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ABSTRACT

Background The way that data are presented can
influence quality and safety initiatives. Time-series
charts highlight changes but do not clarify whether
data lie outside expected variation. Statistical

process control (SPC) charts make this distinction

and have been demonstrated to be effective in
supporting hospital initiatives. To improve the uptake
of the SPC methodology by hospitals in England, a
training intervention was created. The current study
evaluates the effectiveness of that training against the
background of a wider national initiative to encourage
the adoption of SPC charts.

Methods A parallel cluster randomised trial was
conducted with 16 English NHS hospitals. Half were
randomised to the training intervention and half to the
control. The primary analysis compares the difference
in use of SPC charts within hospital board papers in a
postrandomisation period (adjusting for baseline use).
Trainees completed feedback forms with Likert scale
and open-ended items.

Results Fifteen hospitals participated across the study
arms. SPC chart use increased in both intervention
and control hospitals between the baseline and
postrandomisation period (29 and 30 percentage
points, respectively). There was no statistically
significant difference between the intervention

and control hospitals in use of SPC charts in the
postrandomisation period (average absolute difference
9% (95% Cl —34% to 52%). In the feedback forms,
93.9% (n=31/33) of trainees affirmed learning and
97.0% (n=32/33) had formed an intention to change
their behaviour.

Conclusions Control chart use increased in both
intervention and control hospitals. This is consistent
with a rising tide and/or contamination effect, such
that the culture of control chart use is spreading
across hospitals in England. Further research is needed
to support hospitals implementing SPC training
initiatives and to link SPC implementation to quality
and safety outcomes. Such research could support
future quality and safety initiatives nationally and
internationally.

Trial registration number NCT04977414.

WHAT IS ALREADY KNOWN ON THIS
TOPIC

= Statistical process control (SPC) charts
can guide improvement efforts better
than data presentations that do not
depict chance variation.

= Prior to 2017, SPC charts were seldom
included in quality and safety charts
presented to hospital boards in the
English National Health Service (NHS).

= A training intervention was rolled
out in the NHS and an observational
study showed improved uptake of SPC
methodology.

WHAT THIS STUDY ADDS

= A prospective randomised controlled
trial among slow adopters of the above
training did not show a ‘treatment
effect’ but uptake improved in both
groups.

HOW THIS STUDY MIGHT AFFECT
RESEARCH, PRACTICE OR POLICY

= SPC charts are becoming a new
standard of reporting for NHS hospital
trusts, thereby reducing the headroom
for further improvements to show in a
trial.

INTRODUCTION/BACKGROUND

Conversations between hospital board
members, middle managers and front-
line staff often revolve around perfor-
mance metrics, for example, wait times,
mortality rates, and hospital-acquired
infection rates.' How these data are
presented influences the selection of
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quality improvement initiatives.” Where data pres-
entations focus on two-point comparisons (before/
after) or performance targets (often visualised with
Red-Amber-Green codes), improvement initiatives
could chase statistical noise rather than sound statis-
tical signals of poor or superior performance. Statis-
tical process control (SPC) charts make the distinc-
tion between the signals and the noise clearer to
better guide quality improvement initiatives.® *

While SPC charts were developed to improve
manufacturing processes, their utility extends to
healthcare.” A 2017 literature review® found that
SPC charts have been used for many purposes in
healthcare, for example, to monitor mortality rates’
and to optimise staffing levels.® Two multicentre
cluster randomised controlled trials evaluating SPC
chart interventions to improve patient safety have
been conducted. The first found that SPC chart use
reduced hospital-acquired infections.” The second
found that SPC chart use decreased adverse surgical
events.'” As these trials were randomised, they allow
for a causal inference about the effects of SPC chart
use on patient safety. In both trials, SPC charts were
produced by an external organisation, rather than by
an in-house data analytics team.

