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ABSTRACT
Background Statistical process control charts (SPCs) 
distinguish signal from noise in quality and safety metrics 
and thus enable resources to be targeted towards the 
most suitable actions for improving processes and 
outcomes. Nevertheless, according to a recent study, 
SPCs are not widely used by hospital boards in England. 
To address this, an educational training initiative with 
training sessions lasting less than one and a half days 
was established to increase uptake of SPCs in board 
papers. This research evaluated the impact of the training 
sessions on the inclusion of SPCs in hospital board 
papers in England.
Methods We used a non- randomised controlled before 
and after design. Use of SPCs was examined in 40 
publicly available board papers across 20 hospitals; 10 
intervention hospitals and 10 control hospitals matched 
using hospital characteristics and time- period. Zero- 
inflated negative binomial regression models and t- tests 
compared changes in usage by means of a difference in 
difference approach.
Results Across the 40 board papers in our sample, we 
found 6287 charts. Control hospitals had 9/1585 (0.6%) 
SPCs before the intervention period and 23/1900 (1.2%) 
after the intervention period, whereas intervention 
hospitals increased from 89/1235 (7%) before to 
328/1567 (21%) after the intervention period; a relative 
risk ratio of 9 (95% CI 3 to 32). The absolute difference 
in use of SPCs was 17% (95% CI 6% to 27%) in favour 
of the intervention group.
Conclusions The results suggest that a scalable 
educational training initiative to improve use of SPCs 
within organisations can be effective. Future research 
could aim to overcome the limitations of observational 
research with an experimental design or seek to better 
understand mechanisms, decision- making and patient 
outcomes.

INTRODUCTION
Rationale for the use of statistical process 
control charts (SPCs)
The principles underlying statistical 
process control charts (SPCs) have been 
fundamental tenets of safety science 
since they were promoted by Deming 
and Shewhart in the 1930s.1 2 Originally 

developed to drive quality improvement 
in manufacturing, SPCs are now widely 
recommended for use in healthcare.3 
A key feature of SPCs is ‘process’ or 
‘control’ limits (henceforth used inter-
changeably) that visualise statistical vari-
ation from a mean. SPCs thus distinguish 
signal from noise or, in Deming and 
Shewhart’s original terminology, special 
cause from common cause variation. As 
a result, attention can be focused where 

Key messages

What is already known on this topic
 ⇒ Statistical process control charts (SPCs) 
provide a basis for quality management 
and enable resources to be targeted 
effectively. Earlier research suggests 
that many hospital governing bodies, 
known as hospital boards in England, do 
not use SPCs.

What this study adds
 ⇒ An educational initiative with training 
sessions is ongoing to stimulate the 
demand for and supply of SPCs. This 
study reports positive findings of a 
controlled before and after study on the 
effectiveness of the intervention using 
naturally occurring observational data 
from board meeting papers.

How this study might affect research, 
practice and/or policy

 ⇒ Our results were not likely due 
to a ‘rising tide’ of greater use of 
SPCs, which suggests that focused 
interventions supporting uptake may 
still be required. Future research should 
consider mechanisms and use an 
experimental design.
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it is needed. Presenting data in SPCs improve the 
ability of public advisors and hospital decision- makers 
to make good decisions given variation in the data, 
for instance, by not over- reacting to variation that is 
typical for a particular process of care.4 Examples of 
charts without and with process limits are shown in 
figures 1 and 2, respectively. Including process limits 
can limit the influence of cognitive biases that may 
otherwise guide decision- making. For example, in 
‘anchoring bias’, human attention anchors on the most 
extreme and recent data points in a time- series chart, 
regardless of whether these data lie within common 
cause variation.4 5 A recent randomised trial showed 
that the use of SPCs was associated with fewer adverse 
surgical outcomes.6 Thus, omitting information about 
statistical variation could compromise decision- 
making about process variation, instigate unnecessary 
intervention, and, consequently, lead to the inefficient 
allocation of resources.

Lack of adoption of control chart methods
Hospital boards in the English National Health Service 
(NHS) are made up of executive and non- executive 
members who have a duty to assure the quality and 

safety of services. Board papers, therefore, include 
charts displaying quality and safety metrics. A previous 
study investigated the prevalence of SPCs in the docu-
ments used by hospital board members (board papers) 
in England, UK. The findings showed that SPCs are not 
widely included in hospital board papers in England: 
in 30 randomly selected English acute care hospitals’ 
quality and safety board papers, nearly half (14/30, 
47%) of board papers did not contain any SPCs and 
only 12% (72 of 589) of the charts across papers were 
SPCs.7 Although the inclusion of SPCs in board papers 
does not necessarily indicate that these charts are 
being used effectively, it does suggest engagement with 
aspects of the approach.

An intervention to improve use of SPCs in board 
papers
The above findings underpinned the NHS Improve-
ment/England (NHS I/E) (2019) initiative called 
‘Making Data Count’ that encourages NHS insti-
tutions to adopt SPCs.8 NHS I/E is the organisation 
responsible for driving up the standard of care in 
the NHS. The initiative is comprised of educational 
resources and training sessions which take less than 
one and a half days to deliver, as described below in 
the “intervention” section.

Study aims
The research aimed to assess the effect of the Making 
Data Count training sessions on the appearance of 
SPCs in publicly available board papers from NHS 
hospitals and to assess perceptions of the sessions 
among attendees. We conducted a systematic search 
for initiatives that aimed to improve use of SPCs for 
routine surveillance in healthcare. Our search strategy 
is laid out in figure 3 and discussed in the study 
protocol (online supplemental file 1). We looked for 
studies using SPCs in routine surveillance (rather than 
within an intervention to improve a given process)9 
and found no papers replicating our approach.

METHODS
A study protocol detailing the methods was published 
on the Open Science Foundation10 (online supple-
mental file 1). The SQUIRE reporting guideline check-
list11 was completed (online supplemental file 2).

Context
NHS Improvement delivered Making Data Count 
training sessions to NHS hospital board members 
and hospital analysts from November 2017. Hospital 
recruitment was performed by snowball sampling, 
where information on the training sessions was dissem-
inated using social media, email and word of mouth.

Intervention
The TIDier checklist12 was completed (online supple-
mental file 3). The Making Data Count training 

Figure 1 Drawn from real hospital data presented in Schmidtke et al.17 
Time series chart showing the number of unplanned readmissions within 
48 hours of discharge from April 2012 until July 2013 at a single hospital.

Figure 2 Drawn from real hospital data presented in Schmidtke et al.17 
SPC showing the number of unplanned readmissions within 48 hours 
of discharge from April 2012 until July 2013 at a single hospital. SPC, 
statistical process control chart.
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sessions were delivered to two groups of hospital staff. 
One group was board members who received sessions 
lasting around 90 min. The second group were quality 
improvement staff, including analysts, clinicians and 
operational staff, and their training took place over one 
working day. The training sessions aimed to improve 
knowledge about SPCs and increase their uptake (see 
online supplemental files 4 and 5 for training Power-
Points). Content included background on SPCs, when 
and how to use them, how they can be generated and 
how they can inform decision- making about process 
variation. Topics included identifying trends, special 
versus common cause variation and using icons to 
summarise trends. The limitations of other charts were 
discussed, and, importantly, each training session was 
personalised using hospitals’ own data. No specific 
software platform was recommended for creating 
SPCs, but the training team provided tools in Excel and 
SQL software that could be adapted by the trainees. 
If trainees requested further tools, the training team 
provided details about other organisations that could 
provide information on other software tools such as 
Business Objects, Tableau and Qlik.

Study of the intervention
Sample size
Our sample size was based on detecting a 30 percentage- 
point improvement in the proportion of SPCs from 
10% preintervention to 40% postintervention. Given 
that the effectiveness of the training intervention on 
patient safety is contingent on changes in the uptake 
of SPCs in board papers, we believed that at least a 
‘moderate’ effect size13 would be necessary to stimu-
late widespread adoption. Assuming 5% significance 
and 80% power, and assuming a correlation between 
preintervention and postintervention measures of 0.90 
based on a t- test,14 a minimum of 16 hospitals in total 
with preintervention and postintervention measures 
was required (eight in each arm). We included 20 
hospitals to err on the side of caution.

Hospital selection
We selected 10 acute care hospitals that received the 
training after February 2018. To achieve temporal 
heterogeneity, we sampled one training intervention 
hospital per month. If more than one hospital received 
the training intervention in each month, we randomly 
selected one of the hospitals. We then selected 
matched control hospitals that had not received the 
training using the NHS Digital Peer Finder tool.15 
Hospitals were matched on the number of patient 
attendances, degree of specialisation and depriva-
tion level. Degree of specialisation was defined as the 
divergence of individual trust Healthcare Resource 
Group activity profile from the national profile.15 
Deprivation level was obtained from the average 2010 
Index of Multiple Deprivation score in Lower Super 
Output Areas (containing about 1500 people) where 
the hospitals’ patients live.16 Tiebreaker characteristics 
were number of full- time equivalent staff, urban loca-
tion and whether the hospital had been classified as a 
‘foundation hospital’ by NHS authorities.

Board paper selection
For the intervention hospitals, the preintervention 
board paper was the first paper published at least 1 
month before the training intervention. The postint-
ervention board paper was the first board paper 
published at least 6 months after the intervention. The 
papers from the control hospitals were selected at the 
closest month to their matched intervention hospitals. 
Figure 4 shows the study design with 20 observations 
for the intervention hospitals (10 preintervention 
and 10 postintervention) and 20 observations for the 
matched control hospitals (again 10 preintervention 
and 10 postintervention), giving a total sample of 40 
board papers across 20 hospitals.

Quantitative measures: intervention versus control hospitals
In line with previous research on use of SPCs in 
board papers,17 our main outcome measure was the 

Figure 3 Results of systematic review seeking studies on training 
interventions to increase the use of SPCs for routine monitoring within 
institutions. SPC, statistical process control chart.

Figure 4 Selected board papers for preintervention and postintervention 
periods, and month of training intervention, for 10 acute hospitals that 
received ‘Making Data Count’ training sessions.
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proportion of all charts in the board papers made 
up of SPCs. There were three other outcomes: first, 
the proportion of quality and safety charts made up 
of SPCs; second, the proportion of time series charts 
made up of SPCs and third, the proportion of time 
series and between groups charts made up of SPCs 
(between group charts include funnel charts that show 
data between hospitals).

Quantitative measures: examination of SPCs in intervention and control 
hospitals
We examined SPCs included in board papers of the 
intervention and control hospitals for inclusion of 
certain specific factors included in the training for 
intervention hospitals (see PowerPoint slides in online 
supplemental file 4). One factor was icons (slide 47) 
that summarise statistical variation visually using 
colours and letters that indicate special or common 
cause variation or indicate performance relative to a 
target. Another was if the control limits were labelled 
(slides 32, 34). See online supplemental file 6 for the 
coding frame.

