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Objective: To conduct a literature review to determine where and how variable control 
charts have contributed to quality improvement in healthcare.
Methods: A targeted literature search of the ABI/INFORM Global, Science Direct, Medline 
and Google Scholar databases was conducted, which yielded 6875 papers. Screening articles 
on the basis of title and abstract resulted in references to 163 articles, leading to the 
identification of 29 articles published between 1992 and 2019 that met the inclusion criteria. 
Common themes, variables and units of analysis were then analyzed.
Results: Variable control charts have been applied in 11 different healthcare contexts, using 
17 different variables, at various levels within healthcare organizations. The main reason for 
applying variable control charts is to demonstrate a process change, usually following 
a specific change or quality intervention. The study identified various limitations and benefits 
of applying variable control charts. The charts are visually easy to understand for both 
management and employees, but they are limited by their requirement for potentially 
complex and resource-intensive data collection.
Conclusion: Variable control charts contribute to quality improvement in healthcare by 
enabling visualization and monitoring of variations and changes in healthcare processes. The 
methodology has been most frequently used to demonstrate process shifts after quality inter-
ventions. There still is a great potential for more studies applying variable control charts.
Keywords: statistical process control, healthcare, quality improvement

Introduction
Quality of care can be defined as the

degree to which health services for individuals and population increase the likelihood 
of desired health outcomes and care consistent with professional knowledge.1 

Quality of care can be measured through dimensions, most commonly effective-
ness, safety, responsiveness, accessibility, equity and efficiency.2

In recent decades, quality improvement (QI) strategies and methods from 
industry have been applied more commonly to healthcare. Quality improvement 
involves concerted and continuous efforts to make changes that will improve 
patient outcomes, system performance and professional development.3 With rapid 
developments in technology and more complex healthcare systems, it is becoming 
increasingly important to apply methods to monitor whether changes lead to better 
quality and patient outcomes.
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One of the most challenging tasks for healthcare lea-
dership, is to control the processes leading to the desired 
quality. Over the last decade, researchers have demon-
strated how control charts can be an efficient tool for 
monitoring processes and quality.

Statistical process control (SPC) methods are man-
agement tool for measuring and visualizing stability 
and monitoring QI from one point in time to another. 
These methods provide a powerful statistical tool for 
QI that distinguishes between special-cause variation 
and common variation. The literature on SPC in health-
care is growing, including literature reviews, tutorials 
and practitioners note, focusing on everything from 
general use of SPC in healthcare,4,5 to more specified 
topics, such as surgery6 or pressure ulcer prevention.7 

Tutorials do also cover a wide range of areas such as 
detecting and monitoring hospital acquired infections,8 

charts for data involving very large sample sizes,9 or 
the application of risk-adjusted control charts in health 
care.10

In addition, SPC is a practical tool that benefits differ-
ent organizational levels, at the management level and 
front-line staff levels. Management refers to the leaders 
of healthcare organizations, and front-line staff is the 
employees dealing with the patients.

For the service quality to meet patients’ expecta-
tions, the process delivery must be stable and 
repeatable.11 Quality is sometimes best expressed 
through numerical measurements, such as the waiting 
time,12 length of stay13 or door-to-needle-time,14 where 
it is feasible to use variable control charts.11 These are 
SPC charts that use variables as a quality indicator. 
However, there appears to have been no previous 
review of the use of variable control charts in the 
context of health care.

The main objective of this literature review is to exam-
ine where and how variable control charts have contribu-
ted to QI in healthcare, including their objectives, 
outcomes, limitations, and benefits, for both management 
and front-line staff.

Materials and Methods
A targeted literature search in relevant databases was con-
ducted by the author, to identify studies that meets the 
inclusion criteria. There was one reviewer of this article. 
Following sections describe the process of selecting arti-
cles included in the review.

Eligibility Criteria
Inclusion Criteria
The criteria for inclusion in the literature review were that 
the research should apply variable control charts in health-
care, and should be conducted in organizations providing 
care, such as hospitals, nursing homes and home 
healthcare.