Despite the benefits of using control charts, a 2017
study showed that SPC charts seldom appeared in
hospital board papers in England."" A 2021 study
reviewed board papers for every hospital in England
and found that one-third (75/217) lacked any SPC
charts and that most data were presented as two-
point comparisons or Red-Amber-Green codes.'
This paper describes a quality improvement initia-
tive developed by the National Health Service in
England (NHS England—previously NHS Improve-
ment) to improve data presentations, called ‘Making
Data Count’. Making Data Count includes SPC
training sessions to enable and motivate NHS insti-
tutions to produce SPC charts in-house. In 2022, a
retrospective evaluation of the SPC training sessions
was conducted comparing the proportion of SPC
charts appearing in board papers from hospitals that
adopted the training relatively early with a matched-
control group that had not adopted training."* The
results showed that the use of SPC charts in the
postintervention period was nine times higher in the
intervention group than in the control group, but
the research was not based on a randomised design
and differences related to unobservable factors of
the implementation initiative could not be fully
accounted for."

The current research further evaluates the effec-
tiveness of the Making Data Count SPC training
with a cluster randomised controlled trial to better
assess causality. Our main objective is to evaluate
the effectiveness of a training intervention aiming
to increase the usage of SPC charts in hospital board
papers.

METHODS

A study protocol was published on the ClinicalTrials.
gov (NCT04977414). The Standards for Quality
Improvement Reporting Excellence guideline check-
list was completed (online supplemental file 1)."> No
patients were involved in the conduct or write-up of
this trial. The results of the trial have been reported
back to the Making Data Count team and disseminated
to public contributors involved with quality improve-
ment efforts in NHS England.

Context

In England, hospital trusts may be composed of single
or multiple hospitals. Within the current paper, we
refer to a single trust as a ‘hospital’ and multiple trusts
as ‘hospitals’ to align with international nomenclature.
At the time of the present evaluation, England was
recovering from the COVID-19 pandemic and hospi-
tals were struggling with long waitlists.'® As previously
stated, the SPC training intervention is embedded
within a larger quality improvement initiative called
Making Data Count. The implementation efforts
included presentations at national events, tweets
about the training, and posting the training materials
online." Since the time of our trial, similar efforts to
promote the uptake of SPC training have been rolled
out in Australia.'”

Intervention

The Template for Intervention Description and Repli-
cation(TIDieR) checklist describing Making Data
Count’s SPC training is provided in online supple-
mental file 2." Training sessions are tailored for
each hospital using their data and for two groups of
trainees: board members (lasting 1.5 hours) and data
analysts (lasting 3 hours). Board member sessions
focus on the benefits of SPC charts compared with
other charts. Analyst sessions focus on the structure
and interpretation of the individual and moving range
charts (X-mR charts), where control limits are set at
three-sigma, that is, a 0.997 probability of the obser-
vation arising under a scenario where variation was
entirely random around the mean value for the data
considered. The analysts who construct SPC charts
can share their thinking with decision-makers in a
textbox. Here, they can justify deviations from the
three-sigma standard, record possible explanations for
variations, or recommendations for action. Analysts
also use colour-codes to signal data likely to indicate
common causes and potentially adverse or beneficial
special causes. Figure 1 contains an example control
chart documenting inpatient falls along with supple-
mentary text describing that an increase in falls may
be due to poor staffing. Preformatted Microsoft Excel
templates are provided to hospitals, which are avail-
able from the Making Data Count section on the NHS
Futures website.
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Inpatient Falls Total

High adverse event (signified in orange) possibly caused by a vacancy rate and
absences where availability to provide specials and enhanced observation is

reduced.

120

Calendar Date

Figure 1 An example control chart with supporting text remade from a hospital board paper reviewed in this study. The black line represents the average
fall rate and the grey dashed lines represent the three-sigma variation around that average. The red line represents a desirable target. The grey data
represent variations falling within the dashed lines (expected variation) and the orange datum represents variations falling outside the dashed lines (special

cause).

While analysts are encouraged to create a large
number of charts, they are asked to be selective about
which complete SPC charts are included in board
papers. A novel method was used to summarise a
number of complete SPC charts in a dashboard of
‘icons’ that then do not need to be included in their full
form in the board papers. This reduces the heft of the
board papers to make information easier to assimilate.

