Understanding variation in key COVID-19 indicators in Ireland using statistical
process control (Shewhart) charts
Introduction
Statistical process control charts (also called Shewhart, SPC or control charts) are used to understand variation in
data by distinguishing between common cause variation (normal or expected variation) and special cause variation
(unusual or unexpected variation). Failure to understand variation can lead to two common mistakes in interpreting
data: (i) interpreting noise (or random variation within a normal range) as if it were a signal requiring action, and (ii)
failure to detect (and react if appropriate) to a signal when it is present. Data can vary considerably due to chance
and multiple effects, and we should be very cautious about acting on variation as if it were a statistical signal that is
important and requires action.
Development of an SPC approach to understanding variation in COVID-19 data
Applying SPC charts to rapidly changing data, such as during a pandemic, can be challenging. Motivated by the need
to visualise, understand and learn from variation in key COVID-19 indicators, an SPC chart approach was developed
by a team of leading experts in quality improvement (see Appendix 1). This approach and the methodology for
creating the SPC charts are described in full here: https://doi.org/10.1093/intqhc/mzaa069
In order to identify the key stages within the pandemic, a Four Epoch (or phase) Framework to classify a country or
region’s status in the epidemic curve was developed. An epidemic curve is a visual display of the progression of an
epidemic over time (in this case the COVID-19 pandemic). Epochs are periods of time, or phases, within the epidemic
curve. The four epochs are as follows:
1. Epoch 1: Pre-growth
This phase refers to the period when the epidemic is low and stable, and rapid growth has not yet been
detected.
2. Epoch 2: Rapid growth
the growth phase commences when the pattern of the epidemic shifts from being low and stable to growing
rapidly. During this phase the growth rate from day to day is typically also increasing, which results in
exponential or multiplicative growth.
3. Epoch 3: Plateau or descent
This phase commences when the epidemic is no longer growing exponentially or rapidly, and starts to
plateau or decline.
4. Epoch 4: Stability after descent
This phase refers to the period when the epidemic returns to a low and stable level.
Figure 1: Example of the four epochs in an epidemic curve
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Benefits of this approach
The team who developed this approach have identified four distinct opportunities for learning through the
application of this approach.
1. It is a useful method to engage subject matter experts, and to enhance understanding about the effects of
policy changes related to control and suppression of the epidemic.
2. The charts can provide an early signal that the rapid growth phase in the pandemic has commenced.
3. The charts can also provide signals of the shift from the rapid growth phase to the plateau or downward
trending phase, and subsequently a return to a low and stable phase.
4. This approach can prevent the public, subject matter experts, and senior decision makers over-reacting to a
single data point as if it were a signal of change in the course of the epidemic.
Partnership between National Quality Improvement Team and the international experts who
developed this approach
The National Quality Improvement Team has previously collaborated with Lloyd Provost (Austin Texas), a leading
international expert in quality improvement and in measurement for improvement, to enhance our approach to
understanding variation in healthcare data in Ireland. In 2016, Lloyd delivered a series of workshops in Ireland to
frontline healthcare staff, senior HSE leaders, and members of the National Quality Improvement Team. A video of
questions and answers with Lloyd on measurement for quality improvement can be found here:
https://youtu.be/K9lMjXizR40
During 2020, the National QI Team National Director and the Evidence for Improvement Team developed a COVID
Data Summary Report highlighting the latest key COVID-19 information, with a focus on the analysis of variation over
time and across the system. The report contains data presented and analysed from a variety of sources, with
content changing for each edition to remain current and relevant to the wider COVID-19 environment. The statistical
analysis of the data, coupled with public health and clinical expertise provided by Dr Crowley, allows for the
interpretation of findings.
We are now delighted to be collaborating with Lloyd again and with the team of experts who developed this
approach to apply this methodology to key COVID-19 measures in Ireland. Our aim is to enhance understanding of
the variation in COVID-19 measures in Ireland, to use this approach to identify signals of changes in the pattern of
the pandemic, and to support effective decision making by senior health service leaders.
The application of this SPC approach is the next step in the further development of our application of QI
methodology to COVID data in Ireland. The SPC charts used in this approach and presented here include a centre
line reflecting the average of all the data points over time within specific segments, and upper and lower limits that
define the boundaries of the data for that segment. Any two consecutive points above or below the limits would be
a statistical sign that something unusual may be happening warranting further investigation. Additionally, if eight
consecutive points remain above or below the centre line it would also be a signal of something statistically unusual
warranting further enquiry.
The analysis below describes the findings since the beginning of the pandemic in Ireland for four key indicators using
this approach. We plan on producing a weekly report describing the findings using this approach that focusses on the
most recent time period.
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Application of this SPC approach to understanding variation in daily numbers of
cases, hospitalisations, ICU admissions and deaths due to COVID-19 in Ireland
While this approach was initially developed for analysing variation in COVID-19 deaths, it has since been applied to
other key COVID-19 measures. The four charts below show the application of this approach to the daily number of
reported COVID-19 cases, new hospitalisations per day of COVID-19 positive patients, new ICU admissions per day of
COVID-19 patients, and daily reported deaths among people with confirmed, probable or possible COVID-19 in
Ireland. The phases using the Four Epoch Framework are described in a table for each chart. Table 1 also includes
details of some of the changes in COVID-19 restrictions in Ireland over time.
Figure 2: Statistical process control chart of daily reported cases in Ireland (adjusted)
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Figure 2 shows an annotated SPC chart using this approach for the number of new cases of COVID-19 reported daily
in Ireland between 3rd March 2020 and 14th February 2021. The number of cases reported each day can vary by day
of the week (the number of cases reported during weekends is typically lower than during the rest of the week). The
data has been adjusted to account for this. Table 1 describes the phases (changes in phases are highlighted using
pink data points in the chart). The pink data points represent special cause variation within and between epochs,
most often the first signal of change from one epoch or phase to another.
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Table 1: Overview of phases in the daily reported cases in Ireland in relation to key decision points
Epoch

