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a b s t r a c t

Purpose: Data generated in the care of patients are widely used to support clinical research and quality
improvement, which has hastened the development of self-service query tools. User interface design for
such tools, execution of query activity, and underlying application architecture have not been widely
reported, and existing tools reflect a wide heterogeneity of methods and technical frameworks. We
describe the design, application architecture, and use of a self-service model for enterprise data delivery
within Duke Medicine.
Methods: Our query platform, the Duke Enterprise Data Unified Content Explorer (DEDUCE), supports
enhanced data exploration, cohort identification, and data extraction from our enterprise data warehouse
(EDW) using a series of modular environments that interact with a central keystone module, Cohort Man-
ager (CM). A data-driven application architecture is implemented through three components: an applica-
tion data dictionary, the concept of ‘‘smart dimensions’’, and dynamically-generated user interfaces.
Results: DEDUCE CM allows flexible hierarchies of EDW queries within a grid-like workspace. A cohort
‘‘join’’ functionality allows switching between filters based on criteria occurring within or across patient
encounters. To date, 674 users have been trained and activated in DEDUCE, and logon activity shows a
steady increase, with variability between months. A comparison of filter conditions and export criteria
shows that these activities have different patterns of usage across subject areas.
Conclusions: Organizations with sophisticated EDWs may find that users benefit from development of
advanced query functionality, complimentary to the user interfaces and infrastructure used in other
well-published models. Driven by its EDW context, the DEDUCE application architecture was also
designed to be responsive to source data and to allow modification through alterations in metadata
rather than programming, allowing an agile response to source system changes.

� 2014 Elsevier Inc. All rights reserved.

1. Introduction

Many healthcare organizations have created integrated data
repositories to organize and store data generated in the care of

patients for secondary analysis [1–3]. Traditionally, these data
have been provided to researchers following consultation with
database analysts, who translate requirements into structured
query language (SQL) queries that return data extracts. However,
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this method is time-consuming, does not scale easily, and often
does not allow clinician researchers or quality improvement per-
sonnel to intervene during data exploration in order to match pro-
ject and research objectives.

A self-service query interface can alleviate these issues, allow-
ing users to access data without first needing to understand the
underlying database structure [1–3]. However, such an interface
must ensure a consistent environment for data exploration and
related activities by users and provide a robust framework for
complex query concepts. Despite the importance of this topic,
issues surrounding the design of a user-friendly query interface,
query path, and underlying application architecture have received
scant attention in the literature, likely reflecting the wide hetero-
geneity of available methods and technical frameworks [4–7].

In this paper, we discuss the design, application architecture,
and implementation of Cohort Manager (CM), the keystone module
within the Duke Enterprise Data Unified Content Explorer
(DEDUCE) self-service data access portal, and its context in the
overall application modular design. CM allows subject–area-span-
ning cohort definition, combination of cohorts from multiple que-
ries, and data extract definition in a Web-based environment. We
describe our framework for presenting complex query design
options to users, the application architecture supporting this
framework, and the product’s usage patterns to date.

2. Materials and methods

2.1. Duke Medicine enterprise data warehouse

The Duke Medicine enterprise data warehouse (EDW) stores
and interrelates data generated in the care of the approximately
4.3 million patients in our health system, comprised of three hos-

pitals and a wide network of affiliated outpatient primary care
and specialty clinics. Retrospective data extend back to 1996. The
EDW is a dimensionally modeled, standards-based database orga-
nized into multiple high-level subject areas such as demographics,
encounters, provider orders, procedures, diagnoses, lab results,
medications, vitals, radiology reports, and pathology reports. A
series of extract-transform-load (ETL) processes integrate data
from source systems to ensure consistency and quality and to min-
imize redundancy. The EDW is supported by a team of more than
25 staff, and has been described previously [8].