Figure 2 shows a dashboard of icons constituted of
eight individual complete control charts.'” Thus, board
papers may contain a mix of complete SPC charts and
SPC icons. In the present study, to capture the use of
SPC charts we add together each complete SPC chart
with each icon representing a unique complete SPC
chart. As the icon methodology is a particular feature
of our training programme, the use of the icons serves

SPC Summary Dashboard
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Figure 2 Example of statistical process control (SPC) icons presented on a dashboard. FFT stands for the “Friends and Family Test". The orange colour
represents performance that is deteriorating (variation) or consistently below set targets (assurance). Blue colouring represents performance that is
improving (variation) or consistently above targets (assurance). Grey colouring represents performance for which there is no significant change (variation) or

for which performance is inconsistently hitting or falling short of targets.
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as a sign that the principles taught in the SPC training
intervention sessions have influenced local practice.

Study of the intervention

Design

A parallel cluster randomised trial was conducted.
Hospitals were randomly allocated to either the inter-
vention arm to receive the training or a waitlist control
arm where they would be offered the same training at
a later date. The use of SPC charts/icons was evaluated
by monitoring the proportion of SPC charts/icons in
the board papers during both a baseline period and a
postrandomisation period. An analysis of the training
feedback forms was conducted to improve future
training.

Sample size calculation

Our sample size calculation suggested that a minimum
sample of 16 hospitals in 2 equal groups with premeas-
ures and postmeasures would provide 80% power
to detect a 30 percentage point difference (ie, from
10% to 40%) between the intervention group and the
control group in the use of SPC charts/icons (primary
outcome) with an alpha of 0.05, and a correlation
coefficient of 0.90 between baseline and postrando-
misation measures.”’ This calculation assumed a t-test
of the cluster-level proportions adjusting for baseline
values and was implemented in the Shiny CRT Calcu-
lator to determine the required sample size.*' %

Selection and randomisation of hospitals

The Making Date Count team of NHS England invited
75 hospitals identified as not using the SPC method-
ology to participate. Hospitals were made aware that
they would be randomised to receive training either
immediately (intervention arm) within the context of
the trial or to receive it at a later date (control arm). Of
the 75 hospitals invited, 16 expressed willingness and
availability to take part within a month of receiving the
invitation. The research team then randomised hospi-
tals to the intervention or control groups. Randomisa-
tion was stratified based on the number of overnight
beds dichotomised at the median to create ‘larger’ and
‘smaller’ hospitals.”®

Scheduling training

The Making Data Count team scheduled training for
the intervention group over 6 months based on their
availability to provide the training and the hospitals’
availability to receive the training. These training dates
were scheduled after randomisation and dependent
on pragmatic and logistical constraints. The training
dates for the control arm (under a waitlist design) were
scheduled in a similar way—again dependent on prag-
matic and logistical constraints, with the additional
constraint that they would all run only after all the
intervention hospitals had received their training.

Selection of board papers from hospitals

Our data collection parallels the previously conducted
retrospective trial."”* Two board papers were retrieved
from each hospital. For the intervention group, we
retrieved the papers published in the nearest month
before the intervention was delivered (baseline
observation) and then approximately 5 months after
the intervention was delivered (postrandomisation
observation). As boards do not publish papers every
month, it is not always possible to sample precisely
1 month before or 5 months after the delivery of the
intervention. Where a planned month was not avail-
able, the nearest month pre/post was selected. For the
control group, we planned to match the months for
which board papers were retrieved for the interven-
tion group, based on the order in which the control
group received their waitlist version of the training.
A conceptual diagram describing how this training
could be scheduled is provided in the preregistration
protocol.

Outcome measures
In line with previous researc our primary
outcome measure was the use of ‘SPC charts/icons’
in board papers. This was defined as the number of
unique SPC charts/icons about quality and safety meas-
ures (the numerator) out of the number of all quality
and safety charts/icons in the board papers (the denom-
inator). This was obtained by summing the complete
control charts and unique control charts indicated by
individual summary icons. The summary dashboard of
icons represented in figure 2 includes icons from eight
unique and complete SPC charts not otherwise repre-
sented in the board paper. For example, if the board
paper contained just one complete SPC chart (figure 1)
and these SPC icons (figure 2), then this hospital would
have nine control charts.

