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Abstract

The Safer Nursing Care Tool as a guide to nurse staffing
requirements on hospital wards: observational and
modelling study

Peter Griffiths ,1,2* Christina Saville ,1 Jane E Ball ,1,2

Rosemary Chable ,3 Andrew Dimech ,4 Jeremy Jones ,1

Yvonne Jeffrey ,5 Natalie Pattison ,4,6 Alejandra Recio Saucedo ,1

Nicola Sinden 7 and Thomas Monks 1,2

1School of Health Sciences, University of Southampton, Southampton, UK
2National Institute for Health Research Collaboration for Leadership in Applied Health Research
and Care Wessex, University of Southampton, Southampton, UK

3Training, Development & Workforce, University Hospital Southampton NHS Foundation Trust,
Southampton, UK

4Clinical Services, The Royal Marsden NHS Foundation Trust, London, UK
5Nursing & Patient Services, Poole Hospital NHS Foundation Trust, Poole, UK
6School of Health and Social Work, University of Hertfordshire, Hatfield, UK
7Nursing Directorate, Portsmouth Hospitals NHS Trust, Portsmouth, UK

*Corresponding author Peter.griffiths@soton.ac.uk

Background: The Safer Nursing Care Tool is a system designed to guide decisions about nurse staffing
requirements on hospital wards, in particular the number of nurses to employ (establishment). The
Safer Nursing Care Tool is widely used in English hospitals but there is a lack of evidence about how
effective and cost-effective nurse staffing tools are at providing the staffing levels needed for safe and
quality patient care.

Objectives: To determine whether or not the Safer Nursing Care Tool corresponds to professional
judgement, to assess a range of options for using the Safer Nursing Care Tool and to model the costs
and consequences of various ward staffing policies based on Safer Nursing Care Tool acuity/
dependency measure.

Design: This was an observational study on medical/surgical wards in four NHS hospital trusts using
regression, computer simulations and economic modelling. We compared the effects and costs of a
‘high’ establishment (set to meet demand on 90% of days), the ‘standard’ (mean-based) establishment
and a ‘flexible (low)’ establishment (80% of the mean) providing a core staff group that would be
sufficient on days of low demand, with flexible staff re-deployed/hired to meet fluctuations in demand.

Setting: Medical/surgical wards in four NHS hospital trusts.

Main outcome measures: The main outcome measures were professional judgement of staffing
adequacy and reports of omissions in care, shifts staffed more than 15% below the measured
requirement, cost per patient-day and cost per life saved.

Data sources: The data sources were hospital administrative systems, staff reports and national
reference costs.
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Results: In total, 81 wards participated (85% response rate), with data linking Safer Nursing Care Tool
ratings and staffing levels for 26,362 wards × days (96% response rate). According to Safer Nursing Care
Tool measures, 26% of all ward-days were understaffed by ≥ 15%. Nurses reported that they had enough
staff to provide quality care on 78% of shifts.When using the Safer Nursing Care Tool to set establishments,
on average 60 days of observation would be needed for a 95% confidence interval spanning 1 whole-
time equivalent either side of the mean. Staffing levels below the daily requirement estimated using the
Safer Nursing Care Tool were associated with lower odds of nurses reporting ‘enough staff for quality’
and more reports of missed nursing care. However, the relationship was effectively linear, with staffing
above the recommended level associated with further improvements. In simulation experiments, ‘flexible
(low)’ establishments led to high rates of understaffing and adverse outcomes, even when temporary
staff were readily available. Cost savings were small when high temporary staff availability was assumed.
‘High’ establishments were associated with substantial reductions in understaffing and improved
outcomes but higher costs, although, under most assumptions, the cost per life saved was considerably
less than £30,000.

Limitations: This was an observational study. Outcomes of staffing establishments are simulated.

Conclusions: Understanding the effect on wards of variability of workload is important when planning
staffing levels. The Safer Nursing Care Tool correlates with professional judgement but does not identify
optimal staffing levels. Employing more permanent staff than recommended by the Safer Nursing Care
Tool guidelines, meeting demand most days, could be cost-effective. Apparent cost savings from ‘flexible
(low)’ establishments are achieved largely by below-adequate staffing. Cost savings are eroded under the
conditions of high temporary staff availability that are required to make such policies function.