Dates

Description

1: Pre-growth

29-Feb-20 to
11-Mar-20

The first case in Ireland was reported on 29 February 2020. Up until 11 March the
number of cases was not growing at a rapid rate.

12-Mar-20 to
04-Apr-20

From 12 March 2020 until 4 April 2020, Ireland experienced rapid growth in the daily
number of reported cases, during which time the average number of cases increased
from 34 per day to 655 per day.

12 days
2: Rapid growth
24 days

th

th

th

th

This coincided with the first series of measures to delay the spread of the virus in
th
Ireland on 12 March, including closing schools, colleges, childcare facilities and
th
restrictions on mass gatherings. Additional measures were announced on the 24
March, including restaurants limited to take-away only and the closure of non-essential
retail.
th

Further ‘stay at home’ measures were introduced from 28 March, including a 2
kilometre limit on travel from home unless for essential reasons.
3: Plateau or
descent

05-Apr-20 to
17-Apr-20

The number of cases stabilised. During this time the average number of new cases
reported per day was 656. All previously announced COVID-19 restrictions remained in
place in Ireland during this time.

18-Apr-20 to
10-Jun-20

Ireland remained in Epoch 3 but with a decreasing trend in the average number of
cases. During this time the average decreased from 697 cases per day to 21 cases per
th
day on 10 June.

156 days

th

This coincided with the easing of restrictions from 5 May (including the extension of
the 2km travel limit to 5km), and the move to Phase 1 of Ireland’s Roadmap for
th
Reopening Society and Business from 18 May, which included reopening of some
retail and outdoor constructions sites. Ireland moved to Phase 2 of the Roadmap from
th
8 June, which included the extension of travel limits to within your county of
residence, and the reopening of non-essential retail.
11-Jun-20 to
29-Jul-20

There was a prolonged period of stability, during which Ireland remained in Epoch 3 but
with a lower average number of new cases (11.4 per day).
Phase 3 of Ireland’s Roadmap for Reopening Society and Business commenced on 29
June, which included the reopening of childcare, increases in limits on indoor and
outdoor gatherings, and the reopening of restaurants and pubs / bars serving food.
th

th

th

The planned move to Phase 4 of the Roadmap on 20 July was deferred on 15 July and
Ireland remained in Phase 3.
30-Jul-20 to
07-Sep-20

th

There was a shift upwards in the number of new cases from 30 July with an average of
th
75 per day until 7 September. Ireland remained in Epoch 3 during this time.
The planned move to Phase 4 of the Roadmap for Reopening Society and Business was
th
th
again deferred on 4 August, and additional restrictions were announced on 18
August. Schools reopened at the end of August.