A secondary outcome measure was the use of
complete ‘SPC charts (excluding icons)’ in board
papers.

h,13 24

Data extraction from board papers
The detailed data extraction instructions are provided
in online supplemental file 3. Briefly, the board papers
were retrieved by a single researcher. Then, two
researchers independently identified charts and SPC
icons describing quality and safety data. Disagreements
were resolved through consensus discussions. One
researcher also extracted any supporting textboxes
(figure 1) for review by the next set of researchers.
Next, the first reviewer removed identifying features
from charts and supporting text, for example, hospital
names and calendar dates. The redacted charts were
sent to two new researchers who independently coded
chart type (line, bar, line and bar or other), and whether
the chart was an SPC chart. SPC charts were further
coded noting whether the control lines were recalcu-
lated, whether special causes were highlighted (if yes,
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they coded whether special causes were coloured as
recommended by training), and whether the process
limits were labelled (if yes, they coded whether the
labels differed from three-sigma). For the supporting
text, these researchers coded whether it explained
where control lines were set, whether reasons for
variations were stated and whether suggestions for
improvements were provided.

Data extraction from feedback forms

The feedback forms were structured according to Kirk-
patrick’s four levels of evaluation: reaction, learning,
behaviour change, and results (online supplemental
file 4). Trainees reported their overall reaction using
a Likert scale (1=verypoor to S5=verygood). Then,
trainees reported whether they learnt anything and
whether they intended to change their behaviour with
opportunities to describe what and how in open-text
boxes. Next, trainees reported whether they believed
the training would impact the organisation, that is,
the results. Lastly, trainees could leave additional
comments. All feedback is based on self-reports, and
no further measures of the learning or results levels
were collected. Behaviour change is indicated by our
outcome variables, that is, SPC chart/icon use and SPC
chart use (excluding icons).

Analyses

Data from board papers

Hospital characteristics were described including
hospital size (based on the number of beds) and local
deprivation status (based on NHS Digital Peer Finder
Tool). Inter-rater reliability of the data extracted from
board papers were calculated using percentage agree-
ment and prevalence-adjusted bias-adjusted kappa
(PABAK). Chart characteristics were described using
counts and percentages.

For the primary analysis, the use of SPC charts/
icons is presented as a proportion by extracting the
number of SPC charts/icons about quality and safety
measures (numerator) and dividing this by the number
of all quality and safety charts/icons in the board paper
(denominator), for baseline and postrandomisation
periods. We first describe the change in use of SPC
charts/icons between baseline and postrandomisation
periods for each hospital, stratified by intervention
and control groups. To determine the absolute effect
of the intervention, using a cluster-level analysis, we
used a t-test adjusting for baseline proportion of SPC
charts/icons. Then, again, using a cluster-level anal-
ysis, to determine the relative effect (rate ratio (RR))
of the intervention, we fit a zero-inflated negative
binomial regression model (outcome data likely to
be overdispersed with a high number of zero counts),
with outcome as the number of SPC charts/icons in
the postrandomisation period, adjusting for the group
(intervention or control) and proportion of SPC
charts/icons in the baseline period (with offset number

of charts). In a post hoc sensitivity analysis, to further
investigate robustness of approach to overdispersed
data, we fitted various alternative models. Results are
not presented but were similar.

For the secondary analysis, we examined the
effect of the intervention where SPC icons were not
included in the number of SPC charts, that is, SPC
charts (excluding icons). All estimates were reported
with 95% Cls. All analyses were done on an intention-
to-treat basis. There was no missing data. One site
dropped-out before any data were collected. All anal-
yses were completed in Stata V.18. The quantitative
data are provided in online supplemental file 5.

Data from feedback forms

Responses to the feedback survey are described using
a mean and SD for the reaction item and percentages
of affirmative responses for the learning, behaviour,
and results items. Text describing what participants
learnt, how they intended to change, and additional
comments are described using an inductive, semantic
and (critical) realist approach.?® Excel was used to
view responses and apply codes. The initial frame-
work contained each open-ended item and further
codes were inductively derived to describe responses
for each item by one researcher (KAS).”® Codes were
then further revised with two additional researchers
who coded the charts for our primary analysis (PB
and ZV). To promote transparency, the research team
reflectively decided to report how often codes were
applied; the quantitative findings should not be taken
to indicate the generalisability of findings.