Quantitative coding
Four independent reviewers (R1, R2, R3, R4) 
conducted the quantitative coding. In step one, R1 and 
R2 independently identified charts and classified them 
according to whether they were quality and safety 
charts. In step two, R2 removed information regarding 
the hospital and the board meeting date. In step three, 
R3 and R4 identified the types of charts and specific 
elements of SPCs if identified. Any deblinding was 
reported.

Qualitative measures
The qualitative measures were four questions asked 
after the training sessions in feedback forms: ‘What 
went well today?’, ‘What could have been done differ-
ently?’, ‘What are your key takeaways?’ and ‘Any other 
comments about today?’. These forms were designed 
and administered by NHS- I/E and made available to 
the research team.

Analysis
Hospital characteristics were summarised using means 
and SD. Inter- rater reliability was calculated using 
kappa statistics. Information regarding the type of 
charts and features of SPCs (online supplemental file 6) 

was summarised using counts and proportions. Next, 
we examined the effect of the training intervention on 
the main outcomes. For all hospitals, we first summa-
rised the number of SPCs (outcome), the total number 
of charts and the proportion of SPCs out of all charts. 
The difference in the proportion of SPCs between 
preintervention and postintervention was computed 
for each hospital. This information was stratified by 
intervention and control hospitals, compared using a 
t- test and represented as a difference in difference with 
95% CI.

To determine the relative effect (risk ratio) of the 
intervention, we fit a cluster- level analysis using 
zero- inflated negative Binomial regression model (as 
outcome data contain a high number of zero counts 
and there was overdispersion), with the outcome the 
number of SPCs in the postintervention period, fixed 
categorical effects for the intervention, the proportion 
of SPCs in preintervention period and an exposure of 
all charts in the postintervention period.

In sensitivity analyses (see online supplemental file 
7), we explored other models. The analyses presented 
as our primary analysis (zero- inflated negative Bino-
mial) differed to that planned (Poisson) due to many 
hospitals having no SPCs (high number of zero counts).

For the qualitative responses, a thematic analysis 
was conducted to identify barriers to and facilitators 
of using SPCs.18 We used an inductive, semantic and 
(critical) realist approach. One researcher coded each 
response into the main theme present in the data. 
These were reviewed by a second researcher who 
discussed the codes with the first researcher.

RESULTS
Hospital characteristics
Information about the 20 hospitals from the NHS 
Digital Peer Finder Tool15 at baseline is summarised in 
table 1. On average, there were slightly more patient 
attendances per year in the intervention hospitals (1.7 
mil, SD=0.5 mil) than in the matched control hospi-
tals (1.3 mil, SD=0.75 mil). The degree of specialisa-
tion score was lower on average in the intervention 
group (83 739, SD=80 639) than in the matched 
control group (138 747, SD=135 068). The average 
2010 Index of Multiple Deprivation was similar, at 
24 (SD=7) in the intervention and 23 (SD=5) in the 
matched control sample.

Table 1 Hospital characteristics. means with SD in parentheses

Intervention Matched control Overall

N=10 N=10 N=20

Attendances 1 167 058 (506 825) 1 341 442 (750 439) 1 254 250 (646 233)
Degree of specialisation 83 739 (80 639) 138 747 (135 068) 105 623 (113 366)
Deprivation 24 (7) 23 (5) 23 (6)
Further details available from NHS Digital Per Finder Tool.15
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Inter-rater reliability and blinding
Percentage agreement was 99.6% (Cohen’s k=0.97) 
for SPCs, 98.5% (Cohen’s k=0.94) for time series 
charts, 89.0% (Cohen’s k=0.61) for time series and 
between group charts, and 89.9% (Cohen’s k=0.80) 
for quality and safety charts. In no cases was a rater 
‘de- blinded’ such that they could discern whether a 
board paper arose before or after the salient inter-
vention period. There were 12 images referred to the 
chief project investor because it was unclear whether 
they were charts (eg, the resolution may have been too 
poor to tell) and agreement on the appropriate deci-
sion was reached in all cases.

Chart characteristics for all charts in intervention and 
control hospitals
There were 6318 charts identified. However, 31 were 
either educational SPCs with example data, illustrative 

data not about the hospital, or they were icons without 
any data. These charts were removed from the anal-
yses. After excluding these charts, 6287 charts were 
retained for analyses (see table 2). Nearly one- half of 
charts (3003/6287, 48%) were quality and safety charts. 
Time series charts were more common (4741/6287, 
75%) than between group charts (640/6287, 10%) and 
906/6287 (14%) charts were comprised of both time 
series and between group presentations (combined). 
Of all 6287 charts, 449 (7%) were SPCs. Of the 449 
SPCs, 63/449 (14%) had a summary icon displayed on 
them, and the control limits were labelled for 342/449 
(76%) of the SPCs. For most charts with labelled limits 
(191/342, 56%), the label was UCL (‘upper confidence 
limit’) or LCL (‘lower confidence limit’) rather than 
specifying where the limit was set (see online supple-
mental file 6 for further description of the SPCs).

Effects of training intervention (intervention versus 
control hospitals)
All charts
The raw numbers and proportions of SPCs used by 
group (control and intervention), hospital and time- 
period (preintervention and postintervention) for all 
charts are shown in table 3 and figure 5. On average in 
the control group, there was very little change in use 
of SPCs from before (9/1585, 0.6%) to after (23/1900, 
1.2%) the intervention period (average difference 0%, 
95% CI −2% to 2%). In the training intervention 

Table 2 Chart characteristics (all charts)

Type of chart
All charts (n=6287)
n (%)

Quality and safety chart 3003 (47.7)
Time series, between group or both 6287 (100)
  Time series only 4741 (75.4)
  Between group only 640 (10.2)
  Time series and between group 906 (14.4)
Further details available in online supplemental file 6.

Table 3 SPC usage by group, hospital and period (all charts)

Control group Intervention group

Hospital

Preintervention Postintervention Post- Pre

Hospital

Preintervention Postintervention Post- Pre

SPC/chart (%) SPC/chart (%) % difference SPC/chart (%) SPC/chart (%) % difference

1 2/62 (3) 0/81 (0) −3 11 1/206 (0) 9/225 (4) 4
2 0/87 (0) 0/127 (0) 0 12 0/149 (0) 0/131 (0) 0
3 0/13 (0) 2/119 (2) 2 13 0/123 (0) 0/84 (0) 0
4 0/643 (0) 0/687 (0) 0 14 3/140 (2) 91/256 (36) 34
5 0/158 (0) 0/170 (0) 0 15 52/116 (45) 47/67 (70) 25
6 0/101 (0) 15/179 (8) 8 16 0/70 (0) 58/81 (72) 72
7 0/157 (0) 0/151 (0) 0 17 0/18 (0) 27/67 (40) 40
8 0/104 (0) 0/101 (0) 0 18 18/176 (10) 42/457 (9) −1
9 2/153 (1) 6/200 (3) 2 19 0/89 (0) 27/86 (31) 31

10 5/107 (5) 0/85 (0) −5 20 15/148 (10) 27/113 (24) 14
Total 9/1585 (0.6) 23/1900 (1.2) 0.6 Total 89/1235 (7) 328/1567 (21) 14
Average difference in control group
(95% CI)

0 (−2 to 2) Average difference in intervention group
(95% CI)

22 (2 to 42)

Average difference between intervention and control 
group* (95% CI)

17 (6 to 27)

Average relative change between intervention and 
control group† (95% CI)

9 (3 to 32)

For each hospital in preintervention and postintervention periods, the number of SPCs, the number of all charts and percentage of SPCs out of all charts 
are reported.
*T- test comparing average difference in proportions between intervention and control group. Percentage difference and 95% CI are reported.
†Zero- inflated negative Binomial regression models. Outcome is number of SPCs in postintervention period, adjusting for preintervention proportion of 
SPCs . Exposure is all charts. Risk ratios and 95% CI are reported.
SPC, statistical process control chart.
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group, use of SPCs increased from 89/1235 (7%) to 
328/1567 (21%), and the average difference was 22% 
(95% CI 2% to 42%). On average, the absolute differ-
ence in use of SPCs was 17% (95% CI 6% to 27%) 
higher in the intervention group compared with the 
control group. Use of SPCs in the postintervention 
period was nine times higher (95% CI 3 to 32) in the 
intervention group compared with the control group, 
adjusting for the preintervention (baseline) proportion 
of SPCs.

Subset of quality and safety charts only
As planned, we carried out an analysis restricted 
to quality and safety charts. The raw number and 
proportions of SPCs used by group (control, inter-
vention), hospital, and time- period (preintervention 
versus postintervention) for quality and safety charts 
are shown in table 4. In the control group, there 
was very little change in use of SPCs before (7/657, 
1%) to after (12/741, 2%) the training intervention 
period (average difference 0%, 95% CI −3% to 4%). 
In the training intervention group, use of SPCs was 
71/684 (10%) before and 213/921 (23%) after the 
training, and the average difference was 21% (95% 
CI 0% to 42%). On average, the difference in use 
of SPCs was 18% (95% CI 7% to 29%) higher in 
the intervention group compared with the control 
group. In model- based analyses, use of SPCs in the 
postintervention period was nine times higher (95% 
CI 2 to 41) in the intervention group compared with 
the control group.

Subset of time series charts
Further analyses regarding changing the exposures 
to time series charts and between group charts are 
reported in online supplemental file 7, Tables S7- 2 and 
S7- 3. For the model with the time series chart expo-
sure, the results were broadly similar to the main anal-
ysis.

Figure 5 Use of SPCs—premeasurements and postmeasurements by 
group. SPC, statistical process control chart.

