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Health care systems in general and electronic health records (EHRs) in 
particular serve as repositories for data that reflect the safety and quality 

of care delivery. These data are collected and reviewed by nurses and other 
members of quality improvement (QI) teams to identify areas of opportunity 
for improvement. As care providers, we have the ability to improve patient 
care and care-related outcomes, and that ability hinges on data and our profi-
ciency in interpreting data accurately. National benchmarking organizations 
have evolved to facilitate comparison of data across institutions, reporting the 
extent to which health care systems meet or fall short of established standards 
for safety and quality (Table 1).1 Examples of these organizations include the 
National Database of Nursing Quality Indicators,2 which monitors falls and 
pressure injury data, and the National Healthcare Safety Network,3 which 
monitors infection-related data. 

However, the nature of EHR data presents a challenge for meaningful 
interpretation. The volume, complexity (multiplicity in data definitions and 
inconsistencies in data standards), and inaccessibility of much of the data 
entered into the EHR renders interpretation an arduous and difficult task. 
Using charts as a graphical display is an effective way to visualize trends in 
the data, assess associated changes in clinical process opportunity or process 
capability, and permit the team to see where and when gaps in quality mea-
sures are widening or narrowing in relation to the target or goal. The value 
of charts and graphs in visualizing improvement is immediately apparent; the 
value of selecting the correct chart to display those data, however, is a skill 
often overlooked.

The purpose of this article is to illustrate appropriate graphical data display 
and review the rules for chart selection for an improvement science project. 
Also, we highlight key steps to take and factors to consider when using a chart 
to display results of a health system data–based clinical inquiry project.

Determine the Target Outcome
As we described in a previous column on health system data types,4 the 

goal of improvement science projects is to answer a clinical inquiry question 
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about whether an intervention improved a 
prespecified quality target. We used an exam-
ple of the rates of oral anticoagulation pre-
scribed at discharge to prevent stroke in patients 
with atrial fibrillation.5 The steps for begin-
ning a clinical inquiry project for this ques-
tion were reviewed and include the following: 
(1) identify the data domain, (2) identify the 
data source or the specific fields in the EHR 
that will be used, (3) identify the level of 
measurement for the primary targeted factor 
being assessed, and (4) determine the type 
of graph to begin the project—a run chart 
or a control chart.4 These steps are critical 
for establishing a data-based foundation from 
which to begin a clinical inquiry project. Fol-
lowing these steps also will allow the team to 
see the actual gap in quality outcomes associ-
ated with the primary outcome or target.

The next step in a quality-focused clinical 
inquiry project is assessment of other factors 
that may influence the observed change in the 
data. Examples include assessment of actual 
improvements or evaluation of persistent com-
mon or special cause variability. These factors 
are referred to as the “family of measures”4 
and refer to other factors that influence the 
process, including structural factors or bal-
ancing factors that are associated with the 
outcome of interest (Table 2).6

Determine the Quality Domain
The next important step in developing a 

clinical inquiry project focused on quality 
and using health system data is to determine 
the quality domain. For this article, we will 

explain the process of determining the quality 
domain(s) of interest using an example that 
is common in health care systems: catheter-
associated urinary tract infections (CAUTIs). 
These preventable, hospital-acquired infec-
tions are the most frequent type of infection 
and can lead to increased health care costs, 
length of stay, morbidity and mortality, and 
unnecessary antibiotic usage.7 Within the 
Institute of Medicine’s framework for 
describing data domain, STEEEP (Safety, 
Timeliness, Efficiency, Effectiveness, Equita-
bility, and Patient Centeredness),8 CAUTIs 
would fall under the domain of “safety.” 
Safety is routinely a high priority among 
health care systems, as safety issues affect 
patient outcomes.

Determine the Data Source
The data source for CAUTIs is located 

within the EHR, which can be difficult to 
navigate. The Centers for Disease Control 
and Prevention (CDC) has outlined a specific 
list of indications for health care workers to 
determine if a patient meets criteria for hav-
ing a CDC-defined CAUTI.7 Infection preven-
tion nurses must carefully review a patient’s 
chart to identify whether the patient meets 
criteria for having a CAUTI, such as the length 
of time an indwelling urinary catheter has 
been in place, whether the patient has had 
a urine culture testing positive for a specific 
organism, and whether the patient has had 
an infection-related symptom such as fever. 
Currently, all of these data must be extracted 
manually from the EHR.