RESULTS

Hospital characteristics

Of the eight hospitals allocated to the intervention,
one withdrew after the first month and was excluded
from data collection thereafter. On average, interven-
tion hospitals were similar in size; the mean was 657
(SD=628) in intervention hospitals and 588 (SD=516)
in control hospitals. Deprivation (on the index of
multiple deprivation) was descriptively higher in the
intervention (median=26; range 13-32) than control
hospitals (median=15; range 12-41).

Figure 3 shows the order in which the hospitals
were trained and their board papers were retrieved.
Training was delayed in three intervention hospitals,
two of which took up training in the sixth month and
one in the seventh month. However, all trainings in
the control group still occurred after all trainings in
the intervention group. Of the eight control hospitals,
three took up training after the training intervention
hospitals in the 7th month and one in the 12th month.
The remaining four control hospitals did not complete
training within the designated period. The timing
of the data retrieval for these four control hospitals
was matched with the final two intervention hospi-
tals using a random number generator in Excel. The
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Figure 3  Board papers retrieved from each hospital during the baseline and postrandomisation observation periods. The top half depicts the hospitals
that experienced the intervention (the intervention group) and the bottom half depicts hospitals that were placed on a waiting list to experience the
intervention later (the control group). The darker grey cells with a 'T' show the month of the training intervention for intervention hospitals and the "WT'
shows the month of the waitlist control groups training. The lighter grey cells with ‘pre’ represent the month from which the baseline papers were retrieved,
and the black cells with ‘post’ represent the month from which the postrandomisation papers were retrieved.

control hospitals’ postrandomisation board papers
were always published before any training took place.
The intervention hospitals’ postrandomisation board
papers were always published after their trainings took
place.

Inter-rater reliability and blinding

Agreement between reviewers for deciding if charts
were quality and safety charts was 89.6% (95% CI
88.6 t0 90.7), PABAK was 0.79 (95% CI 0.77 to0 0.81).
There was high agreement among reviewers when
deciding whether an SPC icon indicated a unique chart
(83.6%, 95% CI 80.3 to 86.9). No reviewers reported
being unblinded to the hospital or the time period
(online supplemental file 6).

Chart characteristics

In total 3182 unique charts/icons were identified, of
which 1409 (44.3%) contained quality and safety data.
Of these 1409 unique charts, the majority were line
charts (914, 65%), followed by bar charts (209, 15%),
SPC icons (156, 11%), other charts (83, 6%) and bar
and line charts (47, 3%).

Three hundred and thirty-eight charts were complete
SPC charts, of which 332 were line charts and/or bar
charts (98%) and 6 (2%) were funnel charts; and 50
(16%) had recalculated control limits. Out of these
338 complete control charts, 213 (213/338= 63%)
had special cause data highlighted of which 163
(163/213=76%) used the recommended colours
(blue and orange). SPC icons were featured in six of
the seven intervention hospitals and three of the eight
control hospitals; these hospitals are designated with
“*”in tables 1 and 2. See online supplemental file 7 for
further descriptions.

Effects of training intervention on SPC charts/icons use
The number and proportion of SPC charts/icons out
of all quality and safety charts are presented for each
hospital by group (intervention or control) and period
(baseline vs postrandomisation period) in table 1.
Looking at the number of SPC charts/icons (the numer-
ator of our primary outcome), all seven intervention
hospitals experienced increased use, while only four
control group hospitals did.

On average in the control group, hospitals used
29 percentage points more SPC charts/icons in the
postrandomisation period compared with the baseline
period (95% CI =35 to 63). In the intervention group,
there was a similar increase in the (absolute) percentage
increase in use of SPC charts/icons from baseline to
postrandomisation (average difference 30%, 95% CI
2 to 59). Adjusting for baseline differences, during the
postrandomisation period the use of SPC charts/icons
was 9% (—34% to 52%) higher for the intervention
group compared with the control group, although
CIs were wide and compatible with an effect in either
direction. Inferences estimating the relative effect of
the intervention were similarly inconclusive (RR 0.93
(95% CI 0.35 to 2.50)).