Table 4 SPC usage by group, hospital and period (planned subgroup analysis—quality and safety charts only)

Control group Intervention group

Hospital

Preintervention Postintervention Post- Pre

Hospital

Preintervention Postintervention Post- Pre

SPC/chart (%) SPC/chart (%) % difference SPC/chart (%) SPC/chart (%) % difference

1 2/23 (9) 0/16 (0) -9 11 1/130 (0) 3/125 (2) 2
2 0/56 (0) 0/95 (0) 0 12 0/87 (0) 0/71 (0) 0
3 0/13 (0) 2/26 (8) 8 13 0/38 (0) 0/29 (0) 0
4 0/189 (0) 0/198 (0) 0 14 3/95 (3) 49/152 (32) 29
5 0/80 (0) 0/86 (0) 0 15 37/70 (53) 33/47 (70) 17
6 0/50 (0) 9/98 (9) 9 16 0/47 (0) 26/41 (63) 63
7 0/86 (0) 0/86 (0) 0 17 0/11 (0) 25/48 (52) 52
8 0/60 (0) 0/52 (0) 0 18 16/74 (22) 35/285 (12) −10
9 0/40 (0) 1/44 (2) 2 19 0/50 (0) 19/46 (41) 41

10 5/60 (8) 0/40 (0) −8 20 14/82 (17) 23/77 (30) 13
Total 7/657 (1) 12/741 (2) 1 Total 71/684 (10) 213/921 (23) 13
Average difference in control group
(95% CI)

0 (−3 to 4) Average difference in intervention group
(95% CI)

21 (0 to 42)

Average difference between intervention and control 
group* (95% CI)

18 (7 to 29)

Average relative change between intervention and control 
group† (95% CI)

9 (2 to 41)

For each hospital in preintervention and postintervention periods, the number of SPCs, the number of all charts and percentage of SPCs out of all charts 
are reported. Subgroup analysis safety and quality charts only.
*T- test comparing average difference in proportions between intervention and control group. Percentage difference and 95% CI are reported.
†Zero- inflated negative Binomial regression models. Outcome is number of SPCs in postintervention period, adjusting for preintervention proportion of 
SPCs . Exposure is all charts. Risk ratios and 95% CI are reported. Subgroup analysis safety and quality charts only.
SPC, statistical process control.
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Subset of time series and between group charts
For the model with the times series and between group 
exposure, the average difference in use of SPCs was 
10% (95% CI 0% to 20%) higher in the intervention 
group compared with the control group. The zero- 
inflated negative binomial model did not converge for 
these data, possibly due to the high number of zero 
cells in the outcome (37/40 observations).

Thematic analysis of qualitative data
Written responses from the feedback forms were avail-
able for 7 out of 10 hospitals in the training interven-
tion sample, including two hospitals that increased 
the SPCs in board papers by less than 10%. Most 
comments consisted of a few words or one sentence. 
The main themes relating to responses to the ques-
tion about what went well were the general format, 
content and delivery of the training (n=21/66), such 
as ‘Topic relevant and timely’; practical and personal 
examples that use own hospitals’ data (n=19/66), 
such as ‘trust (hospital) data brought it alive’; conver-
sation, discussion and interaction (n=10/66), such as 
‘interactive opportunity to discuss examples’; format-
ting, use and insights (n=10/66), such as ‘good expla-
nation of SPC rules’ and other general comments 
(n=6/66).

The question about what could have been done 
differently during the training elicited fewer responses 
overall (n=32) than did the question about what went 
well (n=66); this was true across hospitals, including 
those that changed their use of SPCs both more and 
less than 10%. The main themes relating to what 
could have been done differently were the session 
format (n=15/32), such as ‘more time for discussion’ 
and ‘break out into groups’; no suggestions for doing 
anything differently (5/32); the training content (4/32), 
such as having a ‘technical supplement’ and ‘more on 
the calculation of control limits’ and requests for more 
examples using own hospital data (3/32), providing 
handouts (3/32) and other (2/32).

Most participants mentioned awareness of SPCs 
themselves as a key takeaway (n=29/70). Others 
commented on the general use of SPCs (n=23/70), 
such as trend lines, tools and templates, and under-
standing ‘how poor presentation can lead to poor 
decisions’. Several participants commented that the 
training changed how they interpret data (n=6/70), 
intend to report data (6/70) or generally think about 
data and reporting (4/70). The other comments 
(n=2/70) were about encouraging others and timelines 
for implementation.

Finally, when asked for any other comments, most 
participants made generally positive comments on the 
training (25/26). Only one (1/26) participant suggested 
that ‘next steps are important’, which may reference 
the need to consider implementation steps in training.

DISCUSSION
Summary of main results
This study investigated whether an educational training 
intervention increased the use of SPCs in NHS hospi-
tals. We studied the board papers of 10 hospitals that 
received the training before and after the intervention, 
along with those from 10 control hospitals that did not 
receive training over the same time- period. The results 
showed that most hospitals increased the proportion of 
SPCs in their board papers after the training interven-
tion, while there was almost no change in the propor-
tion of SPCs among the controls. In model- based anal-
yses, trained hospitals increased their uptake nine- fold 
relative to controls. The intervention consisted of a 
day of training for quality improvement staff and 90 
min for board members. As this is not a highly inten-
sive intervention, it should be scalable across most 
contexts.

Interpretation of main results
Interpretation with reference to prior literature
These results are important for several reasons. First, 
many hospitals do not depict statistical variation in 
the documents used to inform decision- making about 
process variation.7 Second, the use of SPCs enables 
management’s recommendations to align with statis-
tical findings.4 A recent trial in France found that 
surgical departments using SPCs had better patient 
outcomes than controls. Notably, the French inter-
vention appeared more intensive than the training 
intervention that we evaluated. It provided depart-
ments with SPCs from publicly available data, encour-
aged structured meetings and supplied logbooks for 
completion. These activities were all in addition to 3 
days of training.6 Our results suggest that a simpler 
approach can effect change in the prevalence of charts 
in board papers, although it is a matter of opinion as 
to whether the change in the hospitals that improved 
was sufficient to influence improvements in processes 
and outcomes. Evidence on generalisable mechanisms 
linking the appearance of charts to quality improve-
ment would more fully inform such opinions, such as 
perceptions of decisions taken based on the charts and 
hospital culture.

Interpretation of heterogeneity of the results
Improvement was not uniform across intervention 
hospitals. The qualitative data do not explain why 
some hospitals improved but not others, as nearly 
all respondents reported positive perceptions of the 
training—including in hospitals that did not change 
their use of SPCs in board papers. However, these posi-
tive responses may have been shaped by social desira-
bility bias.19 Moreover, some respondents requested 
more information, including a technical supplement 
and more on calculating control limits, suggesting that 
not all training needs had been fulfilled and further 
sessions or re- engagement may be required.
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Interpretation of proportional changes
There are several mechanisms by which the propor-
tional changes in this study could be brought about. 
As intended, many charts that were previously not 
produced as SPCs could be transformed into SPCs. 
However, the total number of charts in the denomi-
nator could have decreased because of the interven-
tion, thereby exaggerating improvement in the propor-
tion of hospitals using SPCs (see detailed discussion in 
online supplemental file 8). Note that this mechanism 
is possible even in a randomised trial, as the interven-
tion could have prompted changes in the number of 
charts presented to boards. On balance, we interpret 
our results as supporting the increased adoption of 
SPCs while acknowledging the alternative mecha-
nisms. We also note that there is no agreed proportion 
of SPCs in board papers that would indicate sufficient 
usage after training, and the need for SPCs could vary 
by context as topics of concern may change over time.

Issues related to the presentation of SPCs in board 
papers
The presentation of SPCs could be further improved. 
Nearly half of SPCs did not state where the control 
limit had been set, either not mentioning the limit or 
simply recording ‘UCL’ and ‘LCL’ without specifying 
the limit (eg, three SD). Without labels on limits, the 
degree of uncertainty that they represent is unclear. 
We did not compare the labelling and limits of inter-
vention and control hospitals due to the small number 
of identified SPCs.

Issues related to the implementation of SPCs in 
hospitals
The use of SPCs takes place within broader organi-
sational contexts. It is possible that SPCs are not 
included in board papers but are used elsewhere—such 
as in quality and safety subcommittees. We believe this 
is unlikely given the explicit quality assurance function 
of hospital boards. Training alone may be insufficient 
to encourage adoption of SPCs if the organisational 
context is not supportive. Importantly, SPC usage is 
not a sufficient condition for improvement, just as 
checklists cannot, by themselves, effect safe practice.20 
There must be a supportive implementation context: a 
team of analysts to create the charts, board members 
who view and interpret charts, managers who discuss 
and act on the information presented in the chart and 
staff at the front line. SPCs are but one element in a 
chain of events influencing the safety and quality of 
patient care.

Limitations
Limitations of our study
Our research design does not fully permit a causal 
interpretation of the results. However, the use of 
contemporaneous controls showed that our results are 
not likely due to a ‘rising tide’ of greater use of SPCs 

among all NHS hospitals.21 Although control hospitals 
were selected to be as similar as possible to interven-
tion hospitals, clear differences were observed at base-
line, including in use of SPCs (Hospitals 15, 18, 20). 
We adjusted for observed differences between hospi-
tals and the before and after design allows us to adjust 
for differences in baseline rates of the outcome vari-
able (use of SPCs). However, especially given baseline 
differences, we must suspect unobserved confounders; 
for example, the intervention hospitals might have 
been more motivated to change in response to the 
training.

Limitations of research in the area
Future research should consider an investigation that 
randomly assigns hospitals to training interventions to 
balance these factors between groups. Other investi-
gations might also research effects for other forms of 
hospitals, such as mental health or community care 
hospitals, to explore generalisability. Studies could 
explore which aspects of the training are effective, 
such as the personalisation element, trainers them-
selves and trainees’ understanding and confidence.20 
Importantly, the causal chain linking the prevalence 
of charts in board papers to patient outcomes should 
be evidenced, including by qualitatively understanding 
decision- making related to patient care.

Limitations of qualitative research
A limitation of our qualitative data is that it came from 
feedback solicited only shortly after the intervention, 
which restricts the investigation of mechanisms like 
confidence in the longer term.

CONCLUSION
Certainly, not all the charts within board papers could 
or should be SPCs. SPCs are not a panacea for under-
standing data related to all quality improvement issues. 
However, the high proportion charts with time series 
information in the board papers (90%), combined 
with lack of use of SPCs, suggests substantial scope to 
better visualise chance variation in the data presented 
to decision- makers. Our results suggest that educa-
tional training initiatives may bolster progress towards 
this aim.
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Abstract 

 

 

Background. Hospital board members use data to inform their decision-making. The way that 

these data are presented can impact whether hospital board members choose to intervene. 

Existing research shows that the process limits on statistical process control (SPC) charts 

improve the ability of hospital decision-makers to align their investigative recommendations 

with statistical findings. Yet SPCs are not widely used within the UK National Health 

Services (NHS). An educational training initiative called „Making Data Count‟ was 

established by NHS Improvement/England (NHS-I/E) to improve the uptake of SPC charts in 

NHS institutions. The present research will evaluate the impact of NHS-I/E training sessions 

on SPC chart usage. 

 

Methods. A controlled before and after design. SPC chart usage will be examined in a sample 

of 40 board papers across 20 trusts. The sample will include 20 board papers across ten trusts 

that have completed the training intervention (ten pre and ten post intervention), and 20 board 

papers across ten different trusts that have not completed the training intervention that will be 

external controls. These external controls will be matched according to trust characteristics 

and time period. Poisson regression will be used to compare rates of control chart usage pre 

and post intervention, and between the intervention and control groups, using a difference in 

difference approach. Qualitative thematic analysis of feedback forms will be conducted.  