2: Rapid growth
38 days

08-Sep-20 to
15-Oct-20

Ireland experienced a further period of rapid growth during this period, during which
the average number of cases increased from 180 per day to 623 per day.
th

A five level framework of restrictive measures was published on 15 September (Level
1 contains the least restrictive measures, with the most restrictive measures in Level 5).
th
Ireland was in Level 2 from 15 September, but due to rising rates in particular areas
two counties were moved to Level 3. These two counties, along with a third county,
th
were subsequently moved to Level 4 on 15 October.
3: Plateau or
descent

16-Oct-20 to
17-Nov-20

th

The number of reported cases per day trended downwards from 16 October until 17
November, during which time Ireland was in Epoch 3.

th

All counties in Ireland (23 of which were in Level 3 and 3 were in Level 4), were moved
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st

65 days

to Level 5 on 21 October. During this time schools remained open, non-essential retail
was closed, household visits were banned and only takeaway or delivery from
restaurants was permitted.
18-Nov-20 to
19-Dec-20

There was a period of stability, during which time there was an average of 283 new
cases per day.
st

A phased move to Level 3 restrictions commenced from 1 December, including the
reopening of non-essential retail, and the reopening of indoor dining in restaurants and
th
pubs / bars serving food from 4 December.
2: Rapid growth

20-Dec-20 to
30-Dec-20

11 days

Ireland again experienced a further period of rapid growth in daily cases, during which
time the average number of new cases reported per day increased from 556 to 2,022
per day.
th

This coincided with the relaxation of measures on household visits on 18 December.
Travel outside your county of residence was permitted, and up to 3 households could
meet indoors. These measures were planned to be in place for the entire Christmas
th
period until 6 January.
th

However on 24 December, Level 5 (with some modifications) was re-introduced. Nonessential retail remained open, and visits from other households were permitted. The
th
full Level 5 restrictions were reintroduced on 30 December.
3: Plateau or
descent

31-Dec-20 to
09-Jan-21

45 days

There was a period of stability, during which time Ireland was in Epoch 3 with an
average of 4,239 new cases reported per day.
During this time Level 5 remained in place, and schools did not reopen after the
Christmas holidays.

10-Jan-21 to
02-Feb-21

The number of reported cases per day trended downwards, during which time the
average decreased from 5,012 new cases per day to 817 per day.
th

On 26 January, it was announced that Level 5 restrictions would continue until 5
March.
03-Feb-21 to
14-Feb-21

th

rd

The number of new cases has been stable since 3 February and Ireland remains in
Epoch 3 with an average of 911 new cases per day.

Figure 3: Statistical process control chart of new hospital admissions of COVID-19 positive patients in Ireland (adjusted)
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Figure 3 shows an SPC chart using this approach for the number of new hospital admissions of COVID-19
positive patients reported daily in Ireland between 19th March 2020 and 14th February 2021. The data has been
adjusted to account for day of week variations. Table 2 describes the phases.
Table 2: Overview of phases in daily hospital admissions of COVID-19 positive patients in Ireland
Epoch

Dates

Description

1: Pre-growth

19-Mar-20 to
26-Mar-20

The number of admissions to hospital of COVID positive patients was stable, with an
average of 37 new admissions per day.

27-Mar-20 to
25-Apr-20

The number of admission remained stable, but at a higher level. The average during
this period was 80 new admissions per day.

26-Apr-20 to
23-May-20

The number of admissions remained stable, but at lower level. The average during this
period was 28 new admissions per day.

24-May-20
to 22-Jun-20

The average number of admissions decreased to 6 per day, and remained stable during
this period.

