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Abstract

The academic and professional technology communities recognize that data science and big data management are
essential methods for handling and using data in modern society for decision-making that ultimately leads to societal
improvements. These insights are applicable to the world-wide practice of public health. The purpose of this technical
review is to provide the public health decision-maker with an overview of key concepts of health database management
to help guide additional individual or workforce development in order to support public health practice. This discussion
is organized with the following subheading: Definition: Health Data Management; Data Preparation Actions; Basic SQL
Commands in Microsoft Access; and Basic Data Management Procedures. Public health workforce development efforts
that include discussion and skill-building activities dealing with issues and topics in health data management could
contribute to developing the public health competencies of all public health professionals, including those in resource-
limited settings, for the benefit of reporting disease outbreaks and other health outcomes of interest to local public
health authorities.

Keywords: Health Data Management; Data Preparation Actions; Basic SQL Commands; Microsoft Access; Basic Data
Management Procedures; Public Health Workforce

1 Introduction

The academic and professional technology communities recognize that data science and big data management are
essential for handling and using data in modern society for decision-making that ultimately lead to societal
improvements [1]. These insights are applicable to the world-wide practice of public health. For example, the World
Health Organization (WHO) Coronavirus COVID-19 Dashboard likely utilizes various data science and health data
management techniques for handling its various data sources in order to visualize data (see dashboard:
https://covid19.who.int/).

The ability of information systems to ingest different sources of data, including coded medical diagnoses and medical
procedures performed on individuals in a community, requires public health and health information management
professionals with essential database management skills [2]. However, these technical skills are not those needed by
database administrators. Rather, they are the appropriate skills necessary to handle data for public health purposes.
Some of these skills are the same that database administrators, data scientists, or data engineers require, along with an
understanding of how the data will be used in public health practice, especially in resource-limited settings.

Fifty competency domains have been identified for the effective application of health informatics, including practical
methods and abilities for using health database management systems [3]. Public health professionals with health
database management skills need to understand, for instance, the metadata that accompany any database registry used
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in connection with medical trials [4] and how to leverage this metadata in the process of creating actionable insights for
the data stored in a database registry. Eventually, the study and practice of health informatics and health information
technology adoption has been essential to real-time, population-based public health practice [5].

2  Public Health Professional Competency 1A4

The need to identify the areas of competency for public health professionals has led some to formally discuss and
identify these competencies and link them to a set of essential public health services. Examining these efforts [6] with
special attention to health information skills to support public health practice, several competencies support the
utilization of data and information in order to help plan and deliver public health services, including Competency 1A4:

Uses information technology in accessing, collecting, analyzing, using, maintaining, and disseminating data and
information

This competency is important because it has been shown to align with essential public health service, such as being able
to monitor the health status of a population in order to identify and investigate community health problems. The
competency also allows public health professionals to inform community members on pressing health issues facing
their populations.

The purpose of this technical review is to provide the public health decision-maker with an overview of the key concepts
of health database management to help guide additional individual or workforce development in order to support public
health practice. The explanation of these concepts may help public health professionals with continued skill
development activities. This discussion is organized with the following subheading: Definition: Health Data
Management; Data Preparation Actions; Basic SQL Commands in Microsoft Access; and Basic Data Management
Procedures. The implications of these topics for global public health practice are briefly considered.

3 Definition: Health Data Management

It is important for decision-makers to understand the main concepts of health data management. A functional definition
of the concept is adapted from the Encyclopedia of Public Health [7]:

Health data management comprises all activities related to the management of health data as a valuable
resource. It encompasses acquiring, entering, processing, coding, outputting, retrieving, and storing data
gathered from different areas of public health and health care. This concept embraces the validation and control
of data according to legal or professional requirements.

This definition acknowledges that health data are valuable resources for public health decision-making and for the
public health organization as a whole. Health data management is a tacit activity of a public health information system
where health data are managed. In this section, we briefly describe some important concepts of health data
management.

