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Background: Quality improvement is central to Infection Prevention and Control (IPC) programs. Chal-
lenges may occur when applying quality improvement methodologies like process control charts, often
due to the limited exposure of typical IPs. Because of this, our team created an open-source database with
a process control chart generator for IPC programs. The objectives of this report are to outline the de-
velopment of the application and demonstrate application using simulated data.
Methods: We used Research Electronic Data Capture (REDCap Consortium, Vanderbilt University, Nash-
ville, TN), R (R Foundation for Statistical Computing, Vienna, Austria), and R Studio Shiny (R Foundation
for Statistical Computing) to create an open source data collection systemwith automated process control
chart generation. We used simulated data to test and visualize both in-control and out-of-control pro-
cesses for commonly used metrics in IPC programs.
Results: The R code for implementing the control charts and Shiny application can be found on our Web
site (https://github.com/ul-research-support/spcapp). Screen captures of the workflow and simulated data
indicating both common cause and special cause variation are provided.
Conclusions: Process control charts can be easily developed based on individual facility needs using freely
available software. Through providing our work free to all interested parties, we hope that others will
be able to harness the power and ease of use of the application for improving the quality of care and
patient safety in their facilities.
© 2016 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier

Inc. All rights reserved.

Quality improvement is central to InfectionPreventionandControl
(IPC) programs. Nearly all activities of an Infection Preventionist (IP)
canbedefinedas quality or performance improvement. Indeed,many
IPs also have direct roles as quality improvement personnel or their
department is part of a larger quality/performance improvement
department.1 IPs are likely to be well versed in use of a traditional

quality improvement frameworksuchasDeming’splan–do–study–act.2

Surveillance for health care-associated infections is done to deter-
mine ratesof disease that canbeexpectedgiven theactivitiesoccurring
in a facility. This is a step in the plan phase of a quality improvement
project. If any particular rate is considered too high, interventions
maybe instituted to reduce theburdenof disease; that is, thedophase
of the project. Once the intervention is established, it is necessary to
evaluate its effectiveness; that is, the studyphase. Finally, the actphase
includesdevelopingpolicies andprocedures toensure thenewprocess
is applied consistently and appropriately. This simple example out-
lines the continuous quality improvement cycle of an IPC program.

In the area of quality improvement, statistical process control
is an important methodology for monitoring performance and
processes.3,4 In fact, The Joint Commission suggests their use for
monitoring processes related to patient safety metrics.5 Chal-
lenges may occur when applying these statistical quality
improvement methodologies to a particular process, often due to
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the limited exposure of typical IPs to these statistical methodolo-
gies. Furthermore, software available to easily create process control
charts can be cost-prohibitive for an IPC department, or can be dif-
ficult to obtain and install due to local information technology
security policies. Moreover, the majority of US hospitals are small,
fewer than 200 beds, and resources supporting quality improve-
ment and IPC departments may be limited.6

Due to the difficulties outlined above, our team decided to create
an open source database with an accompanying automated process
control chart generator for IPC programs. The objectives of this report
are to provide an overview of the creation and workflow of the ap-
plication while describing each of the software packages used, to
provide the data dictionary and computer program used to build
the application so others can implement the application at their fa-
cilities or build onto the program, and to provide evidence of the
functionality of the application using simulated data.

METHODS

To develop this application,weused 3 open source software pack-
ages:ResearchElectronicDataCapture (REDCapConsortium,Vanderbilt
University, Nashville, TN),7 R (R Foundation for Statistical Comput-
ing, Vienna, Austria), and R Studio Shiny (R Studio Inc. Boston, MA).8

Our approach in building the application and the workflow for its
use are outlined below its use are outlined below in Figure 1.

REDCap

REDCap is an electronic data capture software package that was
developed and is maintained by Vanderbilt University. It can be in-
stalled locally or on a server formultiple users. Our REDCap database
is housed on a secure cloud-based server and is composed of several
data collection forms. Separate formsareused for the following items:
dates (eg, month in which data were collected), facility (eg, name of
facility or facilities providing data), and events to monitor (eg, hand
hygiene compliance or Clostridium difficile infections). The options
for the facility and processes are preloaded into the system and are
activated for users upon request. REDCapData Access Groups (DAGs)
are used to ensure confidentiality of records and house unique users
in each facility. REDCap restricts access to all data so that users in
specificDAGs can only access records that have been created byusers
in that DAG. This restriction is also applied to reports and exported
data sets. Data collection forms can be uniquely set for each DAG
through user role settings, so that facilities are only tracking data of
interest. Data are exported from REDCap using its Application Pro-
gramming Interface (API), facilitating automated subsetting of data
for each facility upon data export or visualization. The data collected
can be dynamically changed as facilities add or delete items of in-
terest to monitor. For example, it is simple to add or delete any
compliancemeasureor infection tobemonitored through theREDCap
Web interface or data dictionary, particularly because all measures

Fig 1. Workflow for data entry and process control chart creation. *Items that are specific to a user’s REDCap data access group. **Chart type is prepopulated to match the
most appropriate type for the data. REDcap, Research Electronic Data Capture (REDCap Consortium, Vanderbilt University, Nashville, TN).
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