23-Jun-20 to
06-Sep-20

There was a further decrease to 3 in the average number of admissions, and admissions
remained stable.

07-Sep-20 to
13-Sep-20

There was a slight increase in the average number of admissions to 7 per day, but
admissions remained stable.

14-Sep-20 to
04-Oct-20

There was a further slight increase in the average number of admissions to 10 per day,
but admissions remained stable.

05-Oct-20 to
12-Oct-20

The average number of admissions increased to 28 per day, but continued to remain
stable during this period.

13-Oct-20 to
02-Dec-20

The number of admission remained stable, but at a higher level. The average during
this period was 30 new admissions per day.

03-Dec-20 to
13-Dec-20

Ireland experienced rapid growth in the daily number of admissions for the first time.
During this time the average number increased from 14 per day to 21 per day.

14-Dec-20 to
20-Dec-20

The number of admissions stabilised, during which time the average number of
admissions per day was 34.

21-Dec-20 to
21-Jan-21

There was a further period of rapid growth, during which the average number of
admissions increased from 22 per day to 377 per day.

22-Jan-21 to
13-Feb-21

The number of admissions then stabilised at an average of 93 per day, during which
time Ireland was in Epoch 3.

14-Feb-21

The number of admissions remained stable, but at a lower level (66 per day).

259 days

2: Rapid growth
11 days
3: Plateau or
descent
7 days
2: Rapid growth
32 days
3: Plateau or
descent
23 days
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Figure 4: Statistical process control chart of new ICU admissions of COVID-19 positive patients in Ireland (adjusted)
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Figure 4 shows an SPC chart using this approach for the number of new ICU admissions of COVID-19 positive
patients reported daily in Ireland between 19th March 2020 and 14th February 2021. The data has been adjusted
to account for day of week variations. Table 3 describes the phases.
Table 3: Overview of phases in daily ICU admissions of COVID-19 positive patients in Ireland
Epoch

Dates

Description

1: Pre-growth

19-Mar-20 to
30-Mar-20

The number of admissions to ICU of COVID positive patients was stable, with an
average of 8 new admissions per day.

31-Mar-20 to
17-Apr-20

The number of admissions to ICU remained stable, but at a higher level. The average
during this period was 11 new admissions per day.

18-Apr-20 to
17-May-20

The number of admissions to ICU remained stable, but at a lower level. The average
during this period was 5 new admissions per day.

18-May-20
to 11-Jul-20

The number of admissions to ICU remained stable, but at a lower level. The average
during this period was 1.3 new admissions per day.

12-Jul-20 to
20-Sep-20

There was a further decrease in the average number of admissions to ICU. During this
time the average was 0.14 per day (i.e. 1 admission per week) and stable.

21-Sep-20 to
04-Jan-21

The average number of admissions to ICU remained stable, but at a higher level. During
this period the average was 2 admissions per day.

05-Jan-21 to
14-Feb-21

There was a further increase in the average number of admissions to 16 per day, but
admissions to ICU remained stable during this period.

332 days
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Figure 5: Statistical process control chart of daily reported deaths among people with confirmed, probable or possible COVID19 in Ireland (adjusted)
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Figure 5 shows an SPC chart using this approach for the daily number of deaths reported among people with
confirmed, probable or possible COVID-19 in COVID-19 positive patients in Ireland between 11th March 2020
and 14th February 2021. The data has been adjusted to account for day of week variations. Table 4 describes the
phases:
Table 4: Overview of phases in daily reported deaths among people with confirmed, probable or possible COVID-19 in Ireland
Epoch

Dates

Description

1: Pre-growth

11-Mar-20 to
25-Mar-20

The first death of a patient with COVID-19 in Ireland was reported on 11 March 2020.
th
Up until 25 March the number of deaths was not growing at a rapid rate. The average
number of deaths reported during this time was 1 per day.

26-Mar-20 to
18-Apr-20

Ireland experienced rapid growth in the daily number of reported deaths among people
with COVID-19, during which time the average number increased from 9 per day to 50
per day.