 

Discussion. The present research will evaluate the impact of NHS-I/E training sessions on the 

use of SPC charts by examining whether SPC charts appear in NHS trust board papers before 

and after trainings. The results will contribute to our understanding of whether and why 

educational initiatives are effective in changing how data are used within healthcare settings.  
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Background 

 

Problem description 

 

Consider the following scenario: you are on the board of an NHS trust and have just received 

new data showing that average waiting times increased last week. Although you have not yet 

exceeded the national target for waiting times, you are inching ever-closer. You are uneasy. 

You do not want to be in breach of the target, but you are not sure that the increase from last 

week is meaningful enough to take any action. What steps would you take in order to decide 

whether the increase is meaningful? 

 

While there are many aspects of this scenario that you could investigate, such as how far you 

are from the target and whether there have been any clinic cancellations recently, an 

important consideration is whether last week‟s increase is due to chance. In other words, is 

the variation within the bounds of what would be expected due to random fluctuations in the 

data that naturally occur over time? Despite the importance of this question, the data 

presented to boards do not always contain sufficient information for board members to 

consider how chance influences key indicators over time (Schmidtke et al., 2017). Omitting 

the role of chance could lead to sub-optimal decision-making and, consequently, inefficient 

allocation of resources. Adverse consequences might manifest through unnecessary 

intervention for a metric that has been incorrectly interpreted as deteriorating performance 

when it is in fact expected (or „common-cause‟) variation. 

 

Available knowledge 

 

In the United Kingdom, the term „trusts‟ refers to organisations within the National Health 

Service (NHS) that provide healthcare services. These trusts have boards that are comprised 

of executive and non-executive members who collaboratively review documents and make 

decisions about ongoing performance. The documents associated with these meetings are 

published as publicly available „board papers‟, which contain text and charts. Some of the 

charts are statistical process control (SPC) charts, whereas others are not SPC charts.  

 

Historically, SPCs charts were first developed for the manufacturing industry and their use in 

the health sector is widely recommended (Mohammed, Cheng, Rouse & Marshall, 2001). 
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SPC charts can help decision-makers consider the role of chance by displaying „process 

limits‟ that depict statistically informed thresholds, such as how far away a data point is from 

the mean. Examples of charts without and with process limits are shown in Figures 1 and 2, 

respectively. These are fictitious and stylised charts displaying „diagnostic assessment 

compliance‟ rates for a disease from April 2016 to October 2017.  

 

Figure 1: Run chart showing monthly changes in diagnostic assessment compliance – without 

process limits (stylised example) 

 

Figure 2: Statistical process control chart showing monthly changes in diagnostic assessment 

compliance – with process limits (stylised example) 

 

 

 

In Figure 1, where the data do not have process limits, it is difficult to ascertain whether 

monthly compliance rates that are above and/or below the mean are departures from natural 
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variation over time. In Figure 2, with process limits, it is possible to see that the variations 

can be predicted by chance, at least within the specified process limits displayed as dashed 

lines. Further examples of SPC charts are contained in Appendices A and B (available here, 

https://bit.ly/3j0N4Iu), which are discussed in more detail in the Methods.   

 

Despite recommendations to use SPC charts to monitor performance measures, SPC charts 

are still sparsely used in healthcare (Schmidtke et al., 2017). Other data presentation methods 

that do not include the role of chance are prevalent, such as R-A-G charts. R-A-G charts are 

typically tables of data colour coded to indicate whether data fail to meet a specific target 

(red), are in danger of not meeting that target (amber), or are achieving and meeting that 

target (green). These targets are seldom informed
1
 by the data, and, therefore, are not always 

well suited to guide quality improvement (Anhøj & Hellesøe, 2017). In contrast, the process 

limits in SPC charts are data-driven, such as two or three sigma or standard deviations above 

or below the mean (Wheeler, 2013).  

 

SPC charts can improve people‟s abilities to identify outliers and align their investigative 

recommendations with statistical findings (Schmidtke, Watson & Vlaev, 2016). One of the 

reasons that incorporating process limits into run charts assists with interpreting the data is 

that they make sample size more salient, thus mitigating a cognitive bias called „base-rate 

neglect‟ (Tversky & Kahneman, 1974; Schmidtke et al, 2017). However, whether SPC charts 

improve decision-making through automatic or meaningfully reflective cognitive processes 

may depend on various factors, including what other information is presented in the chart. 

One factor may be whether the chart includes a label describing where the process limits are 

set, such as the use of one standard deviation in Figure 2. Labelling enables decision-makers 

to more accurately understand what it means if data are outside the control limits. Without 

these limits, decision-makers choices may still align with statistical recommendations, but 

only in an automatic cognitive capacity brought about by what the chart dictates as a 

statistical aberration using the r-a-g method.
2
  

 

                                                 
1
 The thresholds at which the RAG limits are set are sometimes user-defined. For example, if national target is 

to be above 90%, one Trust may define Amber as being performance below 94% - another may decide on 92%.  
2
 These are not the only criteria that may influence whether decision-makers engage in reflective and/or 

automatic thinking. For example, decision-makers also need to have sufficient skills and knowledge to interpret 

the process data being modelled within the chart, in addition to the opportunity to so (Michie et al, 2011) 
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Of course, many other factors can influence whether board members can use control charts 

effectively. In order for any behaviour to occur, people must possess the relevant capabilities 

(psychological, physical), opportunities (social, physical) and motivations (reflective, 

automatic; Michie, et al. 2011). For example, board members need to know how to interpret 

the information presented in the control chart (a capability factor), have the motivation to 

engage with the data at a deeper level than they would with target-focused evaluations (a 

motivational factor), and have access to satisfactorily constructed SPC charts in their board 

papers (an opportunity factor). The present study focuses on the capability and opportunity 

factors: explaining the use of SPC charts to board members and increasing the number of 

control charts present in NHS board papers, respectively.   

 

There are a large number of studies about specific quality improvement methodologies such 

as Lean, Six-sigma and Plan-Do-Action cycles that may use SPC methodology as part of the 

improvement process (Deblois & Lepanto, 2016). We are, however, not interested in the use 

of SPC methods as part and parcel of an intervention to improve a given process. Rather, we 

are interested in SPC methods being used in routine surveillance to identify processes to be 

improved. To understand if any similar studies had already been conducted, we therefore 

carried out a systematic literature search for methods to improve the use of SPC for routine 

surveillance. Our search strategy is laid out in Figure 3 and discussed in detail in Appendix C 

(available here: https://bit.ly/3j0N4Iu). We found no papers that replicated our study, and we 

can assert that this is the first study to examine the effectiveness of an intervention to increase 

the use of SPC charts across a range of routine monitoring programs at the institutional level. 

 

Figure 3: Results of systematic review seeking studies on training interventions to increase 

the use of SPC charts for routine monitoring within institutions   
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Our objectives were to identify if the training resulted in an increase in the proportion of SPC 

charts in board papers, and to thematically analyse participants’ reactions to the training 

sessions. This research protocol was prepared according to SQUIRE guidelines (Ogrinc, 

Davies, Goodman, Batalden, Davidoff & Stevens, 2016). 

 

 

Context 

 

The Making Data Count training sessions were delivered to NHS trust boards and to teams of 

hospital analysts by NHS Improvement from November 2017 onwards. NHS Improvement 

uses social media, email and word of mouth to invite trusts to participate. Thus, there is self-

selection into the training sessions, and the approach to recruitment into the training sessions 

is effectively snowball sampling. All trusts that received a training session that we will 

investigate are based in England. 

 

Intervention 

 

This intervention is described here according to TIDieR guidelines (Hoffman et al, 2014). 

Our completed TIDier checklist is in Appendix D (https://bit.ly/3j0N4Iu). The brief name of 

the intervention is „Making Data Count SPC training sessions‟. The training sessions are 

conducted to improve knowledge about SPC charts and increase their uptake. Two examples 

of PowerPoints slides used in the training sessions are shown in Appendices A and B 

(https://bit.ly/3j0N4Iu). The two Making Data Count guidebooks that supplement the training 

are available online (NHS Improvement, 2019). The training sessions cover the strengths and 

weaknesses of presenting data in different ways, and include background on what SPC charts 

are, when and how to use them, why they should be used, and how they can improve 

decision-making. Topics include identifying trends (e.g. seven points in one direction), 

special versus common cause variation, and summarising data using icons (see Appendix B, 

Slide 47, https://bit.ly/3j0N4Iu). The limitations of R-A-G systems are discussed, and, 

importantly, each training is personalised: trusts‟ data from their board papers are presented 

using SPCs in order to demonstrate the value of using SPCs.  

 

The Making Data Count training sessions are delivered at each trust to up to two groups of 

people separately, as mentioned above: board members and analysts. The training sessions 
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for board members are delivered over about 90 minutes, while training sessions for analysts 

are delivered over one working day. Training sessions are delivered by two experienced 

trainers from NHS Improvement with higher educational backgrounds in statistics and work 

experience in data analytics. One trainer visits each trust to deliver the training face-to-face to 

board members and, separately, to teams of analysts. Board and analyst trainings are not 

necessarily given on the same day and can be separated by around a month.  

 

Study of the intervention (evaluation design) 

 

Design 

 

This study will conduct a quantitative and qualitative evaluation of the training sessions. The 

quantitative evaluation will be a controlled before and after design that uses data from ten 

acute care trusts that received the training, as well as ten different acute care trusts that will 

be external matched controls. Board papers from before and after the training dates will be 

selected. The qualitative evaluation will thematically analyse responses to feedback forms 

from some of the trusts. Overall, the study design is pragmatic and determined by resource 

capacity to find and extract data from the board meeting papers. 

 

Selection of acute care trusts 

 

Due to resource constraints, we will be unable to examine board papers in all trusts that 

received a training from the start of the intervention period in March 2018. Instead, we will 

focus on the acute care trusts from the first year of trainings through March 2019. We will 

select ten trusts that received the training during different months in order to maximise 

temporal heterogeneity. These ten trusts are the training intervention sample.  

 

We will also identify ten acute trusts that have not received the training intervention to be 

external matched controls. The ten trusts in the intervention group will be matched to ten 

other trusts using the NHS Digital (2020) Peer Finder tool. This tool identifies trust peers 

based on variables such as attendances, deprivation, and patient profiles, and proposes ten 

peers with the smallest Euclidean distance to the selected trust. We will view the ten closest 

matches using the default tool weightings. From these ten closely matched trusts, we will 

select (without replacement) trusts that meet the following criteria (in order): 
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• did not receive a training intervention, 

• similar number of attendances, 

• similar degree of specialisation, and 

• similar level of deprivation. 

 

Occasionally, as tie breakers, other factors such as the number of FTE (full time equivalent) 

staff, urban location, and foundation status may be used as additional criteria. 