Future work: Research is needed to identify cut-off points for required staffing. Prospective studies
measuring patient outcomes and comparing the results of different systems are feasible.

Trial registration: Current Controlled Trials ISRCTN12307968.

Funding: This project was funded by the National Institute for Health Research (NIHR) Health Services
and Delivery Research programme and will be published in full in Health Services and Delivery Research;
Vol. 8, No. 16. See the NIHR Journals Library website for further project information.
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Plain English summary

Many hospitals in England use the Safer Nursing Care Tool to help them decide the numbers of
nurses and support workers to employ on wards. The nurse in charge assesses the patients who

are on the ward and categorises them depending on how severely ill and dependent on nursing care
they are. The tool provides nursing time estimates for each patient category and is used to decide how
many nurses to employ. There is very little evidence about the use of this tool.

We used the tool to calculate the staff required every day in four hospital trusts. We looked to see if
nurses were more likely to report that they had enough staff when they had the number estimated by
the tool. After taking into account other factors that could affect this relationship, we found that when
there are fewer staff than the tool suggests are needed, the chance of nurses reporting ‘enough staff
for quality’ is lower. However, other factors not considered in the tool (ward type, single rooms, day of
the week, time of day) also affect reported staffing adequacy.

The tool’s guidelines suggest employing enough staff to meet demand on an average day. We compared
this with higher, and lower, staffing levels using temporary staff to meet shortfalls. We developed a
computer program that simulates the staff required, staff available and staff reassigned to other wards,
in addition to the hiring of extra temporary staff. Employing fewer nursing staff can be cheaper but
often there are not enough staff on the wards because temporary staff cannot make up the shortfall.
This increases the risk of death and longer hospital stays for patients. Although it is more expensive,
we found that employing more staff, at the level needed to meet the demand observed on 90% of days,
could provide value for money because outcomes were improved at modest cost.
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Scientific summary

Background

Several reviews of research show that higher registered nurse staffing levels in hospitals are associated
with better patient outcomes and care quality. There are many systems available to assist with deciding
the number of nursing staff needed on wards. However, evidence is lacking about the effectiveness or
efficiency of staffing levels set using these approaches. Nonetheless, in 2014 the National Institute for
Health and Care Excellence endorsed using the Safer Nursing Care Tool as a decision support tool for
setting nurse staffing levels on adult inpatient wards. The Safer Nursing Care Tool works by categorising
patients according to their acuity and dependency on nursing care. Each category is associated with a
workload ‘multiplier’, used to determine the number of nursing staff to employ.

Objectives

l Explore variation in demand measured using the tool from day to day and between days in order to
understand the accuracy of estimated establishments and how well establishments based on mean
demand match variable patient need.

l Determine how current staffing matches the staffing requirements measured by the tool.
l Assess whether or not a mismatch between the staffing requirements measured by the tool and the

number of staff deployed is associated with nurses’ perceptions of staffing adequacy.
l Explore the influence of factors other than patient characteristics, such as the numbers of

admissions and discharges to the ward.
l Develop mathematical simulation models to explore scenarios with flexible staffing policies and

different approaches to using the tool to set staffing establishments.
l Model the costs and consequences of alternative staffing policies considering:

¢ opportunities to deploy staff from ‘overstaffed’ wards to ‘understaffed’ wards
¢ costs of temporary staff
¢ relative efficiencies of different staff groups
¢ adverse outcomes of understaffing.

Design, setting and methods

This is an observational study using administrative data, nurses’ assessments of patients using the Safer
Nursing Care Tool and reports of staffing adequacy from 81 acute medical/surgical wards in four NHS
hospital trusts.

Main outcome measures

For each ward and shift, we measured the apparent ‘shortfall’, that is the deviation between the
staffing requirement estimated using the Safer Nursing Care Tool and the actual staffing, as well as
asking ward leaders whether or not there were enough staff for quality, whether or not any nursing
care was left undone, whether or not staff missed breaks and how many staff (registered nurses and
nursing support workers) they judged were needed.
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Our simulation models estimated the percentage of patient shifts that were staffed more than 15%
below the requirement and the staff cost per patient-day. From this, we estimated the costs per life
saved associated with different staffing establishments.