Effects of training intervention on complete SPC charts
use (excluding icons)

The number and proportion of complete SPC charts
(excluding icons) out of all quality and safety charts
for both groups and periods are shown in table 2.
On average, the control groups used 24% more SPC
charts (excluding icons) in the postrandomisation
period compared with the baseline period (95% CI
—6 to 54). In the intervention group, there was only
a 6% average increase (95% CI —18 to 30). Adjusting
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Table 1 SPC chart/icon usage by group, hospital and period out of all quality and safety charts

Control group Intervention group
Baseline period  Postrandomisation  Postbaseline Baseline period Postrandomisation Postbaseline
SPC chart/icon

Hospital (%) SPC chart/icon (%) % difference  Hospital SPC chart/icon (%) SPC chart/icon (%) % difference

1 0/0 (0) 24/41 (59) 59 9* 0/172 (0) 8/177 (5) 5

2 4/8 (50) 2/6 (33) =17 10* 21/34 (62) 36/54 (67) 5

3* 5/38 (13) 101/110 (92) 79 1M* 0/0 (0) 14/26 (54) 54

4 0/22 (0) 0/30 (0) 0 12* 49/69 (71) 86/103 (83) 12

5 0/40 (0) 0/41(0) 0 13* 11/42 (26) 42/64 (56) 30

6* 0/0 (0) 8/35(23) 23 14 0/21(0) 3/29 (10) 10

7* 4/47 (9) 4/47 (9) 0 15% 11/90 (12) 54/55 (86) 74

8 0/0 (0) 718 (88) 88

Average change (baseline vs post) in control group 29 (-5 to 63) Average change (baseline vs post) in intervention group (95% Cl) 30 (2 to 59)

(95% Cl)

Absolute difference between intervention and control groupt (95% Cl) 9(-34t052)
Relative difference between intervention and control group¥ (95% Cl) 0.93 (0.4 to 2.5)

For each hospital in baseline and postrandomisation period, the number of SPC charts/icons, the number of quality and safety charts and the percentage of SPC charts/icons out of all
reported.

*At least one board paper included SPC icons.

tT-test comparing the average difference in proportions between the intervention and control group; adjusting for baseline proportions. Percentage difference and 95% Cl are reported.
$Zero-inflated negative binomial regression models. The outcome is the number of SPC charts and icons in the postrandomisation period, adjusting for the baseline proportion of SPC
charts/icons. Exposure is all quality and safety charts. Rate ratios and 95% Cls are reported.

SPC, statistical process control.

for baseline differences, during the postrandomisation  reasons for the variation (n=34, 26.0%), for example,
period, the use of SPC charts (excluding icons) was  understaffing; or suggested possible interventions
18% (95% CI =53 to 17) lower for the intervention  (n=35, 26.7%), for example, hiring or onboarding
group compared with the control group (equivalent to initiatives.

an RR of 0.60 (95% CI 0.20 to 1.60).

Regarding supporting textboxes, 131 were identified. =~ Analysis of feedback data from trainees

Only one textbox (1.0%) explained where the control ~ Thirty-three trainees provided feedback; 21 from 5 of
lines had been set, for example, a wider interval was  the 7 intervention hospitals and 12 from 4 of the 8
used acknowledging a willingness to accept more vari-  control hospitals. Overall, trainees expressed satisfac-
ation in wait times. Approximately a quarter offered  tion with their sessions (M=4.7 out of §; SD=0.5).

Table 2 SPC chart (excluding icons) usage by group, hospital and period out of all quality and safety charts

Control group Intervention group
Baseline period Postrandomisation Postbaseline Baseline period Postrandomisation Postbaseline
Hospital ~ SPC chart (%) SPC chart (%) % difference Hospital SPC chart (%) SPC chart (%) % difference
1 0/0 (0) 24/41 (59) 59 9* 0/172 (0) 8/177 (5) 5
2 4/8 (50) 2/6 (33) =17 10* 21/34 (62) 36/54 (67) 5
3* 5/38 (13) 60/110 (55) 41 11* 0/0 (0) 14/26 (54) 54
4 0/22 (0) 0/30 (0) 0 12* 49/69 (71) 50/103 (49) -22
5 0/40 (0) 0/41(0) 0 13* 11/42 (26) 3/64 (5) -22
6" 0/0 (0) 8/35 (23) 23 14 0/21(0) 3/29 (10) 10
7* 4/47 (9) 4/47 (9) 0 15% 11/90 (12) 14/55 (25) 13
8 0/0 (0) 7/8 (88) 88
Average difference in control group 24 (-6 to 54)  Average difference in intervention group 6 (-18to 30)
(95% Cl) (95% Cl)