 

Selection of board papers from acute care trusts  

 

For the intervention group, we will identify board papers published in the month before the 

intervention was delivered (pre intervention observation) and approximately six months after 

delivery in each trust (post intervention observation). Boards do not publish their papers 

every month. In some cases, therefore, it is not possible to sample board papers exactly 

immediately prior to the training or six months immediately after the training. When it is not 

possible to select a board paper from the assigned month pre training, the first board paper 

published at least one month before intervention delivery will be selected; when it is not 

possible to select a board paper from the assigned month post-training, the first board paper 

published at least six months after the intervention delivery will be selected. This approach is 

shown in Figure 4, which represents the realised design in the intervention sample accounting 

for the fact that not all trusts have board papers available in the first month before the 

intervention or six months post intervention roll-out. 
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Figure 4: Selected board papers from for pre intervention and post intervention periods, and 

month of training intervention, for ten acute trusts that received „Making Data Count‟ training 

sessions  

 

Notes: The black boxes show the month of the training intervention. The ten cells with horizontal lines are those 

months where we will sample the pre intervention board papers from before the training. The ten cells with 

vertical lines are those months where we will sample the post-intervention board papers from after the training, 

which occur at least six months after the training. Trust 4 received trainings in August and September. 

 

For the external matched control group (not shown in Figure 4), we will identify board papers 

published in the months closest to the pre and post intervention observations from the 

matched trust in the intervention group. Overall, this equates to 20 different intervention and 

matched control trusts in total, each contributing two papers, for a total sample of 40 board 

papers.  

 

Quantitative measures 

 

We will create three quantitative measures from data in the board papers. The main outcome 

measure will be the proportion of charts that were SPC charts out of all charts presented. The 

other two outcomes will be the proportion of charts that were SPC charts out of all time series 

charts, and the proportion of charts that were SPC charts out of all time series and between 

group charts.  
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The rationale behind selecting the first outcome is that increasing the use of SPC charts is a 

main focus of the training intervention, and it can be created from information that is publicly 

available in board papers. This outcome may be considered a broad level at which the effects 

of training on control chart usage may be evidenced. Not all charts, however, can be easily 

transformed into SPC charts. The rationale behind selecting the other two outcomes is that 

time series and between group charts can be more directly transformed into SPC charts than 

can other types of charts, such as pie charts. Time series and between groups charts are, 

therefore, the types of charts that we most expect the training sessions to influence. We focus 

on time series charts separately because time sequences “in order” were the types of charts 

that Shewart‟s original SPC methodology encouraged (Shewhart, 1939/1986, p.12). Some 

additional descriptive information about all of the charts in the board papers, as well as about 

the SPC charts specifically, will be recorded (this is discussed in the section further below on 

„data extraction‟). 

 

Data extraction from board papers 

 

We will extract information from the board papers to populate the quantitative outcomes 

discussed above: number of SPC charts, total number of charts, number of time series charts, 

and number of between group charts. We will also extract additional information about the 

charts to illustrate the specific contexts where the training may be effective. The charts will 

be classified as „quality and safety‟ charts or not, following Schmidtke et al (2017), which 

may be interpreted in various ways. One definition of quality and safety is whether care 

“conforms to established treatment goals and care processes” (quality) and “avoids injuries to 

patients” (safety), as discussed by the Institute of Medicine (2002, p.92). Guided by this 

definition, our approach will use multiple raters to assess whether a particular chart depicts 

quality and safety information.    

 

Additional information about the nature and content of SPC charts identified will be recorded 

(see Appendix E, all Appendices here: https://bit.ly/3j0N4Iu): control limits (Appendix A, p. 

38; Appendix E, item 10), recalculation of control limits (Appendix B, p. 44-46; Appendix E, 

item 11),  run/trend points (Appendix A, p. 14; Appendix E, item 12), and whether there are 

comments about reasons for variation, or suggestions about intervening (Appendix B, p. 51; 

Appendix E, items 13-14). Whether the control limits are labelled is of interest because labels 

provide decision-makers with information that may engage reflective (vs. automatic) 
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cognitive processes. We will also assess whether r-a-g is still present in charts identified from 

the board papers (Appendix A, p. 4-7; Appendix E, item 1), and whether there are any icon 

summaries
3
 (Appendix B, p. 47; Appendix E, item 8), which were also covered in training.  

 

Blinding and agreement 

 

One reviewer will download the board papers from the web and four independent reviewers 

will examine the board papers (reviewers R1, R2, R3, R4). Reviewers examining the board 

papers for the presence and nature of SPC charts will be blind as to whether the board paper 

is from the control or post intervention period. To ensure agreement and blinding, the below 

four steps will be taken. Steps one and three ensure agreement between raters, and steps two 

and four ensure blinding: 

 

(1) Identification and sampling of charts. R1 will download the board papers. R1 and R2 will 

independently identify the total number of charts, and independently identify whether the 

chart is a quality and safety chart. R1 and R2 will discuss any disagreements to reach a 

consensus and inter-rater reliability will be calculated (prior to the consensus). Any 

unresolved disagreements will be referred to the chief project investigator. 

 

(2) Assessment of sample charts. R1 screenshots the charts and removes any information 

about name of trust and/or date of board paper, randomises the order of trusts, and sends them 

to R3 and R4.  

 

(3) Examination of charts. R3 and R4 will examine the charts and decide if the charts are 

SPC charts, time series charts, between group charts, or other types of charts. R3 and R4 will 

also give descriptions of the SPC charts according to the measures in Appendix E, described 

above.
4
 Inter-rater reliability will be calculated and R3 and R4 will subsequently discuss to 

reach a consensus. Any unresolved disagreements will be referred to the chief project 

investigator. 

 

(4) De-blinding report. R3 and R4 note if they have been de-blinded at any point.  

 

                                                 
3
 See Appendix E for example of SPC icon summary (here: https://bit.ly/3j0N4Iu). 
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Sample size calculation  

 

We are looking for a substantial effect size because, in contrast to a clinical intervention 

which affects patients directly, this service intervention affects patients indirectly (Lilford et 

al., 2010). It is, therefore, doubtful whether service managers would want to replicate the 

training intervention unless they could achieve a substantial improvement in uptake. Our 

sample size is based on the detection of a 30 percentage point improvement in the proportion 

of charts that are SPC from 10% to 40% between pre and post intervention measures. Sample 

size is calculated with an alpha of 0.05 and power of 0.80. Due to the study design, 

adjustment for the correlation between pre and post intervention measures is made, which is 

estimated at r=0.90 (Frison & Pocock, 1992). A minimum of 16 hospitals with pre and post 

intervention measures is required. 

 

Quantitative analysis 

 

Information on the 20 hospitals will be summarised, including key characteristics used for the 

matching (attendances, specialisation, level of deprivation). Details about the identified SPC 

charts (control limits, recalculation of control limits, run/trend points, and whether there are 

comments about reasons for variation, or suggestions for intervention – see above and 

Appendix E) will be summarised as counts and proportional measures.  

 

For each hospital, we will have information on the number of charts depicted as a SPC chart 

(the outcome), the total number of charts (an offset), the month of the observation, whether 

the observation was from the intervention or control group and whether the observation was 

from a pre or post intervention period. Other analyses will have an offset in two different 

ways; (1) time series charts only and (2) time series and between group charts.  

 

A Poisson regression model will be fitted with an offset for the total number of charts and the 

outcome as the number of charts presented as an SPC control chart. We will adjust for group 

(intervention or control group), for period (pre or post intervention exposure) and an 

interaction between group and period (treatment effect) using a difference in difference 

approach. The offset in the model will be changed dependent on the outcome. Results will be 

reported on the rate ratio scale with 95% confidence intervals. Subgroup analysis will be 

conducted using quality and safety charts only. 
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Inter-rater reliability will be calculated using Kappa statistics and percentage agreement to 

quantity the level of agreement between reviewers for deciding on whether they were SPC 

charts, time series charts, between group charts, and quality and safety charts. 

 

Qualitative evaluation 

 

In addition to quantitative outcomes and analyses, we will conduct a qualitative evaluation to 

better understand barriers and facilitators to the uptake of SPC charts. Our qualitative process 

outcomes come from feedback forms that were filled out by training session participants 

during the board sessions (see Appendix F). These forms were designed by NHS-I/E and 

shared with the research team. We will analyse responses to the following four items: 

 

1. What went well today? 

2. What could have been done differently? 

3. What are your key takeaways? 

4. Any other comments about today. 

 

We will conduct thematic analysis of written responses to these questions to identify barriers 

to and facilitators of using SPC charts (Braun & Clark, 2014). 

 

Ethical considerations 

 

This research has been approved by the University of Warwick Biomedical and Scientific 

Research Ethics committee (BSREC 116/18-19).  

 

Discussion 

 

Summary 

 

Overall, this research will provide evidence about the impact of training sessions on the use 

of SPC charts among acute care hospital trusts in England. In addition, qualitative reactions 

to the training will also be provided. The findings will provide new empirical evidence about 
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whether these training sessions are effective and may inform the design of any future work to 

increase the use of SPC charts. To the research team‟s knowledge, this is the first project to 

directly evaluate the effectiveness of such training using a controlled before and after analysis 

of the documents the training should influence.  

 

There are some limitations to our approach that stem from our time and resource constraints, 

as well as the nature of the retrospective evaluation. One is about the validity of our outcome 

measures. Although our use of publicly available board papers does overcome potential 

errors resulting from self-reported data, such as social desirability bias and recall errors 

(Groves et al, 2011), it may not capture all of the ways that trusts use SPC charts. For 

example, trusts may increase their use of SPC charts in other routine monitoring reports. This 

would decrease the validity of our findings. However, it is not possible to assess the impact of 

this issue without further investigation with more time and resources, and we leave it for 

future research. Further, as the board papers comprise many sub-reports, and are monitored 

by top-level decision-makers, they serve as the best publically available documents for the 

present evaluation.   

 

Another limitation relates to the precision of our estimates. It may be that having more pre 

and post intervention time period measurements would increase our precision. Given resource 

constraints, a decision was taken to include external matched controls rather than additional 

time series data. We may, therefore, sacrifice some precision for more plausible causal 

inference. Trusts who receive the training later on may get swept up in a „rising tide‟ of 

greater use of SPC charts by trusts in general – and so the training could appear to be 

effective, even if it was not relatively effective within the context of greater usage overall 

(Chen et al., 2016). The external controls approach allows us to evaluate the rising tide 

phenomenon, although it is not a perfect solution. Control trusts were selected to be similar to 

intervention trusts on observable characteristics, and it is possible that control trusts will 

differ according to unobservable characteristics, such as motivation or openness to change, 

which could bias the results.   

