes trough better connected health.  
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