Absolute difference between intervention and control groupt (95% Cl)  —18 (=53 to 17)
Relative difference between intervention and control groupt (95% Cl) 0.6 (0.2 to 1.6)

For each hospital in baseline and postrandomisation period, the number of SPC charts (excluding icons), the number of quality and safety charts and the percentage of SPC charts
(excluding icons) out of all reported.

Supporting textboxes completed by analysts.

*At least one board paper included SPC icons.

tT-test comparing the average difference in proportions between the intervention and control group. Percentage difference and 95% Cl are reported.

tZero-inflated negative binomial regression models. The outcome is the number of SPC charts (excluding icons) in the postrandomisation period, adjusting for the baseline proportion
of SPC charts (excluding icons). Exposure is all quality and safety charts. Rate ratios and 95% Cls are reported.

SPC, statistical process control.
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Most affirmed having learnt something (n=31/33;
93.9%) and intended to change their behaviour in the
next 3months (32/33; 97.0%). All believed that the
training would positively impact their hospital’s future
performance (33/33, 100%).

Ninety-nine free-text responses were provided
(mean=12.6 words, SD=16.7). Of the 33 quotes
about learning, the two trainees who said they did not
learn anything reported having attended a previous
session or that the training only covered basic infor-
mation. The remaining trainees reported that they
learnt reasons to adopt the SPC methodology (7/33;
21%), how to present data (17/33; 52%) or how to
interpret data (12/33; 36%). Of the 33 quotes about
behaviour change, the one trainee who said ‘no’ did
not think the training applied to non-executive direc-
tors. The remaining quotes were about ‘who’ or
‘what’ would change. Regarding ‘who’ would change,
26% (8/33) described how they or their team would
change and 22% (7/33) described how others would
change. Regarding ‘what” would change, some trainees
believed that organisational factors needed to change
before they could personally change (4/33; 12.9%) or
that they needed more training (4/33; 12.9%). Others
discussed their intentions to simply use the SPC meth-
odology (8/33; 25.8%), improve reporting (7/33;
22.6%) or to look at data differently (10/33; 32.3%).

Thirty-three  participants provided additional
comments. No negative comments appeared. Many
took the opportunity to simply thank presenters
(21/33; 64%). Two trainees (6%) wanted more
content in the session, and 11 (33%) appreciated the
presenters’ passionate and knowledgeable approach to
training that integrated data from their hospital.

DISCUSSION

Summary

The present prospective randomised trial evalu-
ated the effectiveness of Making Data Count’s SPC
training intervention on the usage of control charts
in hospital board papers. There was great variation in
these changes. In the control group, changes ranged
from —17% to 88%, and in the intervention group,
changes ranged from 5% to 74%. While both groups
increased on average, the difference in SPC chart/icon
use between groups was not significant.

Possible interpretation

The randomised nature of the presented study allows
us to conclude that the SPC training intervention was
not a single casual factor producing increased control
chart use among NHS hospitals in the context of our
evaluation. Our finding that there was no interven-
tion effect was coupled with the finding that there
was increased uptake of SPC charts in both groups,
intervention and control. A plausible explanation
for our finding, therefore, is that the headroom for
improvement was unexpectedly constrained. Such

an effect could be due to a classical ‘contamination’
effect, a more general ‘rising tide’ effect spurred by the
national implementation initiative, or a combination
of both. Classical contamination effects occur when
the intervention ‘leaks’ from the intervention sites to
the control sites, thereby diluting differences between
comparative groups. In contrast, a rising tide effect
impacts sites whether they are in the study or not, thus
causing changes across all hospitals in the direction
anticipated by the intervention.”’