Exclusion Criteria
Articles concerning pharmacies, laboratories and organiza-
tions providing mental health care, such as psychiatric 
hospitals, were excluded from the study, as were studies 
of random samples of patients across different institutions. 
Articles examining all levels of institutions were included, 
from organization to individual performance level. Only 
empirical articles were included, while tutorials, letters, 
reviews and books were excluded. All articles reviewed 
were written in English and published in peer-reviewed 
journals.

Study Identification
A search of the ABI/INFORM Global, Science Direct, 
Medline and Google Scholar databases was performed to 
identify research articles that applied SPC in healthcare for 
all years to date (2021). The search terms used were: 
control chart healthcare, statistical process control health-
care, variable control chart application healthcare, 
Shewhart control chart healthcare, process improvement 
healthcare, process analysis healthcare, six sigma health-
care, LSS healthcare and total quality management (TQM) 
healthcare. Relevant articles found in reference lists was 
included further in the review. When the searches were 
conducted, title and abstract were crucial if the article was 
included further in the review. It was often from the title or 
abstract which charts were used, since the type of variable 
determines what charts are appropriate to use.

Study Selection and Data Extraction
The title and abstract were reviewed to understand the con-
tent and ascertain whether the article met the inclusion 
criteria. If the inclusion criteria were not met, the article 
was excluded. Included articles were read in full, and infor-
mation relevant to this review was extracted and organized 
in an Excel sheet, including title, authors, year of publica-
tion, country, criteria for inclusion, study objective, study 
outcome, output variable, journal, unit of analysis, study 
context and level of analysis, and length of period for the 
data used in the SPC charts. It was also noted whether 
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variable control charts were used with additional methods of 
analysis, such as regression analysis or interviews. Visual 
statistics in the form of graphs were used to present relevant 
information from the data, such as country and year of 
publication. The review also extracted qualitative informa-
tion on the objectives of the studies, their outcomes, and the 
limitations and benefits of applying SPC in healthcare.

Results
Results of the Search
The database search resulted in references to 6875 articles (see 
Figure 1). Screening articles on the basis of title and abstract 
resulted in references to 163 articles, of which 120 of the 
records were excluded. A reading of the abstracts suggested 
that 43 articles might meet the inclusion criteria. 15 of these 

articles were excluded; 7 applied run chart, 6 used attributes in 
their control chart, and 4 were was tutorial notes, and 26 of the 
articles met the inclusion criteria.13–40 The articles reference 
list were checked for possible articles, found 3 more. Thus, 
a total of 29 articles met the inclusion criteria.

Characteristics of the Studies
First, the articles were sorted by year of publication and the 
country in which the research was conducted (see Figure 2). 
The earliest study was published in 199241 and the latest in 
2019.38 Both of these were conducted in the USA. Between 
1992 and 2006, there were long gaps between publications, 
but from 2006 they became more frequent. The highest 
numbers of studies were published in 2014 and 2016, with 
four in 201415,24,26,33 and five in 2016.16,23,29–31

Figure 1 Flow diagram.
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Research for 11 of the articles was conducted in the 
USA,13,18,21,24,28,32,35–37,39,42 and one comparative study of 
the USA and Turkey38 was also categorized as USA. Three 
articles each were published in the UK,19,33,34 Sweden23,25,26 

and India,15–17 and two each in Italy30,31 and Taiwan.20,40 

Single studies were conducted in Brazil,29 Switzerland,14 

Australia27 and Israel.20 Because the majority of articles 
were based on research in the USA, the others were classi-
fied into a single “other countries” category.