Reporting Organization

National Database 	
of Nursing Quality 
Indicators

National Healthcare 
Safety Network

Quality and Safety 
Nurse-Sensitive Indicator

• Patient falls
• Patient falls with injury
• Pressure injuries
• Restraint usage

• Nosocomial infections 
• Catheter-associated 	

urinary tract infections
• Catheter-associated blood 

stream infection
• Ventilator-associated 

pneumonia

Table 1: National Benchmarking Organi-
zations and Indicators

Abbreviations: CAUTI, catheter-associated urinary tract infection; 
CDC, Centers for Disease Control and Prevention.

Family of Measure

Process

Structure

Outcome

Example

• Bathing and documentation
• Steps in the bathing/pericare 

process

• Hospital structure standards
• Unit protocol
• CDC guidelines
• Where implementation of these 

guidelines is documented

• CAUTI event rate

Table 2: Family of Measures: Example 
Using CAUTI
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Determine the Level of  
Measurement

The 4 different levels of measurement within 
research include nominal, ordinal, interval, and 
ratio. For improvement science or QI, the levels 
of data are the same, but are labeled differ-
ently, as either attribute (nominal or ordinal) 
or continuous (interval or ratio) data. Because 
patients either have a CAUTI or do not, these 
data would be measured as nominal (yes or 
no) or attribute type data.

Determine the Chart Type
A simple way to display these types of 

CAUTI data is with a run chart (Figure 1). 
This graph displays the rate of CAUTIs per 
1000 catheter days. Run charts allow the 
reader to define and analyze baseline perfor-
mance data. From these data, the reader can 
easily see when an intervention may have 
occurred (eg, around months 9 and 10). This 
display gives beneficial information to all 
health care professionals, as the graph pro-
vides a visual representation of how well the 
intervention worked at decreasing CAUTIs.

A control chart provides the same type of 
data as a run chart, yet includes control lim-
its and can detect variation of the data. Table 
3 provides an overview of different control 
chart types that can be used to display data. 
As mentioned previously, CAUTIs are 

classified as attribute data, as they are 
counted as either yes or no. As such, charts 
for attribute data could include P, NP, C, U, 
or T charts. Infection prevention data are 
commonly provided monthly and can be dis-
played in a variety of ways using these 
charts. A C chart is one of the most common 
types; it is a graphic display of the number 
of CAUTIs per month (Figure 2). A U chart 
also is commonly used; it includes the rate of 
CAUTIs each month, which is calculated by 
the following equation: 

(Number of CAUTIs / number of indwell-
ing urinary catheter days) × 1000 per 1000 
catheter days (Figure 3)

The C and U charts look similar; however, 
a U chart (Figure 3) has slightly more variabil-
ity than does a C chart (Figure 2), because a 
U chart takes into account the number of days 
patients had indwelling urinary cathethers for 
the month.

A T chart also can be helpful with CAUTI 
data, because a T chart measures the amount 
of time that has passed since a prior CAUTI 
event occurred. For example, individual hospi-
tal units may use this type of chart to display 
the number of days between CAUTI events. 
Some units may choose to celebrate after 50 
or 100 days have passed without a CAUTI 
event to acknowledge short-term victories. 
P and NP charts would be used more often 

Figure 1: Run chart for rate of number of CAUTIs per month. CAUTI indicates catheter-associated urinary 
tract infection.
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Abbreviations: CAUTI, catheter-associated urinary tract infection; MR, moving range.

Use Case

• Percent of defects or events
• Used when each unit can be considered pass or 

fail, no matter the number of defects or events
Example: Percent of patient care units with CAUTIs

• Number of defects or events
• Used when each unit can be considered pass or 

fail, no matter the number of defects or events
Example: Number of patient care units with CAUTIs

• Total number of defects or events (count) that 
occurred

• Used when the number of participants in each 
sampling period is the same

Example: Number of CAUTIs per month

• Count of defects per unit (rates) that occurred 
• Used when the number of participants in each 

sampling period varies
Example: Number of CAUTIs per 1000 indwelling 

urinary catheter-days

• Measures the amount of time (eg, hours, days, 
weeks, months) that has passed since a prior 
occurrence of a rare event (ie, days between 
rare events)

• Used to avoid over-control and under-control 
mistakes that a traditional control chart might 
generate

• Identifies both types of variation present in a sys-
tem (special and common cause)

Example: Number of days between CAUTIs at a 
given hospital

• Detects shifts in data representing a process
• Assesses the stability of process variation 

through short-term variability shown in the MR 
chart. MR is the difference between predictable 
consecutive observations. 