19-Apr-20 to
02-Aug-20

The number of deaths trended downwards from an average of 57 per day to 0.3 per
day (i.e. 2 per week).

03-Aug-20 to
29-Aug-20

Ireland moved to Epoch 4, during which time the average number of deaths remained
stable at 0.67 per day (i.e. 4.7 per week).

30-Aug-20 to
05-Sep-20

There was a slight increase in the average number of deaths to 0.71 per day (5 per
week), but the number of deaths remained stable.

06-Sep-20 to
26-Oct-20

There was a further shift upwards in the number of deaths with an average of 1.2 per
day during this time. The number of deaths remained stable.

27-Oct-20 to
09-Jan-21

There was a further shift upwards in the number of deaths with an average of 4.7 per
day during this time. The number of deaths remained stable.

10-Jan-21 to
14-Feb-21

There was a further shift upwards in the number of deaths, with an average of 46 per
day during this time. However the number of deaths remained stable during this
period, and did not grow rapidly.

15 days
2: Rapid growth
24 days
3: Plateau or
descent

th

106 days
4: Stability after
descent
195 days
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Variation in COVID-19 incidence across Ireland
The SPC charts above describe the variation in COVID-19 cases, deaths, hospitalisations and ICU admissions over
time in Ireland. Of interest also is the variation in COVID-19 within Ireland. Funnel plots are a particular type of SPC
/ Shewhart chart where the data are ordered by denominator size (e.g. population) rather than ordered by time. This
allows us to identify any special cause or unusual variation across a country at a point in time. The funnel plot below
shows the rate of COVID-19 cases per 100,000 population within each county in Ireland since the beginning of the
pandemic.
th

Figure 6: Statistical process control funnel plot of total COVID-19 cases per 100,000 population from 29 February to 12
February 2021, by county of residence in Ireland.
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As of 12th February 2021, there have been 208,794 cases of COVID-19 reported in Ireland. This equates to a rate of
4,385 cases per 100,000 population. Figure 6 shows that while the rate per 100,000 by county of residence ranges
from 2,138 per 100,000 in Leitrim to 7,533 per 100,000 in Monaghan (more than a 3 fold difference), all counties are
within the control limits. This means that there is no unexpected variation across the country in the overall
incidence of COVID-19, and the variation in the rates is what we would expect in a common system.
Initial experience with applying this approach to COVID-19 indicators for Ireland
Our early experience of applying this approach to four key COVID-19 measures has enhanced our understanding of
the variation in the data over time. We have learned that while the number of new cases of COVID-19 reported in
Ireland moved to the rapid growth phase (Epoch 2) of the pandemic curve 12 days after the first case was reported
on 29th February, the numbers of new hospital admissions and new ICU admissions of COVID-19 positive patients
remained in the pre-growth phase (Epoch 1) throughout the first wave. The number of deaths among people with
COVID-19 exhibited a similar growth pattern to the number of cases during the first wave. The number of deaths
entered the rapid growth phase (Epoch 2) 15 days after the first death was reported, and 26 days after the first case.
All four key measures were either stable or declining (Epochs 1, 3 or 4) from 19th April until 7th September. The
number of new cases reported entered the rapid growth phase again on 8th September until 15th October. During
this time the numbers of hospital admissions, ICU admissions and deaths did not grow rapidly.
The growth of the pandemic in Ireland during December 2020 was very different to the first wave in March / April
2020. The number of cases entered the rapid growth phase (Epoch 2) for the third time on December 20th until 30th
December. This coincided with the move to Level 5 with some modifications on 24th December, and the introduction
of full Level 5 restrictions on 30th December.
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Although the number of new cases entered the rapid growth phase on 20th December, the number of hospital
admissions had entered the growth phrase for the first time prior to this, on 3rd December. During this time the
public health restrictions were eased with a phased move to Level 3 commencing 1st December and the reopening of
indoor dining on 4th December.
The growth of the epidemic during December 2020 resulted in an almost tenfold increase in the number of deaths
among people with COVID-19, from an average of 4.7 deaths per day between 27th October and 9th January to 46 per
day between 10th January and 14th February. While the number of deaths did not revert back to rapid growth (Epoch
2), they still increased significantly and were cause for alarm.
The number of ICU admissions has remained in the pre-growth phase (Epoch 1) throughout the pandemic in Ireland,
and did not grow rapidly. This does not reflect the significant pressure that ICUs were under during the peak of the
first wave in April 2020 and again in January 2021, when patients with COVID-19 occupied up to 70% of available ICU
beds and a higher than normal proportion of ICU patients were invasively ventilated. Although ICU capacity was
increased during the pandemic, it remains limited. During this time high acuity care was delivered outside of critical
care units, including the use of non-invasive ventilation supported by critical care teams on wards. It is likely that
these measures prevented the rapid growth in daily ICU admissions.
As of 14th February, the number of cases and hospital admissions remain in Epoch 3 (plateau or descent). The
number of deaths entered Epoch 4 (Stability after descent) on 3rd August 2020 and remains in this Epoch, although
the average number of deaths remains higher than previous months. The number of ICU admissions remains in the
pre-growth phase (Epoch 1).
Further information