A number of observations supports the rising tide
interpretation. The use of control charts has been
advocated since the 1980s, but a review of NHS
hospital board papers in 2017 found little evidence of
SPC use.’ 2® By the end of 2023, the training has been
implemented in over 169 of England’s NHS hospital
trusts, and the Making Data Count team inform us
that many early trainers have requested additional
training to further improve their board papers. These
observations suggest a pervasive temporal effect across
the English health service. The rising tide interpreta-
tion is further supported by the appearance of icon
methodology in the control hospitals’ board papers.
The control hospitals were not situated near the inter-
vention hospitals, and since this method is bespoke to
the NHS England’s Making Data Count SPC training
programme one must surmise that training spilled over
from hospitals that had received the training to those
that had not. Hospitals may be accessing this informa-
tion from the board papers of peer hospitals as these
are publicly available (which was part of the national
initiative). Additionally, information may be spread by
word-of-mouth from previous trainees, especially as
our qualitative analysis of feedback forms suggests that
the training was well received. A reasonable explana-
tion for our findings is that headroom for improve-
ment was reduced by control hospitals adopting
similar interventions to the intervention hospitals, just
by a different route. Other examples of rising tides
have been cited in the literature.?®

Strengths/Limitations

A strength of the present study involves its use of a
randomised design to understand the causal relation-
ship between training and control chart use. Several
limitations of the current evaluation should be noted.
Where possible, researchers attempt to control extra-
neous factors, but often cannot suppress factors that
stakeholders believe could lead to overall improve-
ments. The national initiative of implementation
efforts that encouraged people to take up training
was such an outside factor. The fact that the hospitals
took up elements of the training before the training
took place could not have been anticipated when
this trial was preregistered. A combination of factors
may have contributed, such as those described by the
Consolidated Framework for Implementation Science
and the MINDSPACE frameworks.'* %’ For instance,

8
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promotional activities initiated by the national organ-
isation, NHS Improvement, may have acted as an
‘outer setting’ factors encouraging implementation of
the control chart approach irrespective of the training
itself (ie, by eliciting a ‘messenger’ effect as described
in MINDSPACE) and a gradual increase in SPC icons
by peer hospitals may have acted as an individual or
‘inner-setting’ factor encouraging change (ie, through
a ‘social norm’ effect as described in MINDSPACE).

Additional study limitations include that we were
unable to blind the first set of reviewers to whether a
hospital belongs to the intervention or control group
as those reviewers extract initial information directly
from the board papers. However, these reviewers did
not code data for the primary outcome. Regarding
generalisation, one limitation is the amount of data we
consider. Including additional hospitals would increase
statistical precision but would increase the time and
resources needed to deliver the study which already
practically informs future implementation efforts.

The present study provides little information about
how control charts are used. Some information
about how control charts could influence practices
are provided in the supporting textboxes analysed in
the present project, that is, explaining where control
lines were set, reasons identified for variation, and
suggested interventions. Previous qualitative research
with board members suggests that control chart use
redirects the focus of quality improvement practices.'?
Further information about how those charts influence
practice is beyond the scope of the present study.

Lastly, the present study does not include informa-
tion about patient outcomes. Training interventions
are mediating variables. While a training session may
directly influence the attitudes of trainees towards the
intervention and their intended behaviour change, its
downstream effects on patient safety will depend on
further contextual factors.”” ** While the existence
of control charts is a necessary precondition for their
being used well, it is possible that they are not being
used as part of a broader quality improvement meth-
odology that could positively impact patient care.

CONCLUSIONS

The usage of control charts in hospital board papers
increased for hospitals in both the intervention and
control groups but experiencing SPC training was not
a single causal factor. While this was not the antici-
pated effect, it is encouraging. The findings of this
evaluation are important because they direct inquiry
into other reasons why control chart use has increased
beyond the training. Future work is needed to support
hospitals in effectively implementing SPC methodol-
ogies to achieve improvements and to capture how
upstream SPC training impacts downstream quality
and safety outcomes. Such information can inform the
implementation of other initiatives to increase quality

and safety within hospitals and other health and social
care settings.
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