 

Finally, generalisability is an issue. We study a sample of self-selecting trusts that elected to 

take part in a training intervention. As such, our results may not apply to any mandated 

training initiatives if these become a requirement. To put this another way, trusts that elect to 

be part of the training may be more susceptible to change than other trusts that may not come 
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willingly. Moreover, because we limit our sample to acute trusts, our results may not hold 

when extended to other forms of trusts – such as mental health or community care trusts. That 

said, it seems unlikely that other types of healthcare institutions or that hospitals elsewhere 

would be „immune‟ from the influence of training. While there may be quantitative 

differences, we consider it unlikely that there will be qualitative differences. Similarly, 

because we limited our investigation to trusts in England, the generalisability of our results 

may not hold in other geographic areas.  
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Supplementary 2 – SQUIRE checklist 

Reporting checklist for quality improvement in 
health care. 

Based on the SQUIRE guidelines. 

 

  Reporting Item 

Page Number 

[refers to 

submission 

document, not 

published 

document] 

Title    

 #1 Indicate that the manuscript concerns an initiative to 

improve healthcare (broadly defined to include the 

quality, safety, effectiveness, patientcenteredness, 

timeliness, cost, efficiency, and equity of healthcare) 

Title page  

Abstract    

 #02a Provide adequate information to aid in searching and 

indexing 

Abstract (0) 

 #02b Summarize all key information from various sections 

of the text using the abstract format of the intended 

publication or a structured summary such as: 

background, local problem, methods, interventions, 

results, conclusions 

Abstract (0) 

Introduction    

Problem 

description 

#3 Nature and significance of the local problem 1= 

Available 

knowledge 

#4 Summary of what is currently known about the 

problem, including relevant previous studies 

2-3 

Rationale #5 Informal or formal frameworks, models, concepts, 

and / or theories used to explain the problem, any 

2-3 
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Supplementary 2 – SQUIRE checklist 

reasons or assumptions that were used to develop 

the intervention(s), and reasons why the 

intervention(s) was expected to work 

Specific aims #6 Purpose of the project and of this report 3 

Methods    

Context #7 Contextual elements considered important at the 

outset of introducing the intervention(s) 

3 

Intervention(s) #08a Description of the intervention(s) in sufficient detail 

that others could reproduce it 

4 

Intervention(s) #08b Specifics of the team involved in the work 3 

Study of the 

Intervention(s) 

#09a Approach chosen for assessing the impact of the 

intervention(s) 

5-6 

Study of the 

Intervention(s) 

#09b Approach used to establish whether the observed 

outcomes were due to the intervention(s) 

5-6 

Measures #10a Measures chosen for studying processes and 

outcomes of the intervention(s), including rationale 

for choosing them, their operational definitions, and 

their validity and reliability 

6-8 

Measures #10b Description of the approach to the ongoing 

assessment of contextual elements that contributed 

to the success, failure, efficiency, and cost 

7-8 

Measures #10c Methods employed for assessing completeness and 

accuracy of data 

7 

Analysis #11a Qualitative and quantitative methods used to draw 

inferences from the data 

8-10 

Analysis #11b Methods for understanding variation within the data, 

including the effects of time as a variable 

8 

Ethical 

considerations 

#12 Ethical aspects of implementing and studying the 

intervention(s) and how they were addressed, 

including, but not limited to, formal ethics review and 

potential conflict(s) of interest 

9 

Results    
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 #13a Initial steps of the intervention(s) and their evolution 

over time (e.g., time-line diagram, flow chart, or 

table), including modifications made to the 

intervention during the project 

Fig 4, S4, S5 

 #13b Details of the process measures and outcome 17-18 

 #13c Contextual elements that interacted with the 

intervention(s) 

N/A 

 #13d Observed associations between outcomes, 

interventions, and relevant contextual elements 

9-16 

 #13e Unintended consequences such as unexpected 

benefits, problems, failures, or costs associated with 

the intervention(s). 

N/A 

 #13f Details about missing data N/A 

Discussion    

Summary #14a Key findings, including relevance to the rationale and 

specific aims 

18 

Summary #14b Particular strengths of the project 18 

Interpretation #15a Nature of the association between the intervention(s) 

and the outcomes 

18 

Interpretation #15b Comparison of results with findings from other 

publications 

18-19 

Interpretation #15c Impact of the project on people and systems 18-21 

Interpretation #15d Reasons for any differences between observed and 

anticipated outcomes, including the influence of 

context 

21 

Interpretation #15e Costs and strategic trade-offs, including opportunity 

costs 

N/A 

Limitations #16a Limits to the generalizability of the work 23 

Limitations #16b Factors that might have limited internal validity such 

as confounding, bias, or imprecision in the design, 

methods, measurement, or analysis 

19-21 
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Limitations #16c Efforts made to minimize and adjust for limitations 19-21 

Conclusion #17a Usefulness of the work 21 

Conclusion #17b Sustainability 21 

Conclusion #17c Potential for spread to other contexts 21 

Conclusion #17d Implications for practice and for further study in the 

field 

21 

Conclusion #17e Suggested next steps 21 

Other 

information 

   

Funding #18 Sources of funding that supported this work. Role, if 

any, of the funding organization in the design, 

implementation, interpretation, and reporting 

29-30 

None The SQUIRE 2.0 checklist is distributed under the terms of the Creative Commons Attribution 

License CC BY-NC 4.0. This checklist can be completed online using https://www.goodreports.org/, a 

tool made by the EQUATOR Network in collaboration with Penelope.ai 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Qual Saf

 doi: 10.1136/bmjqs-2021-013514–9.:10 2022;BMJ Qual Saf, et al. Kudrna L

https://www.goodreports.org/reporting-checklists/squire/info/#16c
https://www.goodreports.org/reporting-checklists/squire/info/#17a
https://www.goodreports.org/reporting-checklists/squire/info/#17b
https://www.goodreports.org/reporting-checklists/squire/info/#17c
https://www.goodreports.org/reporting-checklists/squire/info/#17d
https://www.goodreports.org/reporting-checklists/squire/info/#17e
https://www.goodreports.org/reporting-checklists/squire/info/#18
https://www.goodreports.org/
https://www.equator-network.org/
https://www.penelope.ai/


Supplementary 3 – TIDieR checklist 

 

Item No Item Current Research 

Brief name 
 

1 
Provide the name or a phrase that describes 

the intervention 
Making Data Count SPC Training Sessions 

Why 
 

2 
Describe any rationale, theory, or goal of 

the elements essential to the intervention 

Trainings are conducted because improved knowledge about statistical 

process control charts (SPCs) may increase their uptake and then 

prevent unnecessary interventions in the NHS 

What 
 

3 

Materials: Describe any physical or 

informational materials used in the 

intervention, including those provided to 

participants or used in intervention delivery 

or in training of intervention providers. 

Provide information on where the materials 

can be accessed (such as online appendix, 

URL) 

Two examples of PowerPoints used in the training are shown in 

Supplementary Materials 4 and 5. The two Making Data Count 

guidebooks are available online 

(https://improvement.nhs.uk/resources/making-data-count/). The 

training events cover the strengths and weaknesses of presenting data 

in different ways, and include background on what SPCs are, when and 

how to use them, why they should be used, and how they can improve 

decision making. Topics include identifying trends (e.g. seven points in 

one direction), special versus common cause variation, and 

summarising data using icons (see Supplementary Materials 4, Slide 

47). The limitations of r-a-g systems are discussed, and, importantly, 

each trust’s data is presented to them using control charts to 

demonstrate the value of using SPCs. 
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Supplementary 3 – TIDieR checklist 

 

4 

Procedures: Describe each of the 

procedures, activities, and/or processes used 

in the intervention, including any enabling 

or support activities 

Two examples of PowerPoints used in the training are shown in 

Supplementary Materials 4 and 5. The two Making Data Count 

guidebooks are available online 

(https://england.nhs.uk/resources/making-data-count/) 

Who provided 
 

5 

For each category of intervention provider 

(such as psychologist, nursing assistant), 

describe their expertise, background, and 

any specific training given 

Trainings were delivered by two experienced trainers from NHS 

Improvement with higher educational background in statistics and 

work experience in data analytics. 

How 
 

6 

Describe the modes of delivery (such as 

face to face or by some other mechanism, 

such as internet or telephone) of the 

intervention and whether it was provided 

individually or in a group 

One trainer visited each trust to deliver the training face-to-face to 

board members and, separately, to teams of analysts and ambassadors. 

Where 
 

7 

Describe the type(s) of location(s) where 

the intervention occurred, including any 

necessary infrastructure or relevant features 

The trainings were delivered in meeting rooms at each Trust, which 

varied in the available facilities 

When and How Much 
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8 

Describe the number of times the 

intervention was delivered and over what 

period of time including the number of 

sessions, their schedule, and their duration, 

intensity, or dose 

The trainings were delivered to board members and, separately, to 

teams of analysts and ambassadors. Board and analyst trainings were 

not necessarily given on the same day and could be separated by 

around a month. Board training sessions are delivered over about 90 

minutes while training for analysts teams is delivered over one work 

day. 

Tailoring 
 

9 

If the intervention was planned to be 

personalised, titrated or adapted, then 

describe what, why, when, and how 

Trusts' data were presented to them using control charts to demonstrate 

the value of using SPCs 

Modifications 
 

10* 

If the intervention was modified during the 

course of the study, describe the changes 

(what, why, when, and how) 

N/A 

How well 
 

11 

Planned: If intervention adherence or 

fidelity was assessed, describe how and by 

whom, and if any strategies were used to 

maintain or improve fidelity, describe them 

N/A 
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12* 

Actual: If intervention adherence or fidelity 

was assessed, describe the extent to which 

the intervention was delivered as planned 

N/A 

*If checklist is completed for a 

protocol, these items are not 

relevant to protocol and cannot 

be described until study is 

complete. 
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Making data count 

– the why, the how and the experience so far

6th July 2018

Samantha Riley, Head of Improvement Analytics, NHS Improvement

Mark Outhwaite, Non Exec Director, Avon & Wiltshire Mental Health 
Partnership NHS Trust

Supplementary 5 - Making Data Count Powerpoint (2)
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Poll 1

What best describes your current integrated 

performance for the board :

• Mainly RAG charts

• A mixture of RAG and time series 

data/spark lines

• Presence of SPC charts
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5 |5 | Making data count

Metric Target Jan-17 Feb-17 Mar-17 Apr-17 May-17 Jun-17 Jul-17 Aug-17

IAPT Treatment 18 weeks 95% 99.8% 99.5% 99.9% 99.8% 99.4% 99.7% 99.6% 99.7%

IAPT Treatment 6 weeks 75% 86.3% 84.1% 83.3% 80.9% 74.9% 79.5% 81.1% 81.2%

IAPT Recovery Rate 50% 59.3% 57.0% 54.0% 55.3% 53.6% 52.2% 55.3% 54.8%

EIS First Episode Psychosis 50% 100.0% 100.0% 83.0% 62.5% 100.0% 89.5% 100.0% 85.0%

Improving Access to Psychological Therapies – performance against target
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Evidence base

Making data count
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CQC – signs of a mature QI approach

https://www.cqc.org.uk/sites/default/files/20180404 9001395 briefguide-

quality improvement healthcare provider%20v1.pdf

Making data count
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Are things improving?