3.1 Principle Components of Public Health Data Management Framework

Health data are powerful tools for helping leaders to understand the health needs of a given population, the utilization
of organizational resources to address those needs, and to permit the evaluation of efforts that guide further public
health action [8]. Public health decision-makers need to have confidence that the data are accurate, consistent, and
comprehensive. Accurate health data are correct, valid, and free from error. Consistent health data are reported reliably
and in the same format over time. Comprehensive health data means that the data have been collected for the task at
hand [9]. To ensure these characteristics, a data framework is needed for most organizations (Figure 1).
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Figure 1 Principal Components of Public Health Data Management Framework

Data relied upon for public health decision-making depend on following a good data management framework. A data
infrastructure that has been constructed on sound principles is likely to yield reliable data for public health decision-
making. A public health data management framework, adapted from Trellance [10], has seven components:

3.2 Principle Components of Public Health Data Management Framework

e Data Governance which provides the overarching support to data management through stewardship, policies,
processes, standards, and adherence to leading practices.

e Data Architecture which provides the infrastructure for the storage, integration, and use of data throughout
the organization.

e Metadata which allows you to use data more efficiently by providing critical information about data attributes.

e Data Quality which provides the structure necessary to have data that fulfills the needs of the public health
organization.

e Data Lifecycle which follows the data throughout the public health organization, providing integrity from the
initial introduction into the organization through the final deletion from or storage within the public health
organization.

e Data Analytics which applies statistical and visualization techniques that lead to valuable insights that can
help the public health organization implement better public health actions.

e Data Privacy which supports the needs of the public health organization to share data both internally and
externally using agreed upon practices and electronic health information exchange protocols.

When the public health data are considered and managed using the above framework, the utilization of these data in a
public health information system is more authoritative. A multi-disciplinary team is also needed for the various aspects
of this data framework to be successful. Public health decision-makers can be confident that the data collected are
accurate, consistent, and comprehensive. Then the decision-makers can move forward with requesting health data
analytics and the interpretation of data in order to address the needs of the population and/or the organization.

4 Data Preparation Actions

In order for health data to be accurate, consistent, and comprehensive, it must be prepared for use. Data are generally
messy at the time of collection and many actions are needed to make the data ready for use. These data preparation
actions include many steps [11].
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4.1 Description of data preparation steps

e Raw Data. Extracting raw data from a database or spreadsheet. These data were obtained with no additional
cleaning or error correction having been performed. Therefore, it retains errors, missing values, omissions, and
other inconsistencies.

e File Formats. Data Scanning: Recognize the file format found in the dataset. Common file formats include
comma separated values (.csv), tab separated data (.tab), Microsoft Excel Open XML spreadsheet (.xIsx),
JavaScript Object Notation (.json), text file (.txt) and other types. This will affect data import procedures.

e General Inspection. Data Scanning: Visually inspect the data file in the computing environment. Be aware of
the values in the rows and columns as well as the completeness of data cells. Consult a data dictionary that
describes the data columns and critically access the data file for agreement with the data dictionary. Notice the
data types for each column and confirm which column is the target variable.

e Combine Datasets. Determine whether the various data files will need to be stacked or joined to form a more
complete data file.

o Reshape Datasets. Sometimes data files contain transactional data for individuals in the row, and the result is
multiple rows of data for the same person because each transaction is recorded on a row resulting in a long
datafile. The more common approach for data analysis is to utilize a datafile where each row contains data by
column name for each person. It may be necessary to reshape the data file from transaction-based/long file to
arecord-based/wide file.

o Descriptive Statistics. Data Scanning: Perform descriptive statistics on the reshaped data file to get a better
idea of the characteristics of each data column as well as the entire data file.

e Data Visualization. Data Scanning: In additional to descriptive statistics, the use of data visualization
techniques helps to better understand the data file. Data visualization may be useful in data transformation,
identifying data errors, and recoding data columns or variables.

e Data Cleanup. After scanning the data and reshaping it, important actions must be taken to correct errors in
or clean-up a data file prior to data analysis. It may also be the time to construct a new clean data file for data
analysis.

o Data Leakage. If data science methods will be used, then it is necessary to partition the clean data file (creating
a training dataset and, separately, a test dataset) that will be used for analysis. Data leakage occurs when
training data is inadvertently included in the test data.

e Missing Data. Instances of missing data will have to be addressed.

The completion of these data preparation steps within a relational database management system (RDBMS) before the
data analysis is conducted is an important part of the public health data management framework. The prior steps
contribute to assuring Data Quality in the framework. Additionally, the steps also support the Data Architecture,
Metadata, and Data Lifecycle components of the public health data management framework (Figure 1).

5 Basic SQL Commands in Microsoft Access

A discussion of health data management for the public health decision-maker should include a description of the basic
commands used in a RDBMS and also a comparison of basic data management operations performed by selected
software programs. As commonly understood, RDBMS is a collection of data tables, linked by at least one primary key
to identify a unique record. Each data table contains columns of data that align with the variables of interest from the
operational question of interest. Each data table also contains rows of data, with data for each column, and for a unique
record, or observational unit. These data columns and rows are often manipulated in a RDBMS using a database
programming language known as SQL.