2.2. Rationale for a simple, self-service ‘‘Guided Query’’ tool at Duke
Medicine

Individual consultation with data analysts had typically been
required for obtaining clinical data extracts for research and qual-
ity improvement tasks at our organization, but the number of
requests exceeded available resources, and wait times for service
increased. To address this issue and support a sustainable mecha-
nism to facilitate access to data, we developed a Web-enabled
business intelligence environment called DEDUCE Guided Query
(GQ), which allows researchers and quality improvement person-
nel direct access to EDW data. Specifically, DEDUCE GQ allows
users to apply filter criteria to one clinical subject area at a time
in a wizard-like setting to obtain both aggregate reports and pre-
designed raw data extracts from the EDW, with protected health
information (PHI) available as appropriate [8]. DEDUCE v1.0, with
GQ as the centerpiece, was deployed in August 2008 within the
Cognos Business Intelligence (BI) platform (version 8.2; IBM,
Armonk, NY, USA).

2.3. Development of DEDUCE as a modular design for more
sophisticated enterprise data delivery

DEDUCE GQ was intentionally designed to be simple and easy to
use; for those reasons, it was not configured to allow user-defined
‘‘join’’ logic. Through feedback from users, we quickly realized that
more sophisticated self-service querying functionality was desir-
able. For example, a researcher may wish to identify all patients
with a given chronic disease, such as type 1 diabetes, who have
presented to a health-system clinic within the previous month.
The user may realize that although this chronic condition is persis-
tent for a patient (as is sex or race), it would not be captured on a
patient-based, demographic basis. It would seem logical to use GQ
to search for all clinic encounters within the past month and then
identify those with appropriate diagnosis codes from the billing
context. However, this strategy would miss diabetic patients who
might have presented at Duke Medicine, but who did not have
the relevant ICD-9-CM code applied during their most recent
encounter – a potential scenario if, for example, the patient pre-
sented for a lab test or urgent care visit where their diabetes was
not pertinent to the care provided. A better approach would be
to individually identify two distinct, encounter-based patient
cohorts: (a) all patients who had ever had a diagnosis code for type
1 diabetes; and (b) all patients who had presented at a Duke clinic
in the past month. Joining these two cohorts to retain only those
individuals common to both groups (by applying the Boolean
‘‘and’’ operator) would create the correct dataset and have the
effect of using information associated with encounters as
‘‘patient-based’’ query attributes.

To allow for this more sophisticated type of self-service data
querying, we reevaluated our overall approach and conceptualized
an environment of interconnecting modules that, taken together,
comprise the DEDUCE enterprise data delivery framework (Fig. 1).

This modular conception has been the blueprint for subsequent
releases of DEDUCE. DEDUCE was extended as a Web-based
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Fig. 1. The DEDUCE modular design for self-service enterprise data delivery. The
Duke Enterprise Data Unified Content Explorer (DEDUCE) is comprised of a set of
modules, each providing a distinct functionality for enterprise data interaction.
Cohort Manager (CM) is the keystone module and provides self-service cohort
definitions and joining functionality without the need to use structured query
language (SQL) on the underlying enterprise data warehouse (EDW). Other DEDUCE
modules interact with CM as illustrated above. Key to numbering: 1. A Guided
Query (GQ) result set is imported into CM as a new cohort. 2. A given CM cohort is
used to launch associated Clinical Text (CT) reports. 3. Patients from a given set of
CT reports are imported into CM as a new cohort. 4. A given CM cohort is used to
launch geospatial visualization in DEDUCE Geo. 5. Represents future state where
patients identified using Geo visualization will be imported into CM as a new
cohort. 6. The Chart Review (CR) functionality is used to select a set of patients and
import into CM as a new cohort. 7. A given CM cohort is used to launch the CR
dialogue and functionality. 8. A given CM cohort is used to launch the Future
Appointments Report. 9. A user’s patient listing is imported into CM as a new
cohort. 10. A given CM cohort is used to launch the Export Manager module.
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