Making data count
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Serious incidents
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Poll 2

The number of serious incidents occurring is :

• Improving

• Declining

• Staying the same
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Level of variation acceptable?
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Dorset Healthcare’s SPC Journey

Making data count
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Don’t forget the PORC

Making data count

In the excitement of 

introducing SPC and putting 

control limits on your charts 

don’t lose sight of the utility 
and accessibility of the ‘Plain 
Ole Run Chart’ (PORC)
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Top table exclusive

Making data count

The top table at the feast 

always used to get the best 

food. Are SPC and Run 

Charts seen as rich fare only

for the nobs on the top 

table? Are they routinely 

used in the front-line?
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New hammer syndrome

Making data count

To someone with a new 

hammer everything looks 

like a nail! Not everything 

is appropriate for SPC or 

a Run Chart
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Cargo Cults

Making data count

Measure it and something 

will happen. More about 

Cargo Cults here:

https://en.wikipedia.org/wiki/

Cargo cult
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Cargo cults – an example

Making data count
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Where’s Wally?

Making data count

Just how many charts can you 

cram onto an A4 page? If you 

cannot even read the legend 

without a magnifying glass 

then what is the point? How do 

you identify the chart(s) that 

indicate significant change in 

that crowd? 
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How many angels on the head of the 
SPC pin?

Making data count

Watch the newly minted 

SPC experts start to argue 

about how many points 

constitute a shift, a trend, a 

run – how many points to 

calculate control limits, 

sampling etc
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https://improvement.nhs.uk/documents/2748/NHS_MAKING_DATA_COUNT_FINAL.pdf

Making data count
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https://improvement.nhs.uk/d
ocuments/1241/QSIR-A5-
4pp.pdf

Making data count
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Poll 3
Which statement best describes how you feel about 

your performance report:

• I am confident that my report supports effective 

decision making

• I am concerned that my report may not focus 

discussion on the most important issues

• I need time to reflect on today’s session 
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Poll 4
Please rank the following in order of priority – which of these 

will be most helpful?

• Test a different approach to regulation

• Implement a regional train the trainer programme

• Establish regional networks

• Facilitate mechanisms to share learning

• Providing analytical products to aid decision making 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any relianceSupplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Qual Saf

 doi: 10.1136/bmjqs-2021-013514–9.:10 2022;BMJ Qual Saf, et al. Kudrna L



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any relianceSupplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Qual Saf

 doi: 10.1136/bmjqs-2021-013514–9.:10 2022;BMJ Qual Saf, et al. Kudrna L



Supplementary 6 – Coding Frame and Selected Results 

Coding Frame 

 

The coding frame is shown in Table S6-1. We identified if the charts were time series, 

between groups, time series and between groups, pie charts, other charts, and/or statistical 

process control charts (SPCs).  

 

We identified if aspects of the training were reflected in the charts and board papers. One 

aspect of the training was R-A-G colouring anywhere on the board paper (see slide 7, 

Supplemental File 4). R-A-G charts consist of tables of coloured boxes that show whether 

data fail to meet a specific target (red), are in danger of not meeting that target (amber), or are 

achieving that target (green).[1] The colour coding is not informed by statistical variation. In 

contrast, SPCs have set statistical limits, typically at two or three standard deviations above 

and below the mean value.[2–4]  The training discusses the limitations of R-A-G charts. 

 

The training encourages hospitals to use SPC icons (slide 47, Supplemental File 4) that 

summarise statistical variation visually using colours and letters that indicate special or 

common cause variation and performance relative to a target. We identified if any SPC icons 

were present on the SPCs. 

 

For the SPCs, we also identified if other factors included in the training were present (see 

Powerpoint slides in Supplemental File 4): 

 

 Labelling of limits (slides 32, 34), including sigma versus standard deviation control 

limits. Sigma and standard deviation limits are different because sigma calculations 

do not assume homogeneity in the underlying data (for example, that they are 
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Supplementary 6 – Coding Frame and Selected Results 

derived from an unchanged process), whereas standard deviation calculations 

assume a constant mean value [2–4]; 

 recalculation of control limits (slides 44-46), which occurs when the formula used to 

calculate the control limits is altered due to a change in the underlying process, such 

as a new bed management system; 

 highlighted runs or trends (slides 25-27); 

 and comments about reasons for variation or suggestions for improvement (slide 47).  

 

Table S6-1 – Coding Frame 

Chart Number 

1. Is RAG present? 

2. Type of chart: time series?  

3. Type of chart: between groups? 

4. Type of chart: time series and between groups? 

5. Type of chart: pie chart? 

6. Type of chart: other chart? 

7. Type of chart: notes on other 

8. Is this a statistical process control chart summary icon? 

9. Is this a statistical process control chart? 

   IF YES statistical process control chart: 

10a. Are the control limits labelled? 

10b. If labelled are the control limits labelled as sigma? 

   10c. One sigma? 

   10d. Two sigma? 
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Supplementary 6 – Coding Frame and Selected Results 

   10e. Three+ sigma? 

10f. If labelled are the control limits labelled as standard deviation? 

   10g. One standard deviation? 

   10h. Two standard deviations? 

   10i. Three+ standard deviations? 

11. Control limits recalculated? 

12a. Run/trend highlighted? 

  12b. Run/trend 7+ points? 

  12c. Run/trend <7 points? 

13. Does the chart have comments about reasons for variation? 

14. Does the chart have suggestions for intervention? 

15. Notes: 

 

Response options to all except items 7 and 15 are either ‘yes’ or ‘no’. Items 1-9 are filled out 

for all charts. Items 10-14 are only filled out for SPCs. Items 10b and 10f are only answered 

if the response to 10a is ‘yes’. Items 10c-e are only answered if the response to 10b is ‘yes’. 

Items 10g-I are only answered if the response to 10f is ‘yes’. Items 12b-c are only answered 

if the response to 12a is ‘yes’. RAG is captured at the board paper rather than chart level an 

aspect of the training was focussed on reducing RAG colouring more generally. 

 

Selected Results 

 

The main results for time series, between group, and SPCs are reported in the main 

manuscript. Considering all of the charts identified, there were also 129/6,287 (2%) pie charts 
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Supplementary 6 – Coding Frame and Selected Results 

and 46/6,287 (1%) ‘other’ charts. Of the 46 ‘other’ charts, 27/46 were donuts (59%), 9/46 

were heat maps (20%), 4/46 were population pyramids (9%), 2/46 were scatterplots (4%), 

3/46 were spider diagrams (7%), and 1/46 was a people plot (2%). RAG colouring was used 

by 18 of the 20 hospitals (90% of hospitals) at least once in their board papers. 

 

Around half of all charts were contained within dashboards (3,348/6,287, 53%). Dashboards 

are Tables of data, including Tables of charts (an example is in Supplemental File 4, slide 2).  

 

Further information specific to the 449 SPCs identified is shown in Table S6-2. The control 

limits were labelled for 342/449 (76%) of the SPCs. Considering only those 342 SPCs with 

labelled limits, sigma limits (139/342, 41%) were more common than standard deviation 

limits (12/342, 4%). However, it was most common that the labelled limits were not labelled 

as either sigma or standard deviation (191/342, 43%), using text such as UCL (‘upper 

confidence limit’) or LCL (‘lower confidence limit’).  

 

Considering all 449 SPCs, half of the SPCs highlighted if a run or trend was present 

(215/449, 48%). Around one quarter included comments about reasons for variation 

(123/449, 28%) or suggestions for improvement (109/449, 24%). A minority recalculated the 

control limits (59/449, 13.2%). Note that we do not inspect differences between intervention 

and control hospitals on the characteristics of SPCs due to the small overall number of SPCs 

identified. 
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Table S6-2  

Chart 

characteristics 

(SPCs) 
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Characteristic SPCs (n=449) 

n (%) 

Control limit labelled 342 (76.2) 

Sigma limit 139 (31.0) 

One sigma 0 

Two sigma 0 

Three sigma 139 (40.6) 

Standard deviation limit 12 (3.5) 

One standard deviation 0 

Two standard deviation 12 (3.5) 

Three standard deviation 12 (3.5) 

        Not sigma or standard deviation 191 (42.5) 

  

Control limits recalculated 59 (13.2) 

Run/trend highlighted 215 (48.0) 

Comments about variation 123 (27.5) 

Suggestions for improvement 109 (24.4) 
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Supplementary 7- Sensitivity Analyses 

Sensitivity analyses 

Firstly to allow for full information on the pre-intervention number of SPCs (as opposed to 

condensing this information into a proportion as in our primary analysis) a Poisson regression 

model was fitted with an offset for the total number of charts and the outcome as the number 

of charts presented as an SPC, and with adjustment for group (intervention or control group), 

for period (pre or post intervention exposure) and an interaction between group and period 

(treatment effect). To allow for the dependence between repeated measures on the same 

hospital a random cluster effect (without any small sample correction, which is not supported 

in Stata 16 for count or binary outcomes) is included. We additionally tried to allow for 

degree of clustering to depend on period of measurement, but models with a random 

interaction between cluster and period failed to converge. Results are reported on the rate 

ratio scale with 95% confidence intervals. This is Model 1 in supplementary tables. This 

model was our planned primary analysis, but to allow for the over dispersion evident in the 

counts and for the many zero counts, we additionally extended these models to zero-inflated 

Poisson (Model 2, without a random cluster effect as this is not supported in Stata 16) and 

negative Binomial (Model 3), with a random hospital effects – again models with random 

hospital by period effects failed to converge. Due to lack of convergence of the random 

hospital by period interaction, we additionally fitted these models using logistic regression 

(this model can have better convergence properties), but this model with the random 

interaction also failed to converge and so is included with a random hospital effect only 

(Model 4).  