With regard to content, Table 1 summarizes the 
research contexts, output variables and units of analysis. 
Twelve studies were conducted in surgery 
departments,13,20,21,24,28–32,35,36,39 five in emergency 
departments19,25–27,33 and two in intensive care14,22 and 
health information departments.15,17 Single studies were 
conducted in a urology department,23 internal medicine,38 

a medical record department,16 a registration department,37 

a women, infants and children clinic18 and a general 
practice.34 One study focused on an entire hospital.41

The output variables used varied considerably. The 
most frequent was waiting time, which was used in six 
studies.13,18,25,26,34,37 Turnaround time was used in four 
studies,16,17,30,31 operative time in three20,24,32 and non- 
operative time in two.32,39 The remaining variables were 
used only once. The most frequent unit of analysis was 
department level, used in 15 articles, with the remainder 
conducted at individual patient, individual surgeon, indi-
vidual observation and organizational levels. The follow 
up period in the papers, varied from 4 days to 34 months.

Reasons for Applying SPC and the Use of 
Additional Methods
There were different objectives for applying variable con-
trol charts in healthcare. They were generally applied to 

demonstrate a shift in a process, or for various reasons in 
retrospective studies. Fifteen studies applied variable con-
trol charts to demonstrate a change resulting from an 
improvement project.14,16–18,21,23,25–27,29,33,35–37,40 

Waiting time was the most frequently used performance 
measure, used in four articles.18,25,26,37 Turnaround time 
was used as a measure in two articles,16,17 while the other 
variables were represented only once.

In the remaining studies, the reasons for applying vari-
able control charts were diverse. In some articles, the 
charts were used to determine steady-state behavior or 
benchmarks,20,30,31 to measure variation or process 
performance,15,34,38 to identify links between changes 
and opportunities for improvement between hospital and 
micro- or/macro-systems,28 to evaluate whether nurse 
staffing was meeting needs,22 or for other reasons.19,24,39

It was noted that additional methods were often used 
when applying variable control charts. As illustrated in 
Figure 3, variable control charts were the only method 
used in 12 studies, while additional methods were used 
in 16 cases. In nine studies that used additional methods, 
quantitative methods were applied, while in seven articles 
a mixed-methods approach was adopted.

Limitations of Applying Variable Control 
Charts
Limitations to Data Collection
The most common limitation of applying variable control 
charts is that, for various reasons, collecting data may be 
resource-intensive and time-consuming. In some cases, 
where data are not readily available, collection may be 
complex and require people to collect sufficient data.19 

Examples in the literature include undertaking manual 
patient chart reviews,28 collecting data on waiting times 
through data collection sheets,37 and measuring turnaround 
time for health records preparation with a stopwatch.17 

Due to the time and resources required for collection, 
sample sizes may limit the results, since monitoring 
a process over time requires several months data.21 The 
analysis may therefore be limited to a specific period, such 
as one day or one shift, which may be unrepresentative 
of day-to-day occurrences, as the day on which the data 
were collected may be anomalous.19 For the similar rea-
sons, data may be limited to one department.23

Limitations of Data Used in the Charts
A frequently raised issue is that variable control charts 
must sometimes be used alongside other methods. 

Figure 2 Year of publication and country.
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Table 1 Content of Articles

Study Context Output Variable N Unit of Analysis Follow Up 
Period

Emergency department Waiting time to see a physician 2 Individual patient level25 

Department level26

2 years,25 

5 years26

Length of stay from triage to discharge 1 Department level27 9 months27

Hospital staff cost 1 Department level33 3 years and 10 
months33

From arrival to nurse assessment, admission to doctor 

assessment and admission to transfer

1 Individual patient level19 Not specified

Cycle time 1 Individual patient level40 8 months40

Intensive care Door-to-needle time 1 Individual patient level14 1 year 4 
months14

Nurse attendance (in hours), patient hours 1 Department level22 2 years 11 
months22