• Used for forming subgroups when data are 
limited or subgroup size needed is unknown 

Example: CAUTIs before and after an intervention 
and projected sustained effects of the intervention

• Identifies time-based measurements in sub-
groups of data at the same point in time 

• Provides a snapshot of the process at a given 
point in time and a history of the process

• Efficient for detecting large shifts in the process 
average

• Range or standard deviation chart are used 
together to show variation within subgroup

Example: CAUTIs at a specified time of day over 
1 year

Subgroup Size

• Variable 	
subgroup size

• Usually ≥ 50

• Constant 	
subgroup size

• Usually ≥ 50

• Constant 	
subgroup size

• Variable 	
subgroup size

• Variable or 
constant

Subgroup 	
size = 1

X-bar and 	
R chart = sub-
group size < 10

X-bar and S 
chart = sub-
group size ≥ 
10

Table 3: Data Type Associated With Control Chart Types Used in Improvement Science

Data Type

Classification data
Also called attribute; 

counted as units of 
events or fraction (%) 	
of defective units

Classification data
Also called attribute; 

counted as units of 
events or number 	
of defective units

Count data
Also called attribute; 

counted as number 	
of discrete events

Continuous data
Also called variable,
interval, or ratio

Chart Type

P chart

NP chart

C chart

U chart

T chart

I chart
Individuals and 

moving range 
(I-MR) chart 

X-bar
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at the hospital level than at the unit level. P 
charts provide the percentage of units with 
CAUTIs, whereas NP charts provide the 
number of units with CAUTIs. These types 
of graphical display can be useful if hospitals 
are trying to determine the extent of a CAUTI 
issue across the entire institution.

Charts used for continuous data include 
the I-MR and X-bar charts (used with vari-
able, interval, or ratio data). I-MR charts 
detect shifts in the data before and after an 
intervention has been implemented. For exam-
ple, this type of chart would provide a graphi-
cal display of CAUTIs before and after an 
improvement science intervention and the 
projected sustained effects of the intervention 
over time. An X-bar chart, however, is best 
for displaying the data when a mean (average) 

and standard deviation (standard distance from 
the average) at a given point in time (eg, night 
shift) over time (eg, 1 year) is needed to best 
tell the story of process change and its effect 
on CAUTI outcomes.

When using the X-bar type of control chart, 
the sample size must remain constant and the 
sample mean, or average value, must be mea-
sured as a continuous variable and must be 
normally distributed. For example, the num-
ber of CAUTIs in each subsample or night 
shift must be measured as a continuous count 
(eg, 0-100+) over time in months, and must 
have a normal distribution. When using an 
X-bar control chart, the variation is displayed 
with the R chart (to show sample range) or 
the S chart (to show sample standard devia-
tion) in combination. The combination is the 

Figure 2:   C-control chart for number of CAUTIs per month. CAUTI indicates catheter-associated urinary 
tract infection; LCL, lower confi dence limit; UCL, upper confi dence limit.
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critical advantage of the X-bar, because it 
enables the chart to show variation around 
the mean, or average number of CAUTIs over 
time, all on one chart.

Conclusion
Graphic display of data that are conveyed 

monthly or quarterly on a control chart enables 
nurses and the quality team to clearly see and 
understand the fruits of their labor on improve-
ment science projects. Selecting the correct type 
of chart is a critical step to be able to visualize 
and analytically interpret the data accurately 
and meaningfully. Once frontline clinicians 
are able to create and interpret control charts, 
the voluminous data they help to generate 
each day shifts from a burden to a tool—one 
that allows visualization of process improve-
ments, depiction of changes in variability, 

and achievement of target goals for key qual-
ity metrics.
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