Data sources

We used data from patient administration systems, staff rosters and Bedview® (CareView Communications
Inc., Lewisville, TX, USA)/SafeCare® (Allocate Software, London, UK) (for nurse assessments of patients’
Safer Nursing Care Tool acuity/dependency categories) and ward profiles. We used a variety of published
sources to estimate standard costs and the impact of low staffing on outcomes for our economic modelling.

Patient data were de-identified by pseudonymisation at source. We cleaned data, removing extreme
values of deployed staffing and estimated staffing requirements, and days with zero patients.
We removed invalid data in the reports of staffing adequacy by following a series of logical rules.

Analysis

Using both bootstrapping and traditional power calculations, we estimated the sample size needed to
obtain a stable estimate of the mean staffing requirement, which is used by the tool to determine the
number of staff to employ. We assessed the variation in estimated staffing requirements between the
morning and evening census points by calculating differences and intracluster correlation coefficients.
We compared the average staffing requirements on different days of the week.

We fitted multilevel regression models nested at the ward and hospital levels to assess the association
between ‘shortfall’ according to the tool and ward leaders’ reports of staffing adequacy. We included
other factors that may affect this relationship: patient turnover, ward type (medical, surgical or mixed),
the proportion of single rooms, day of the week and time of day.

We developed a Monte Carlo, agent-based computer simulation model for investigating alternative
approaches to using the tool for setting staffing levels, and different flexible staffing policies. The
‘agents’ are the wards, which interact by providing spare staff to (and receiving additional staff from)
each other. For each shift, the model simulates the numbers of patients in each acuity/dependency
category, the number of one-to-one ‘specials’, available staff, staff re-deployments between wards
and extra staff hired from bank and agency. The settings and parameters are based on real data and
assumptions agreed with local investigators at each hospital trust. For core models, we used empirical
data obtained from one hospital trust to estimate the availability of temporary staff, but we also
considered higher availability.

The simulation calculates staffing costs and assesses whether each ward is understaffed, adequately
staffed or overstaffed. We compared the effects and costs of a ‘high’ establishment (set to meet
demand on 90% of days), the ‘standard’ (mean-based) establishment and a ‘flexible (low)’ establishment
(80% of the mean) providing a core staff group that would be sufficient on days of low demand, with
flexible staff re-deployed/hired to meet fluctuations in demand.

We used coefficients from previous research linking nurse staffing shortfalls with mortality to estimate
the cost-effectiveness of the different staffing scenarios.
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Results

We received Safer Nursing Care Tool ratings for 96% of possible wards × days. In all, we obtained data
linking Safer Nursing Care Tool ratings and staffing levels for 26,362 wards × days.

Average ward staffing requirements estimated by the Safer Nursing Care Tool varied from 5.9 to 10.2
hours per patient-day. The required staffing varied considerably between days on the same ward, with
hospital trust mean within-ward standard deviations between 0.42 and 0.94 hours per patient-day.
The required staffing estimated by the Safer Nursing Care Tool was slightly higher than the staffing we
observed to be deployed in three general hospital trusts, and considerably lower than staffing deployed
in the specialist hospital trust. Including specialing requirements substantially increased the variability
of requirements between days.

The sample size needed for a stable estimate of the mean average staffing requirement depends on the
margin of error that is acceptable and the variability of staffing requirements for a particular ward. Using the
power calculation approach, we found that an average of 959, 240 and 60 observations would be needed for
95% confidence intervals of width 0.5, 1 and 2 whole-time equivalents, respectively, but there was much
variation at ward level. The bootstrapping approach gave similar results. Overall, the time of day when the
Safer Nursing Care Tool was assessed made very little difference to the calculated establishment (< 1% on
average), but for some wards the admission/discharge patterns meant that there were large differences.

When the registered nurse staffing level was 1 hour per patient-day below the required level
estimated using the Safer Nursing Care Tool, the odds of the shift leader reporting that there were
enough staff for quality were reduced by 11%, the odds of reporting nursing care left undone were
increased by 14% and the odds of reporting staff missing breaks were increased by 12% (all p < 0.001).
The results for support worker shortfall were similar.