Finally, to avoid reliance on mixed models (which might not be stable with only 20 hospitals 

especially without a small sample corrections) we additionally modelled the data 

conditioning on the proportion of charts which were SPCs in the pre-intervention period (as a 

fixed categorical effect) using a Poisson distribution (Model 5), negative Binomial (Model 6), 
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zero-inflated Poisson (Model 7) and zero-inflated negative Binomial (Model 8, our primary 

model). All models suggest a positive and large impact of the intervention, with the exception 

of model 1 to 3 (these models are not expected to be very reliable, as they use a random effect 

with only 20 clusters and does not allow for the over dispersion and zero counts which are 

prominent features of the data).  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Qual Saf

 doi: 10.1136/bmjqs-2021-013514–9.:10 2022;BMJ Qual Saf, et al. Kudrna L



Supplementary 7- Sensitivity Analyses 

Table S7-1 Different model approaches for primary analysis 

 Model 1 – Mixed effects 

Poisson model  

Model 2 – Zero inflated 

Poisson model  

Model 3 – Mixed effects 

negative Binomial model  

Model 4 – Mixed effects 

logistic model 

 

 Rate ratio  

(95% CI) 

Rate ratio  

(95% CI) 

Rate ratio  

(95% CI) 

Odd ratio 

(95% CI) 

Group –  

intervention 

14.61 

(2.03 to 104.86) 

4.46  

(2.07 to 9.60) 

7.49  

(1.19 to 47.18) 

13.96 

(1.62 to 120.50) 

Period – post 

intervention  

1.76 

(0.81 to 3.85) 

1.81  

(0.77 to 4.21) 

1.46 

(0.22 to 9.50) 

1.79 

(0.81 to 3.96) 

Treatment effect 

- group # period 

1.84 

(0.81 to 4.18) 

1.19  

(0.491 to 2.86) 

2.81 

(0.22 to 35.29) 

3.19 

(1.36 to 7.48) 

Changes Original analysis plan  Model used adjusts for zero 

cells in outcome 

Model used adjusts for 

overdispersion in outcome  

Model treats outcome as 

binomial not count data 

Outcome Number of SPCs Number of SPCs Number of SPCs Number of SPCs 

Covariates Group (intervention or 

control), period (pre/post 

intervention) and treatment 

effect 

Group (intervention or 

control), period (pre/post 

intervention) and treatment 

effect 

Group (intervention or 

control), period (pre/post 

intervention) and treatment 

effect 

Group (intervention or 

control), period (pre/post 

intervention) and treatment 

effect 

Random effect Yes, hospital No Yes, hospital Yes, hospital 

Comments Issue using random effects 

for small number of 

clusters (hospital) and 

doesn’t adjust for zero cells 

in outcome 

This model adjusts for zero 

cells in outcome but not 

clusters (hospital). 

Issue using random effects 

for small number of 

clusters (hospital) 

Issue using random effects 

for small number of 

clusters (hospital) 
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 Model 5 – Poisson model  Model 6 – Negative 

Binomial model 

Model 7 – Zero inflated 

Poisson model 

Model 8 – Zero inflated 

negative Binomial model 

 Rate ratio  

(95% CI) 

Rate ratio  

(95% CI) 

Rate ratio  

(95% CI) 

Rate ratio  

(95% CI) 

Group –  

intervention 

14.71  

(9.58 to 22.58) 

17.90  

(3.63 to 88.3) 

4.71 

(3.03 to 7.31) 

9.24  

(2.68 to 31.87) 

Pre-

measurement 

10.23 

(4.42 to 23.65) 

5.66 

(0.01 to 6258.06) 

4.96  

(2.03 to 12.13) 

3.24 

(0.10 to 100.30) 

Changes Data is reshaped to account 

for repeated measurements 

and avoid reliance on mixed 

models 

 

Data is reshaped to account 

for repeated measurements 

and avoid reliance on mixed 

models and model used 

adjusts for overdispersion 

Data is reshaped to account 

for repeated measurements 

and avoid reliance on mixed 

models and model used 

adjusts for zero cells.  

 

Data is reshaped to account 

for repeated measurements 

and avoid reliance on mixed 

models and model used 

adjusts for zero cells and 

overdispersion. 

Outcome Number of SPCs in post-

intervention measurements 

Number of SPCs in post-

intervention measurements 

Number of SPCs in post-

intervention measurements 

Number of SPCs in post-

intervention measurements 

Covariates Group (intervention or 

control) and pre-intervention 

proportion of SPCs. 

Group (intervention or 

control) and pre-intervention 

proportion of SPCs. 

Group (intervention or 

control) and pre-intervention 

proportion of SPCs. 

Group (intervention or 

control) and pre-intervention 

proportion of SPCs. 

Comments No adjustment made for 

zero cells or overdispersion. 

This model adjusts for 

overdispersion in outcome 

but not zero cells. 

This model adjusts for zero 

cells in outcome but not 

overdispersion. 

This model adjusts for zero 

cells and overdispersion in 

outcome, out primary 

model. 
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Table S7-2 SPC usage by group, hospital and period out of time series charts 

Control group Intervention group 

Hospital 

Pre-training Post-training Post– Pre  

Hospital 

Pre-training Post-training Post– Pre  

SPC/Chart (%) SPC/Chart (%) % difference SPC/Chart (%) SPC/Chart (%) % difference 

1 0/57 (0) 0/69 (0) 0 11 0/190 (0) 9/184 (5) 5 

2 0/71 (0) 0/97 (0) 0 12 0/149 (0) 0/117 (0) 0 

3 0/12 (0) 2/53 (4) 4 13 0/109 (0) 0/77 (0) 0 

4 0/638 (0) 0/665 (0) 0 14 3/115 (3) 91/243 (37) 34 

5 0/146 (0) 0/163 (0) 0 15 52/107 (49) 47/63 (75) 26 

6 0/78 (0) 11/155 (7) 7 16 0/69 (0) 58/81 (72) 72 

7 0/138 (0) 0/137 (0) 0 17 0/11 (0) 27/52 (52) 52 

8 0/92 (0) 0/93 (0) 0 18 18/137 (13) 42/404 (10) -3 

9 2/148 (1) 6/178 (3) 2 19 0/80 (0) 25/80 (31) 31 

10 0/99 (5) 0/85 (0) 0 20 8/112 (7) 20/93 (22) 15 

Average difference in control group  

(95% CI) 0 (0 to 2) 

Average difference in intervention group 

(95% CI) 19 (7 to 30) 

 

Average difference between intervention and 

control group* (95% CI) 18 (7 to 29) 

Average rate change between intervention 

and control group ** (95% CI) 9 (3 to 29) 

For each hospital in pre and post intervention period, the number of SPCs, the number of all charts and percentage of SPCs out of time series 

charts are reported 

* T-test comparing average difference in proportions between intervention and control group. Percentage difference and 95% confidence 

intervals are reported. 

** Zero-inflated negative Binomial regression models. Outcome is number of SPCs in post-intervention period, adjusting for pre-intervention 

proportion of SPCs. Exposure is time series charts. Rate ratios and 95% confidence intervals are reported.
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Table S7-3 SPC usage by group, hospital and period out of time series and between group 

charts 

Control group Intervention group 

Hospital 

Pre-

training 

Post-

training 

Post– 

Pre  

Hospital 

Pre-

training 

Post-

training Post– Pre  

SPC/Chart 

(%) 

SPC/Chart 

(%) 

% 

difference 

SPC/Chart 

(%) 

SPC/Chart 

(%) 

% 

difference 

1 0/13 (0) 0/36 (0) 0 11 0/13 (0) 0/11 (0) 0 

2 0/34 (0) 0/51 (0) 0 12 0/27 (0) 0/29 (0) 0 

3 0/4 (0) 0/32 (0) 0 13 0/60 (0) 0/43 (0) 0 

4 0/1 (0) 0/8 (0) 0 14 2/25 (8) 1/28 (4) -4 

5 0/6 (0) 0/16 (0) 0 15 20/29 (69) 17/26 (65) -4 

6 0/7 (0) 0/9 (0) 0 16 0/42 (0) 18/34 (53) 53 

7 0/2 (0) 0/1 (0) 0 17 0/6 (0) 0/13 (0) 0 

8 0/38 (0) 0/37 (0) 0 18 0/21 (0) 0/37 (0) 0 

9 0/10 (0) 0/18 (0) 0 19 0/21 (0) 0/20 (0) 0 

10 0/5 (0) 0/1 (0) 0 20 0/56 (0) 0/37 (0) 0 

Average difference in control 

group  

(95% CI) 

0 (0 to 

0) 

Average difference in 

intervention group 

(95% CI) 10 (0 to 21) 

 

Average difference between 

intervention and control 

group* (95% CI) 10 (0 to 20) 

Average rate change between 

intervention and control 

group ** (95% CI) 

Non-

convergence 

For each hospital in pre and post intervention period, the number of SPCs, the number of all 

charts and percentage of SPCs out of time series and between group charts are reported 

* T-test comparing average difference in proportions between intervention and control group. 

Percentage difference and 95% confidence intervals are reported. 

** Zero-inflated negative Binomial regression models. Outcome is number of SPCs in post-

intervention period, adjusting for pre-intervention proportion of SPCs. Exposure is time 

series and between group charts. Rate ratios and 95% confidence intervals are reported. 
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There are several mechanisms by which the proportional changes in this study could be 

brought about. Firstly, as intended, charts that were previously not produced using statistical 

process control methodology could be transformed into SPCs. This scenario is represented in 

Pathway A in Figure S8-1 below. However, we propose three additional ways that the 

proportion of SPCs could increase. First, non-SPCs are eliminated, and all SPCs maintained, 

with no new SPCs generated (Pathway B). Although there are no new SPCs in this scenario, 

the proportion of SPCs increases only because the denominator decreases. Second, SPCs and 

non-SPCs are eliminated in equal or similar proportions while some previously non-SPCs are 

now produced using statistical process control methodology (Pathway C). Increased SPC 

usage is more ambiguous in this scenario because SPCs have been both eliminated and 

created alongside a decrease in the denominator. Third, all SPCs are retained, new SPCs are 

produced, and some non-SPCs are eliminated (Pathway D). Here more SPCs have been 

produced, but the reduced total number of charts exaggerates the apparent effect of the 

intervention on converting one type of chart to another. Note that these mechanisms are all 

possible, at least in theory, even in a randomised controlled trial, since the intervention could 

have prompted changes in the number of charts presented to boards as well as causing non-

SPCs to be converted to SPCs.  

 

We can investigate some of these possibilities by visual inspection of the data in Table 3 (in 

the main manuscript). There is one case where a drop in the denominator was accompanied 

an improving SPC ratio with a no substantive increase in the numerator (Trust 15). Here, the 

proportion could have increased purely because of a decline in the denominator. But we 

would have to assume that the type of chart that was eliminated was selectively the type that 

was not already captured in statistical process control form (Figure S8-1, Pathway B). If the 

SPCs and the non-SPCs both declined, then the only way an overall increase in SPCs could 
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be observed is through increased adoption of statistical process control methodology (Figure 

S8-1, Pathway C). There are also two cases in Table 3 where the number of SPCs in the 

numerator increased, and the denominator also increased (Trust 14, Trust 17). In this case, at 

least part of the increase could have resulted from adopting the type of chart that lends itself 

to statistical process control methods. 

 

In theory, it would be possible to evaluate these other mechanisms more precisely with a 

more time intensive approach tracking longitudinal changes at the level of individual charts 

rather than aggregating information about charts at the hospital level. However, the same 

individual charts do not always appear across board papers over time. 

 

Figure S8-1. Four examples of mechanisms by which the proportional changes in this study 

could occur.  
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