To view the SPC charts for the reported number of COVID-19 deaths in a number of countries, including Ireland,
visit the ISQua website here: https://isqua.org/covid19-research-page.html



For more detailed information on the development of this approach: https://doi.org/10.1093/intqhc/mzaa069



To view an early presentation on this methodology, see here: https://isqua.org/blog/covid-19/covid-19recordings/recorded-webinar-how-to-better-understand-and-manage-the-covid-19-crisis-using-improvementscience.html



To view the interview between Lloyd Provost and Philip Crowley, see here: https://youtu.be/K9lMjXizR40

Contact details
This report has been authored by Philip Crowley and Gráinne Cosgrove, HSE National Quality Improvement Team,
with the support and advice of Gareth Parry, Rocco Perla & Lloyd Provost. Gareth Parry has developed the code to
produce the SPC charts.
For further information contact:
Philip Crowley: Philip.Crowley@hse.ie
Gráinne Cosgrove: Grainne.Cosgrove3@hse.ie
Gareth Parry: Gareth.parry@childrens.harvard.edu
Rocco Perla: perla.roccoj@healthinitiativeusa.org
Lloyd Provost: lprovost@apiweb.org
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Appendix 1: COVID-19 Improvement Team behind the development of this approach
A team of five colleagues began collaborating shortly after the breakout of the Pandemic to apply their skills and
experience to the issues that were arising focused on learning from the variation in data over time. Their initial
COVID-19 mortality Shewhart chart was among the first models made publicly available in the United States and
internationally during the early stages of the Pandemic. They have worked together this year to lead webinars,
publish articles, papers and blogs, and support leaders applying the charts and methods they have created to learn
from COVID-19 related data as a guide to decision-making and learning.
Kevin Little, Ph.D., is principal of Informing Ecological Design, LLC, in Madison, Wisconsin. He has served the Institute
for Healthcare Improvement as an Improvement Advisor since 2001. Dr. Little received his master of science and
doctorate in statistics from the University of Wisconsin–Madison. Kevin’s information design perspective has been
shaped by his education in statistics and professional interaction with engineers who understand a theory of system
design and create functional systems.
Gareth Parry Ph.D., is Senior Staff Scientist in the Department for Plastic and Oral Surgery at Boston Children's
Hospital. He has a background in quality measurement and analysis and in the science of improvement. He has
authored multiple papers on quality measurement and on the evaluation of improvement initiatives worldwide.
Rocco Perla, Ed.D., is Co-Founder of The Health Initiative, a campaign catalysing a nationwide effort to spur a new
conversation about – and new investments in – health. He previously served as President of Health Leads, which
enables healthcare providers across the United States to address the fundamental drivers of patients’ health (access
to healthy food, safe homes). Prior to this, he served in the Obama Administration as part of the leadership team
that established the Center for Medicare and Medicaid Innovation where he developed the national learning system
to implement health reform efforts through the Affordable Care Act. He is an Assistant Professor of Population and
Quantitative Health Sciences at the University of Massachusetts Medical School with a joint appointment in Family
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