However, the regression models also highlighted that some factors not considered directly in the Safer
Nursing Care Tool may also be related to professional judgements about the adequacy of staffing.
Although the effects were not always significant, nurses in charge of wards with a higher proportion of
single rooms were more likely to report care left undone. Nurses in charge of surgical wards were more
likely than those on medical/mixed wards to report nursing care left undone and missed breaks, and less
likely to report enough staff for quality. Patient turnover per day (measured as admissions, discharges
and transfers per care hour) was not significant in the models, although large non-significant associations
were consistent with turnover increasing nurse workload.

We found no clear pattern by day of week, but Saturdays compared favourably with Mondays for all
reported measures, although Sundays were no more likely to be seen as adequately staffed at any
given level than were Mondays. In our models matching shifts rather than days, we found that night
shifts were more likely than morning or afternoon shifts to be perceived as adequately staffed for all
three measures.

We found limited evidence of non-linear effects and interactions between staff groups, but these appeared
to have little appreciable impact on estimated effects. In particular, there was no clear threshold consistent
with the Safer Nursing Care Tool indicating an optimal staffing level because outcomes improved as
staffing rose above the measured ‘requirement’, with no clear evidence of diminishing returns.

Our simulation model used data from our observational study to model the consequences and costs of
setting the establishment using the Safer Nursing Care Tool: ‘high’ establishments (set to match the
level of demand observed on 90% of occasions) and ‘flexible (low)’ establishments (set to meet 80% of
observed average need) compared with the ‘standard’ approach where staffing is set to meet mean
demand. Compared with the ‘standard’ (mean average) approach to setting the establishment, the ‘high’
establishments were 10% higher, on average, across the four hospital trusts.
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Despite using temporary staff, on average across the hospitals the ‘flexible (low)’ establishment resulted
in 63% of patient shifts falling ≤ 15% below the required staffing level. The standard establishment
resulted in 31% of patient shifts with understaffing, whereas the ‘high’ staffing establishment resulted
in 19% of patient shifts with understaffing. Overstaffing by > 15% above the requirement was less
common, occurring on average on 15%, 7% and < 2% of patient shifts when using ‘high’, ‘standard’ and
‘flexible (low)’ establishments, respectively.

Increased staffing costs associated with the ‘high’ staffing establishments varied by hospital trust but
were, on average, £11 per patient-day higher (8%). ‘Flexible (low)’ staffing establishments were associated
with daily savings of £15 per patient-day (11%), mostly because of unfulfilled demand. The differences
in both understaffed shifts and costs reduce if greater availability of temporary staff is assumed.

Even with high availability of temporary staffing, ‘flexible (low)’ establishments are associated with high
rates of understaffing because a threshold based on ‘whole people’ has to be reached to trigger a
request for additional staff, actual patient need varies and we assume temporary staffing to be less
efficient. Assuming unlimited agency availability, ‘flexible (low)’ establishments are associated with
understaffing on 21.4% of patient shifts and a cost saving of only £3 per patient-day (2%).

In our economic models, ‘high’ establishments are associated with a 1.2% reduction in bed-days
used, and a relative reduction of 4.5% in the risk of death compared with ‘standard’ establishments.
This equates to one life ‘saved’ for every 665 patients admitted to a hospital (number needed to treat).
The additional staff costs per life saved are £20,423, with a net cost (after taking account of the value
of bed-days saved) of £9506 per life saved. If the potential adverse effects of temporary staffing are
included, the number needed to treat is smaller (n = 627), as is the cost per life saved (£19,390 staff
costs and £8876 net).

‘Flexible (low)’ establishments are associated with an 8.3% increase in the risk of death, equating to
one additional death for every 361 patients admitted (number needed to harm). The ‘standard’ (Safer
Nursing Care Tool mean-based) establishment when compared with the ‘flexible (low)’ staffing gives a
cost per life saved of £22,910 (net £13,967). As availability of temporary staffing increases, the cost
per life saved of higher staffing establishments reduces.