The basic SQL commands used in a relational database are described below [12]. These commands are organized by
database operation, the most common of which are known by the acronym CRUD which stands for Create, Read, Update,
and Remove.

5.1 Database Operation: Creating a database

5.1.1 Create table statement

Syntax

CREATE TABLE Name

(Column Name Data type Field Size, [NULL | NOT NULL]
[optional constraints]);
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5.1.1.1 Description of statement
This is the basic syntax used to create a database table. The CREATE TABLE statement defines the table name, column
names, data types and field size.

5.2 Database Operation: Reading (or Selecting) records from a database

5.2.1 SELECT statement

Syntax
SELECT ColumnName(s)
FROM TableName(s);

Description of statement
This is the basic syntax to retrieve a record from the database table. The SELECT statement specifies the data column(s)

that are needed while the FROM statement identifies the data table containing the data column.

5.3 Database Operations: Retrieving and Grouping records from a database

5.3.1 WHERE statement

Syntax

SELECT ColumnName(s)
FROM TableName(s)
WHERE [search condition];

Description of statement

This basic syntax is used to filter records retrieved from a database table. The SELECT statement specifies the data
column(s) that are needed while the FROM statement identifies the data table containing the data column. The WHERE
statement specifies a specific condition for the retrieval of the record(s).

5.3.2 GROUP BY statement

Syntax

SELECT Column Name(v1), COUNT (ColumnName) AS Totalltems
FROM TableName(s)

GROUP BY [ColumnName (v1) for unique record];

Description of statement

This basic syntax is used to group records that have been retrieved from a database table. The SELECT statement
specifies the data column(s) that are needed, and COUNT (columnname) is used to count the rows in a column excluding
NULL values. The FROM statement identifies the data table containing the data column, and the GROUP BY statement is
used with the aggregate function COUNT to combine groups of records into a single record.

5.3.3 DISTINCT keyword

Syntax
SELECT DISTINCT ColumnName
FROM TableName;

Description of statement

This is the basic syntax to retrieve a record from the database table. The SELECT statement along, with DISTINCT
keyword is used to show values in a specific column. The FROM statement identifies the data table containing the data
column.

5.3.4 Database Operations: Updating database records

Syntax
UPDATE TableName
SET ColumnName=Value
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WHERE [search condition];

Description of statement

This is the basic syntax to update records in a database table. The UPDATE statement identifies a specific database table
that will be updated with more current data. The SET keyword specifies both the data column that will be updated and
the data value that will be inserted into the data column. The WHERE statement specifies a specific condition for the
retrieval of the record(s).

5.3.5 Database Operations: Deleting a database record

DELETE Statement

Syntax

DELETE FROM TableName
WHERE [search condition(s)];

Description of statement

This is the basic syntax to remove records from the database table. The DELETE FROM statement identifies the database
table that will be changed and the FROM statement identifies the specific record(s) that will be removed.

6 Basic Data Management Procedures

Public health decision-makers may find it useful to be knowledgeable about the basic data management tasks that are
needed to prepare data for use. There are several components of the data management process [13]:

Get and define data. Identify pertinent source data, import the data into an appropriate software package
where data management will be performed, and, using a data dictionary, define the key elements of the
imported data file in a way that will be read by the data management software package.

Combine data from various sources. Import, store, and combine various database files in the data
management software package.

Clean the data. Clean and organize the database files that will be used in data analysis, then look for anomalies
and begin the correction process, where possible.

Aggregate, select, sort, and weight cases. Continue the data cleaning process by organizing the data and
determining whether or not the entire database file will be used in subsequent analysis or if a sample of the
data are needed. Aggregate, select, sort, store, and weight cases in the database file that will be used, as needed.
Transform data. Continue with the data cleaning process and recode or transform data columns, as needed.
Address issues of missing data. Create new data variables that are ratios of data variables and are needed for
later analysis.

Restructure data for analysis. Restructure database files as needed for the expected analysis methods.
Export data and results. Export the final database file that will be used in the analysis in the file format
required by another application (e.g., IBM SPSS Statistics, NCSS, KNIME, Orange, IBM SPSS Modeler, etc.).