Surgery department Non-operative time 2 Department level32 

Department level35

1 year39 

3 years 4 

months35

Operative time 3 Individual surgeon and 

department level20 

Individual surgeon level24,39

2 years20 

13 years24 

2 years39

Turnaround time 2 Department level30,31 56 weeks30,31

First case on-time start (FCOTS) 1 Department level36 35 months36

First case tardiness 1 Department level29 2 years29

In-hospital cost 1 Department level21 10 months21

Length of stay after surgery, and waiting time 1 Department level13 1 month13

Days between hospital-acquired pressure ulcer (HAPU) 
incidences

1 Department level28 12 months28

Urology department Time from diagnosis to final treatment 1 Individual patient level23 2 years 9 
months28

Internal medicine Length of stay 1 Individual patient level38 Not specified38

Medical records 

department

Turnaround time 1 Department level16 4 days16

Health information 

department

Cycle time in the registration department 1 Department level15 20 days

Turnaround time 1 Individual observation17 Not specified17

Registration 

department

Waiting time from patients’ arrival to being served by 

a registration clerk

1 Department level37 6 months37

Women, infants and 

children’s clinic

Waiting time for picking up vouchers to receive food 1 Department level18 14 days18

General practice Waiting time in the morning, and availability of appointments 1 Individual34 1 month34

(Continued)
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Variable control charts visualizes the performance of the 
output variable and do not necessarily have a descriptive 
function, so they must be supplemented with methods such 
as semi-structured interviews,25,26 descriptive statistics or 
value stream mapping.15,16 This is also the case when the 
data are retrospective and links between particular causes 
and events in the process cannot be identified.28,35 Such 
cases require the investigation of out-of-control points by 
care providers,38 so additional methods must be used.

Furthermore, observational bias may affect the record-
ing of data, as in the Hawthorne effect, because observing 
people may improve their performance.19 In some studies 
this effect has been observed from the outset of the formal 
process analysis, but the effects are transient and should 
not be mistaken for definitive results.14

Other limitations reported include the difficulty of 
defining a true baseline or “before” period for comparison 
when seasonal differences affect the variables,27 and the 
fact that traditional control chart approaches make no 
adjustment for varying risk profiles. Medical contexts 
must deal with heterogeneous patient cases. Information 
on patient-related risk adjustment is rarely used,38 and few 
articles discuss the use of risk-adjusted Shewhart charts.20 

In some cases, information on risk was unavailable, or it 
required information from systems to construct patient mix 

adjustment models, and information from a hospital-wide 
cost accounting system to measure total in-hospital cost.21

Like many other statistical methods, variable control 
charts require the data to be normally distributed. 
Sometimes they require transformed data, making it more 
difficult to present the data to others.21 It mayalso not 
involve the use of control groups,18 making generalization 
more challenging. For instance, when the unit of analysis 
is a single surgeon,39 the results are unlikely to be readily 
transposable to other surgical populations.35

Benefits of Applying Variable Control 
Charts
Variable Control Charts are Visually Easy to 
Understand
The selected articles mention several benefits of applying 
variable control charts. First, charts are reported to be 
visually easy to understand, and may reveal otherwise 
unobtainable insights.18 They may inspire the development 
of patient diagnosis-to-treatment routines and work pro-
cess measurements, and enable the visualization of 
resource use.23 They may demonstrate whether a process 
is stable or unstable,34 and provide a method for assessing 
undisturbed or steady-state process behavior.30 Variable 
control charts measure effects over time through simple 
statistics.20 They provide early warning of systematic 
change taking place in a process,27,30,32,39 and enables 
the nature of an identified shift in performance, whether 
gradual or sudden, to be determined.39 Applying variable 
control charts in process analysis may significantly 
improve the quality of a time-sensitive process.14

Variable Control Charts are Useful for Front-Line 
Staff
Some articles suggest that variable control charts are help-
ful for employees. Front-line staff can see what is happen-
ing, with an opportunity to stand back from daily routines 
to view things differently.19 Variable control charts may 
also help to motivate cultural change and moves toward 
continuous improvement and excellence.15,19

Table 1 (Continued). 