Limitations

This is an observational study and cause and effect should not be assumed. Outcomes of staffing
establishments are simulated. In the simulation modelling, we assumed that workloads in different
wards were independent of one another. We did not track changes in acuity/dependency for individual
patients, nor did we track possible changes linked to low staffing. We had to make many assumptions
to develop a model, although, in general, the conclusions do not appear to be sensitive to these
assumptions.

Conclusions

The hospital trusts in this study successfully implemented the Safer Nursing Care Tool and used it to
guide establishment-setting. It is necessary to understand variation to decide the number of observations
required to determine an establishment, but more than the recommended 20 observations may be
required. Staffing levels measured by the tool are associated with professional judgement of staffing
adequacy and so the tool has some degree of validity. To our knowledge, this is the first evidence that
shows that the Safer Nursing Care Tool is related to professionals’ assessments of what constitutes
‘enough staff’, although we cannot show that the tool provides a measure that is superior to professional
judgement. The Safer Nursing Care Tool multipliers may not properly reflect the staffing requirements of
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some units that are influenced by factors other than patient acuity/dependency. Smaller units and units
with more single rooms may require more care hours per patient-day to provide adequate staffing to
reliably meet patient need.

In modelling different approaches to using the tool to set ward establishments, we demonstrated that
patient need can be met more reliably by setting the ward establishment at a level that is above the
mean. Other approaches risk patients being exposed to very frequent low staffing, requiring the use
of temporary staff, who are not always available. Because of the consequences of low staffing, higher
establishments are potentially cost-effective when compared with lower ones. Our findings support
flexible staffing policies guided by the Safer Nursing Care Tool, but such policies are cost-effective when
based on establishments that are planned to meet patient need 90% of the time. A flexible staffing policy
that sets establishments based on mean demand is also cost-effective when compared with a staffing
policy based on a ‘low’ core establishment. This is in part because flexibility is constrained by limited
availability of temporary staff and there are increased unit costs of staff. Flexible staffing with low base
establishments is not effective. Furthermore, when temporary staffing availability is high, cost savings
are largely eliminated. Although the routine deployment of systems that allow real-time calculation of
staffing requirements can help with ongoing monitoring of a ward’s staffing, for sufficient staffing to be
delivered consistently, the priority remains correct determination of the necessary baseline. The best
outcomes for patients are achieved at the highest establishments, but evidence from other studies
shows that skill mix must be maintained.

Recommendations for research

Our recommendations for further research include:

1. more extensive observational studies, considering the potential influence of the availability of other
professions and using other patient/staff outcomes to identify tipping points at which there are
‘enough’ staff and more staff would not improve outcomes further

2. prospective studies of the use of different approaches to determining staffing requirements,
including assessing patient outcomes

3. investigating the fit of the Safer Nursing Care Tool at ward level
4. studying the variability of workload within acuity/dependency levels
5. simulation modelling of different priorities of nursing tasks and how much time is required as a

buffer to have enough nurses when there are simultaneous urgent tasks
6. more detailed investigation into specialing requirements
7. development of simulation models of nurse staffing that model interdependence of staffing

requirements in different wards
8. studying how much tolerance needs to be built in between the employment, deployment and

rostering planning stages.

Trial registration

This trial is registered as ISRCTN12307968.

Funding

This project was funded by the National Institute for Health Research (NIHR) Health Services and
Delivery Research programme and will be published in full in Health Services and Delivery Research;
Vol. 8, No. 16. See the NIHR Journals Library website for further project information.
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Chapter 1 Introduction

Overview

Approximately 310,000 whole-time equivalent (WTE) registered nurses were employed in NHS
hospital trusts in England during July–September 2018, with an estimated 11.6% vacancy rate; that is,
there were > 40,000 WTE registered nurse vacancies.1 Multiple reviews of research have established
that higher registered nurse staffing levels in hospitals are associated with better patient outcomes
and care quality. Reported associations include lower risks of in-hospital mortality, shorter lengths
of stay and fewer omissions of necessary nursing care.2–5 Newer studies6–9 exploring patient-level
longitudinal relationships and causal mechanisms provide increasing confidence that the observed
relationships are, at least in part, causal. However, beyond providing an injunction to invest in ‘more’
staff, such studies rarely offer a direct indication of how many staff are required in a given setting.
Given the size of the nursing workforce and the shortages in supply, the ability to properly determine
an ‘optimal’ staffing level is an imperative from the perspective of both quality and efficiency of care.

