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Abstract. Electronic Health Records (EHRs) have been identified as a key tool to
collect data for healthcare research. However, EHR data must be of sufficient
quality to support quality research results. Island Health, BC, Canada has invested
and continues to invest in the development of solutions to address the quality of its
EHR data and support high quality healthcare studies. This paper examines Island
Health’s data quality engine, its development and its successful implementation.
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1. Introduction

Reliable/quality data is foundational to quality research results [1, 2]. This brings us to
the question what is data quality and how do we measure it? Data quality is the
assessment of data to determine its viability or fitness for a given purpose [3-7]. A
proper assessment of data quality will examine the data from several perspectives or
dimensions including validity, accuracy, completeness, relevance, timeliness,
availability, comparability, consistency, duplication, integrity and conformity [8]. Any
organization that values or places significant importance on its data and information
assets from an operational or strategic perspective needs to examine and measure its
data quality. In health care, where the electronic health record has a direct impact on
patient care, this must be stressed. Evaluation frameworks are essential to this [9, 17].

2. Foundation Elements for Data Quality

For an organization to address data quality, certain foundational elements are required
that provide support to accomplish this goal. These include Organizational
Commitment, Master Data Management, Metadata Management and other aspects of
data architecture necessary to support information system [3, 5, 6, 8]. Data quality is
dependent on data architecture for defining the information within the business systems.
In some aspects, data quality can be considered part of data architecture as the
definition of the data and the rules applied to that data are where the assessment of data
quality begins. A proper review of these areas is not within the scope of this paper but
understanding the need for these components is necessary.
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2.1. Organizational Commitment

To support data quality, an organization must undertake the development of processes
to capture, measure and take corrective action. To do this, a commitment must be
present at the highest levels of an organization to foster a culture of quality [6].
Without the recognition that data quality is critical to the organization, it will never be
possible to address data quality issues, as no organizational support will exist.

At Island Health it was recognized that data quality is a concern not only at the
level of direct patient care but also for the management of health services. To support
this, Island Health began the development of a system to capture, measure and report
on data quality several years ago. Efforts within the organization to develop procedures
to address data quality have always existed and continue to this day.

2.2. Data Architecture and Metadata

Data architecture involves defining the data and its management within an organization
and its information systems [11, 12]. The information captured as part of data
architecture is the foundational metadata that data quality is built upon. All computer
information systems have metadata, if only at the minimum level of a relational
database data dictionary. For any attribute of a computer system, it is necessary to
define what that attribute is, what it represents, how it is used, how it relates to other
attributes and what represents valid use of that attribute.

Extensive metadata standards exist [10] and are managed by multiple
organizations. The health profession is supported by many of these such as the
Canadian Institute for Health Information [15, 16] or the World Health Organization
with extensive resources available from them. These resources are a valuable asset and
provide information for the development and support of data quality.

For the purposes of capturing data quality we need metadata [4, 10, 13] in order to
define the data quality rules and measures. The definition of the business entity
containing the error down to the field attribute has to exist in our metadata repository.
Island Health has developed a metadata management tool and is moving forward with a
commitment to this system inclusive of data quality.

2.3. Master Data Management

Master data management is the term applied to the governance of the critical data of an
organization [17, 18, 19]. This involves policies, standards and processes to manage the
base reference data of corporate computer systems. Within healthcare there is a strong
culture of master data management represented in the foundational standards that our
health systems are based upon. These include standards such as ICD-10-CA [15, 16],
The Canadian Classification for Health Interventions (CCI), Residential Care
Assessment (RAI-MDS 2.0) and many more.

The health profession has long supported standards for capturing and measuring a
patient’s health even prior to the development of health information systems. These
standards have continued to support systems such as our Electronic Health Records and
are an invaluable resource.

2.4. Data Profiling

Though not a foundational component, an early step in developing a data quality
system and a valuable tool in its development is data profiling [4, 5, 9, 14]. This
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involves the systematic evaluation of data and information for a business application.
Several commercial tools are available that provide data profiling abilities. In its most
basic form, this can be done directly with SQL against the data although this can be
cumbersome and difficult.

Data profiling will typically examine individual data fields in a business system
and provide information on the mean, mode, standard deviation and other aspects of
those fields. For character data it can provide pattern analysis and frequency counts and
is frequently used for fields such as postal codes or phone numbers. In more
sophisticated analysis it can examine multiple fields to view relationships between
them or compare data against reference information and patterns [21]. The purpose of
data profiling is to tell us what our data is. Combined with the other foundational
elements that define what our data is supposed to be, we have all the pieces necessary
to build a data quality system.

3. A Case Study- Island Health Authority Data Quality Engine

Island Health built its data quality system inside its business intelligence and data
warehouse. This is a practical and versatile approach as it is unconstrained by the
source computer systems and allows the evaluation of data quality across multiple
business areas with no impact to the source system. The data quality system begins
with the metadata catalog. This follows the design suggested by both Maydanchik and
Olson [3, 4]. The catalog is a hierarchical database structure as shown in Figure 1
where information objects are stored in a parent-child relationship inside the metadata
object table with descriptive information in a child attribute table. These attributes
follow defined standards and are based on the type of metadata object they relate to. As
an example a database column would have attributes representing column name,
definition, datatype, valid values, reference domain information or business rules
governing its use.

Metadata Repository Data Quality Engine

Metadata Object Data Quality Rule DQ Rule Results

Data Warehouse Source Tables

Emergency_Encounter Patient
PK | Encounter_id PK | Patient ID
Metadata Admit_Date Name
j i Birthdate
Object Triage_Date
i isch Gender
Attributes Discharge_Date Gender
Facility ‘
Primary_Diagnosis City
i Le Postal_Code
e Province
DW_SEQ_ID e o
DnpRoc oA DW_PROCESS_DATE

Figure 1. Metadata Repository, Data Quality Engine and Data Warehouse.