Study Context Output Variable N Unit of Analysis Follow Up 
Period

Hospital in general Daily poundage 1 Organisation level41 14 weeks41

Total number of articles 29

Figure 3 Were methods other than variable control charts used?
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Variable Control Charts are Useful for Management
Variable control charts benefit managers, enabling them to 
make decisions based on science rather than intuition.15 

The charts can support public health agencies in develop-
ing service delivery processes,18 and allow comparison of 
an organization with and its partners or competitors.34 

They provide insights into the processes investigated, 
allow the monitoring of consecutive events,14 and improve 
performance quality through early detection of problems.31 

Variable control charts may be used as a monitoring tool 
for one-off interpretations.27 They may also help decision 
makers to achieve institutional goals and objectives,30 and 
to pinpoint performance shifts39 and the direction they are 
taking.34

Discussion
The review findings demonstrate that variable control 
charts contribute to QI in various healthcare settings, 
with different types of output variables, at different levels 
within healthcare organizations. The review also reveals 
the reasons for applying variable control charts and using 
additional methods, and it highlights the limitations and 
benefits of their use. The amount of previous research is 
less than expected, with only 29 articles meeting the 
inclusion criteria. The current healthcare environment, 
involving complex systems, presents enormous potential 
for using such methodologies in research and practical 
applications.

As illustrated by Figures 1 and 2, relevant research has 
increased since 2006. Primarily in the USA, with only nine 
studies in other countries. This may reflect a stronger 
tradition in the USA than in Europe regarding using appli-
cations from industry in healthcare.

There are several of benefits and limitations of apply-
ing variable control charts to QI in healthcare. The benefits 
and limitations mentioned in the articles indicate that 
variable control charts may be a powerful tool, especially 
in settings where data can easily be obtained. Several 
papers have noted that the charts are beneficial for both 
front-line staff and management because the charts are 
visual, and are good tools for understanding processes 
and supporting decision-making. Several articles have sug-
gested that the application of variable control charts is 
limited by the resources required to collect data that are 
not readily available. Amassing data may require both 
time and resources that many institutions do not have, 
which may explain why few studies have applied variable 

control charts. However, technological developments in IT 
systems and applications are likely to make data collection 
easier and make the use of such methodologies more 
available. The studies included in this review suggest 
many potential research opportunities in new healthcare 
settings, as well environments where variable control 
charts have already been applied.

Variable control charts are a data-driven method. 
Application of variable control charts would not lead to 
changes but is often used to demonstrate process variation 
and effects of different quality interventions, for instance 
lean25 or six sigma.13 When data collection is time- 
consuming, and frequently used with other methods 
(Figure 2), it requires clear and present management to 
apply the charts, which might be an additional reason for 
the limited number of studies applying variable control 
charts.

From the origin SPC was applied to monitor variations 
in manufactured products.43 Because it sometimes difficult 
to provide products with equal quality from unit to unit, 
charts were used to monitor the variability. An example of 
this is the blade thickness in the production of jet 
turbines.11 To date, applying variable control charts in 
healthcare seems to have the most gain in cases where 
quality interventions have been made, usually after 
a process change or quality intervention. In such research, 
there would typically be more focus on whether a shift has 
occurred in the process, rather than on monitoring the 
variation itself. This concerns 15 of the selected articles 
in this review. The reason for this is uncertain but might 
relate to the service intangibility and heterogeneity, and the 
difficulty in research to find feasible measures to monitor. 
It would typically be easier to concretize a physical pro-
duct than a service.

Variable control charts have been applied in 11 differ-
ent healthcare fields, although some of these have been 
investigated more frequently than others. Some areas and 
variables have a more obvious connection to the quality of 
care than others, but most studies have a connection to the 
most common quality dimensions which are effectiveness, 
safety, responsiveness, accessibility, and efficiency.2 The 
results reveal great potential for applying variable control 
charts in QI in healthcare.