The Francis Inquiry10 into the failings of the Mid Staffordshire General Hospital (Mid Staffordshire NHS
Foundation Trust) identified low staffing as a significant contributor to ‘conditions of appalling care’.
A key recommendation of this inquiry was the development of guidance for nurse staffing, including:

. . . evidence-based tools for establishing what each service is likely to require as a minimum in terms of
staff numbers and skill mix.

Francis.10 Contains public sector information licensed under the Open Government Licence v3.0

The use of tools can vary to support a range of operational decisions, for example how many staff to
employ on a ward, which staff are needed on particular shifts and whether or not staffing is adequate,
and for billing purposes. Despite the large number of nurse staffing tools available, the determination
of the hours required to maintain ‘adequate’ or ‘quality’ staffing remains problematic. Commissioned to
develop national safe staffing guidelines for the NHS in the UK following the Francis Inquiry, the NHS
advisory body the National Institute for Health and Care Excellence (NICE) concluded that:

There is a lack of research that assesses the effectiveness of using defined approaches or toolkits to
determine nursing staff requirements and skill mix.

© NICE 2014 Safe Staffing for Nursing in Adult Inpatient Wards in Acute Hospitals (Guidance).11

Available from www.nice.org.uk/guidance/sg1. All rights reserved. Subject to Notice of rights.
NICE guidance is prepared for the National Health Service in England. All NICE guidance

is subject to regular review and may be updated or withdrawn. NICE accepts no
responsibility for the use of its content in this product/publication

The evidence review undertaken by NICE was based on existing reviews and focused on the impact of
staffing tools and methodologies on outcomes and quality,12 but other reviews of broader scope over
many years have reached similar conclusions.13–18

Despite the lack of evidence, soon after publishing its guidance in 2014, NICE endorsed the Safer
Nursing Care Tool (SNCT) as a decision support tool for setting nurse staffing levels on adult inpatient
wards to meet patient need, based on an acuity/dependency measure.19–21 Already the most popular
tool in use in the NHS, it is now used in the vast majority of acute NHS hospitals.22 The present study
explores the use of the SNCT and seeks to address a number of key questions about the tool, including
(1) the extent to which the staffing requirements estimated using the tool provide staffing levels that
accord with professional judgements about sufficient staffing to provide quality care, (2) the best
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approach to using the tool’s results to set the required staffing level and (3) the costs and likely
consequences of staffing wards according to the levels prescribed by the tool, questions that, thus far,
have been largely neglected in the literature about this or any other tool.

Nurse staffing levels and outcomes

Reviews of observational studies2–5,12,23,24 have consistently concluded that there is an association
between higher registered nurse staffing levels and better outcomes for patients in acute hospitals.
In 2007, a systematic review identified 96 studies and concluded from a meta-analysis of 28 that
increased registered nurse staffing levels are associated with lower risks of in-hospital mortality (for
intensive care, surgical and medical patients), shorter lengths of stay (for intensive care and surgical
patients) and reductions in occurrences of various other adverse patient events.4 The majority of
the papers included in this 2007 meta-analysis were from the USA, but the association between
nurse-to-patient ratios and in-hospital mortality has subsequently been confirmed in several other
countries and regions, including in a large-scale cross-sectional study25 of more than 400 hospitals in
many European countries.