The metadata catalog is a repository of information that describes the business
systems and data used by Island Health. An example of elements stored in the catalog
would be a patient or emergency encounter table as shown in Figure 1 along with the
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individual columns in these tables. Metadata could also include business rules that
stipulate that an encounter cannot exist without a patient or an admit date, that a patient
record must have both birthdate and gender populated, or that an admit date can’t be
after the discharge date for an encounter.

The data warehouse replicates the data from Island Health source systems. The
source system tables in our metadata catalog are represented in the data warehouse
allowing for analysis and reporting on this data. That analysis includes evaluation of
the data by the data quality engine.

This analysis is enabled by the capabilities within the data warehouse. Every table
that is represented in the data warehouse has additional columns added for auditing and
processing purposes. These include a data warehouse timestamp and a unique record
identifier DW_SEQ _ID that is distinct for every source record in the database. By
leveraging this identifier it becomes possible to identify every record and every data
quality error associated to that record in the database.

The Island Health data quality system is a rule-based process [3, 4, 5] where
source system data is evaluated against a series of validation rules stored in the data
quality rule table. These data quality rules are SQL expressions that select the unique
identifier for the source record, the date the rule violation was identified, the date it was
corrected and the rule it violates. This data is captured and stored in the system.

Using the captured data quality errors, Island Health has built a data quality star
schema based on Kimball’s design [6, 7] to provide performance metrics for the
management of data quality within Island Health as shown in Figure 2. This star
schema is used to provide analysis and reporting of our data quality and is the final
component of the data quality system. Error analysis and reporting is possible by date,
data quality rule and metadata repository object.
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D_Metadat_Information_Object =
PK | Date_Dim_Key b
- - " PK id
PK Object_Dim_Key
Date_Value Object N Admit_Date_Dim_Key
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Date_Sequence Facility_Dim_Key
Calendar_Year Primary_Diagnosis_Dim_Key
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Month_ID F_Data_Quality DW_SEQ_ID
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Figure 2. Error star schema and associative star schema structures.

Equally important to our data quality star schema are the associative structures.
These are built into the system and relate our data warehouse dimension and fact tables
to our data quality dimension as in Figure 2 for Patients and Encounters. By leveraging
the unique DW_SEQ _ID we can relate our data quality rules to the records that violate
the rule and allow us to report on our errors by dimension or fact table.
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4. Island Health Home and Community Care Implementation

Island Health has successfully employed its data quality system in support of multiple
business areas. The data quality system was first deployed in home and community
care in order to capture and identify data issues related to provincially mandated
reporting. The home and community care area benefits from a number of well-
documented standards and supporting systems. These include standardized assessments,
service provisions and well-documented business practices, all of which provided
extensive supporting metadata.

Part of the provision of home and community care services is mandated reporting
at both federal and provincial levels. This reporting is well defined and requires high
(95%) levels of acceptance for quality testing. To meet these requirements, Island
Health utilizes its data quality system to examine its patient demographics, financial
assessments and service provision information. Currently over 100 individual
validation tests are performed on this data. These tests are performed at a field level,
record level and across tables to validate the information. Even systematic checks (21),
such as those performed in evaluation of patient assessments in long term care facilities,
are possible, although that particular study is more conducive to a profiling exercise.

To address the data quality issues and support improved reporting and analysis, the
home and community care area initiated a business process whereby their data is
assessed on a regular basis. All data is evaluated against the data quality rules and the
results are captured and stored in the system. Any records designated as having failed
validation are reported back to the business area and distributed to the responsible staff
for correction. Once corrections have been made the data is re-assessed and submitted.
The results of provincial reporting for 2016 are shown in Table 1. Currently Island
Health data for home and community care has an acceptance rate of better than 99.9%.

Table 1. Home and Community Care Submission Errors by Record Type

PATIENT INFORMATION SERVICE INFORMATION FINANCIAL INFORMATION

SUBMISSION Total Accepted Rejected Total Accepted Rejected Total Accepted Rejected
2016

JANUARY 28 14741 14719 22 20076 20059 17 10219 10206 13

FEBRUARY 25 15366 15353 13 20909 20898 11 10798 10788 10

MARCH 31 15786 15772 14 22099 22083 16 10857 10847 10

APRIL 21 14789 14776 13 19350 19338 12 10572 10563 9

MAY 19 15539 15527 12 21189 21178 11 10806 10798 8

JUNE 16 15348 15337 11 20846 20835 11 10566 10558 8

JULY 14 15381 15371 10 20822 20816 6 10578 10572 6

AUGUST 11 15254 15244 10 20475 20469 6 10555 10550 5

5. Discussion and Conclusion

The development of a data validation system inside Island Health shows what is
possible for an organization to achieve in the area of data quality. A rule based system
to examine electronic health records built upon quality metadata standards and data
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profiling can validate an organizations data for reporting, research, analysis and the
provision of patient care.

The data validation system employed at Island Health has identified errors in all
aspects of the Electronic Health Records. Those errors have been and continue to be
addressed. Patient demographic, assessment and service records have all had data
quality issues identified and those errors have been corrected. Even system related
errors in the calculation of assessment measures and data conversion issues have been
identified as part of this process.

The commitment of Island Health staff in the home and community care area is an
example of what can be achieved with a culture dedicated to data quality. The initiation
of system processes to validate data quality combined with formal business processes
to distribute and correct validation errors shows the support of management and staff
towards data quality.
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