Twelve of the selected studies were conducted in surgery 
departments, of which five used operative and non-operative 
time as output variables.20,24,32,35,39 In these five studies, 
operative and non-operative time were used to monitor 
cost and efficiency. In other research, operative and non- 
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operative time are related to safety. For example they corre-
late the duration of surgery with complications and higher 
risk.44,45 Longer operating times and increased use of thea-
tres have also been shown to expose patients to greater risk 
of surgical site infections,24 and faster operating times are 
associated with better outcomes.46 Although variable control 
charts could be important for monitoring cost and efficiency, 
there might be potential for other measurements to be 
applied to SPC charts from surgery departments.

Concerning other measures monitored in surgery, 
reduced costs and increased efficiency seem to motivate 
the monitoring of turnaround time, first-case on-time start, 
and first-case tardiness.21,29–31,36 For first-case tardiness, 
delays, and patient satisfaction are mentioned as important 
factors.29 Days between incidences of HAPUs are consid-
ered “never events” that should be minimized.28 In the 
research in the review, cost, efficiency, safety and acces-
sibility were cited as the primary reasons for monitoring 
operating rooms.

Eight studies were conducted in contexts where pro-
cesses were highly time-sensitive, emergency 
departments19,25–27,33 and intensive care.14,22 In such set-
tings, time may have significant consequences for the 
quality of treatment and patient outcomes. For instance, 
when treating myocardial infarction,14,40 door-to-needle 
and cycle times must be reduced, because treatments are 
most effective in the first hours.47 Variable control charts 
could provide valuable quality information when monitor-
ing length and variation in time in such settings. Another 
example where variable control charts could provide valu-
able information, is ambulance response time after differ-
ent interventions.

Waiting time is the most frequently used output vari-
able in the articles13,18,25,26,34,37 motivated by efficiency 
and patient safety. Waiting time is a strong indicator of 
quality and patient satisfaction,18,34,37 and may affect mor-
tality rates and lead to inefficient use of resources.25,26 It is 
broadly accepted in the literature that waiting times may 
significantly influence healthcare quality. Waiting time 
affect customer satisfaction,12 where total waiting time to 
visit a clinician is one of the most significant predictors.48 

This variable is a strong quality predictor and should be 
readily available for institutions, it is surprising that it has 
not received greater attention in the literature on adopting 
a control chart approach. Unlike many other quality pre-
dictors in health care, waiting time is relatively easy to 
interpret, because it is desirable to minimize it in many 
settings.

Length of stay is used as an output variable in three 
articles13,27,38 concerning monitoring quality and perfor-
mance. Although the connection between length of stay 
and quality of care is unclear in the selected studies, it has 
been accepted in the literature,49 and is often used as 
a metric of efficiency and effectiveness.50–52

In some studies, the objective of improvement projects 
was to make processes more efficient by reducing the time 
spent on time-consuming activities. Time spent on the 
registration process and preparing medical processes and 
health records are examples of this.15–17 In all these cases, 
variable control charts were used to monitor efficiency and 
reduce costs. For instance, reducing turnaround time on 
the preparation of health or medical record may improve 
department productivity and performance,16,17 or improve 
the registration process and reduce waiting times in the 
system.15

Conclusion
Variable control charts are a data-driven method. This 
review demonstrates that in health care, variable control 
charts have been most frequently used to demonstrate 
process shifts after quality interventions, such as for 
instance lean and Six Sigma. The review also reveals 
that even shown that even variable control charts are 
applied in various context to QI in healthcare, there still 
is a great potential for more studies applying variable 
control charts. To date, the surgery department and depart-
ments where process are highly time-sensitive, are the 
most frequent settings of applying variable control charts.

There are both limitations and benefits to applying 
variable control charts. The data for applying variable 
control charts often require resources to collect, and the 
charts are often used with other methods, which most 
likely explains the scarce amount of research applying 
variable control charts. Such research would also require 
clear and consistent management to apply the charts. 
Despite the limitations for application, the benefits of the 
charts` may help both employees and leaders understand 
the processes and monitor changes in healthcare QI.
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