Software is available to perform many data management tasks and this software is capable of performing the required
tasks. The choice of which software to use depends, in part, on what was taught to the individual who will perform the
data management tasks, as well as the features of the software that are needed in the data preparation efforts. The
following table (Table 1) compares three common software packages that can perform basic data management tasks
for public health information systems.
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Table 1 Comparison of Basic Data Management Tasks Using Software for Public Health Information Systems [14]

file)

/CONNECT= ‘(insert the path to the

file)

SPSS SPSS Syntax NCSS SAS
Menu (using ODBC(C) Menu Programming
Load Data | File>Open>Data | File>New>Syntax File>Open DATA DISKIN;
(select database | GET DATA /TYPE=0DBC | (select database | INFILE 'filename.DAT";

INPUT v1 v2 v3;

As (select
format)

window, then before “OK” select
“Paste.” This will “Paste” the SPSS
Syntax into a separate window that
can be “saved” and modified using
SPSS Programming Syntax rules and
applied to any SPSS dataset when
correctly “opened.”

Save As (select
format)

database)’ /SQL = ‘SELECT * FROM RUN;
CombinedTable’.
EXECUTE
Data Analyze>Descrip | Easiest method: Utilize the menu | Analysis>Descri | PROC Sort
Screening | tive window, then before “OK” select | ptive DATA=sample;
Statistics>Explor | “Paste.” This will “Paste” the SPSS | Statistics>Data By v1;
e Syntax into a separate window that | Screening RUN;
can be “saved” and modified using PROC Print
SPSS Programming Syntax rules and Data=sample LABEL;
applied to any SPSS dataset when By v1;
correctly “opened.” ID ids;
VAR v2v3
FORMAT v2 v3 3.0;
RUN;
Describe | Analyze>Descrip | Easiest method: Utilize the menu | Analyze>Descri | PROC Means
Data tive Statistics> window, then before “OK” select | ptive data=filename;
Descriptives “Paste.” This will “Paste” the SPSS | Statistics>Descr | VAR v1 v2 v3 v4;
Syntax into a separate window that | iptive Statistics RUN;
can be “saved” and modified using
SPSS Programming Syntax rules and
applied to any SPSS dataset when
correctly “opened.”
Recode Transform>Reco | Easiest method: Utilize the menu | Data>Transfor | SAS does not have a
Data de>Into Different | window, then before “OK” select | mation>Recode | recode command, so a
Variable “Paste.” This will “Paste” the SPSS | Transformation | series of if-then/else
Syntax into a separate window that commands must be
Transform>Reco | can be “saved” and modified using used.
de> SPSS Programming Syntax rules and
Into Same | applied to any SPSS dataset when
Variable correctly “opened.”
Data Graphs>Gallery> | Easiest method: Utilize the menu | Graphics>(mak | Title “height  and
Visualiza- | Scatter window, then before “OK” select | e selection) weight;
tion “Paste.” This will “Paste” the SPSS
Syntax into a separate window that PROC sgplot
can be “saved” and modified using data=(filename);
SPSS Programming Syntax rules and scatter x=height
applied to any SPSS dataset when y=weight;
correctly “opened.” RUN;
title;
Save Data | File>Save or Save | Easiest method: Utilize the menu | File>Save or | libname U “U:\”;

data u.class;
set sashelp.class;

RUN;
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6.1 Implications

The World Health Organization (WHO) Coronavirus COVID-19 Dashboard [ibid] relies on accurate, good-quality health
data for data analysis, reporting, and visualization for all countries. By using proper data handling methods (including
those discussed here), good-quality data will be available for health data analysis, health planning, and health data
visualization efforts in order to aid public health decision-making. Health data management, data preparation, the role
of Microsoft Access for SQL database operations, and the basic data management procedures are not unique to the public
health arena but rather take-on added significance when considered in the process of using health data for protecting
the health status of a population and sharing essential health data with other public health professionals, especially
during local outbreaks or pandemics. Public health workforce development efforts that include discussion and skill-
building activities dealing with issues and topics in health data management could contribute to developing the public
health competencies of all public health professionals, including those in resource-limited settings, for the benefit of
reporting disease outbreaks and other health outcomes of public health interest to local public health authorities. Then,
public health authorities could share good health data with national, regional, and global decision-makers for the benefit
of global public health.

7 Conclusion

Public health practice is based, in large part, on the availability and interpretation of data. These data need to be of high
quality and require careful collection, preparation, analysis, interpretation and storage. This technical review provides
an overview of key concepts of health database management. The framework for the consideration of public health data
management (Figure 1) reminds all members of the public health workforce of the critical components thatlead to data
and insights upon which public health practice can be based. This technical review may provide a user-friendly overview
to topics that can be expanded upon in a hands-on training environment for public health professionals who are
interested in pursuing and leading activities in health data management for public health action.
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