Subsequent reviews have confirmed associations between nurse staffing and care quality across a
range of outcomes and process measures, including omissions of essential nursing care, which has been
identified as a key mechanism leading to adverse patient outcomes.5 Because of the varying scope of
material in the reviews, it is now hard to judge the full extent of the evidence, but an assumption that
the size of the evidence base has more than doubled since Kane et al.’s4 2007 review would probably
be a highly conservative one. However, the evidence is, without exception, observational and, with few
exceptions, cross-sectional, albeit based on large studies often involving hundreds of hospitals and
millions of patients.2

Causality
Although an overall association seems clear, it has been more difficult to establish that increased nurse
staffing levels cause improved patient outcomes. In the abundant cross-sectional studies, it is conceivable
that poor outcomes lead to a decision to increase staff levels, which may explain why associations with some
of the most plausibly nurse sensitive outcomes, such as pressure ulcers, are least clearly supported.2 It is also
difficult to disentangle nurse staffing effects from wider hospital resources, including medical staffing levels,
although there are now a number of studies that demonstrate a nurse staffing effect when controlling
for levels of medical or other staff26–29 or that are otherwise largely immune from such confounding.6,8,9

Kane et al.’s4 meta-analysis provides evidence for causality assessed against the so-called ‘Bradford Hill’
criteria30 by, first, showing the consistency of results from multiple studies, second, showing that
results are not sensitive to the study designs used, and, third, providing evidence of a dose–response
relationship. More recent studies5–7,31,32 provide evidence for plausible causal mechanisms related to
omissions of care by showing that omissions partially mediate the association between staffing levels
and outcomes for both mortality and patient satisfaction. Recent studies6,8,9 have used a longitudinal
rather than a cross-sectional design, showing that the association operates at the level of individual
patient exposures to low nurse staffing on wards, as well as establishing the temporal order of events.

Cost-effectiveness and efficiency
Despite the plentiful evidence of the link between increased nurse staffing levels and improved patient
outcomes, NICE found it insufficient to translate into specific staffing recommendations.11 As NICE’s
framework for evaluating service changes is to measure the potential cost benefit, for example the cost
per life saved, reliable estimates of these measures are needed before evidence-based recommendations
can be made. Existing international economic modelling studies have produced widely disparate estimates
of cost-effectiveness.2,33 Some studies suggest that increases in registered nurse staffing might fall within
accepted cost-effectiveness thresholds and increases in skill mix could prove cost neutral, but there is
substantial uncertainty associated with the finding.6
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Although the potential effects of changes in staffing levels have been addressed in many studies, the
question of how many nurses are actually required, or how to make that determination, remains
unanswered by such studies. Policies of mandatory staffing minimums have been much discussed and
implemented in a number of jurisdictions, most notably California, USA.34–36 These policies remain
controversial and evidence of the benefits associated with them remains elusive, as well as being
difficult to disentangle from the simple effects of staffing increases, making it unclear whether or not
the specific staffing levels mandated are correct.2,34 Furthermore, these policies have been criticised as
providing an inflexible system that is potentially inefficient.37 Even when mandatory minimum policies
are implemented, a requirement remains that patient care needs over and above the minimum be
assessed and staffing adjusted accordingly.

Overview of approaches to setting nurse staffing levels

Many approaches to setting nurse staffing levels have been described. Typologies to classify these
approaches have been proposed by, for example, Hurst16 and Edwardson and Giovannetti.15 We
present the main types (using these proposed typologies with minor adjustments), along with examples,
in Table 1. The number of nursing staff funded to work on a ward is called the nursing establishment.11

Telford’s professional judgement method,38 which was first formally described in the UK in the
1970s and later documented by Hurst,16 shows how a shift-level staffing plan can be converted into a
recommendation for the number of staff to employ. The method provides a framework for deliberation
and consideration, but at its core the judgement of required staffing is based on the judgement of
senior nurses, with no recourse to any direct calculation or formal use of an objective measure to
determine need.14 The calculations offered relate solely to the conversion of shift-level staffing plans
to establishments or vice versa. In recent years this deliberative approach without formal measures
appears to have been reflected in the US Veterans Administration staffing methodology.39 Other
approaches that could be characterised under this method include benchmarking approaches by which
expert judgements are made about suitable comparators, and the staffing levels and achieved quality
are compared between similar units.

Benchmarking exercises are often used to arrive at a nurse-to-patient ratio or equivalent (e.g. nursing
hours per patient) to assign a minimum or fixed number of nursing staff per occupied bed.16 Although
characterised by Hurst as a distinct method, there is little initial formal assessment of patient requirements
for nursing care, although consensus methods and expert judgement are often used when determining the
staffing requirement for particular types of wards and selecting appropriate benchmarks.

TABLE 1 Types of nurse staffing methodology

Type of approach Examplesa

Expert judgement l Telford’s professional judgement38

l US Veterans Administration staffing methodology39

l Benchmarking

Patient volume l Nurse-to-patient ratios (including mandatory minimums and nursing hours per
patient-day)

Prototype/patient classification l SNCT

Task/timed task l GRASP®

Indicator l Oulu Patient Classification (part of the RAFAELA® system)

Regression l Workload intensity measurement system
l RAFAELA system

a Approaches may belong to more than one type.
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Effectively, these approaches assume that all patients in similar wards have similar care needs, or that
the average need is stable across patient groups for a given shift period, so that most of the time
needs can be anticipated and met with a fixed roster. When demand is above this, it is expected that
additional staffing requirements be determined. Although the benchmarking comparison with similar
wards gives the appearance of objectivity, much depends on how the initial staffing levels were arrived
at, and there is ample evidence that perceptions of staffing requirements are largely anchored to
historical staffing levels.40 Because some more recent approaches to monitoring workload extend this
approach to take a wider view of activity, adding in admissions and discharge over and above the
patient census, we will term these benchmarking and ratio approaches ‘patient volume’ approaches.

Other approaches attempt to account for variation in needs between patients, and these can be used
instead of, or together with, minimum staffing levels. For example, patient classification systems (also
referred to by Hurst as acuity/dependency systems) categorise patients according to their nursing
care needs and recommend a staffing level for each category.17 These categories may either be
designed specially (e.g. classifications based on levels of acuity and/or dependency) or already be in
use (e.g. diagnosis-related groups).17 The SNCT is one such system, allocating patients to one of five
acuity/dependency categories with a weighting (described as a ‘multiplier’) to indicate the required
staff to employ associated with patients in each category.19 On the other hand, the timed-task approach,
rather than categorising patients, considers each new patient individually. The required staffing for a
patient is calculated from time estimates for a list of the tasks and activities planned for that patient.16

The commercial GRASP system, widely used in the USA, is one example.15 In all of these approaches,
the total staffing required is calculated by summing up the individual patient requirements, possibly
with some overheads.

The approach to determining the required times for patient groups, specific tasks or broad areas of
activity varies. The literature describes the use of both empirical observations and expert opinion to
determine the average time associated with activities or patient groups.41–43 In some cases, there is an
explicit attempt to make workload/time allocations based on reaching some threshold of quality or
optimum care.44,45 Approaches to identifying the time required for work aside from directly caring for
patients vary, but all approaches take this into account, often assigning a fixed percentage of time over
and above that measured for patient contact.

Hurst16 also described regression-based approaches. These are based on models of the relationship
between patient-, ward- and hospital-related variables, and the staffing level observed in ‘quality-
assured’ wards. The regression coefficients, together with the values for each variable, are used to
estimate the required staffing for other wards. Perhaps owing to the obvious complexity, there are
relatively few examples, although Hoi et al.46 provide one recent example, the workload intensity
measurement system. In some respects, the regression-based models simply represent another
approach to allocating time across a number of factors rather than directly observing time linked
to specific activities. The RAFAELA system, widely used in the Nordic countries, although based on
a relatively simple patient classification, also uses a regression-based approach to determine the
staffing required to deliver an acceptable intensity of nursing work for a given set of patients in a
given setting.44,45,47

Edwardson and Giovannetti15 offer a slightly different typology, differentiating ‘prototype approaches’
from ‘indicator approaches’ and ‘task approaches’. Prototype and task approaches broadly resemble
the patient classification and task approaches (respectively) previously described. Indicator approaches
ultimately assign patients to categories but this is done based on ratings across a number of factors
that are related to the time required to deliver patient care. These can include broad assessments of
condition (e.g. ‘unstable’), states (e.g. ‘non-ambulatory’), specific activities (e.g. complex dressings) or
needs (e.g. for emotional support or education).15 The Oulu Patient Classification, part of the RAFAELA
system, is one such example. Here patients are assigned to one of four classifications, representing
different levels of care required, based on a weighted rating of care needs across six dimensions.44
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However, the inclusion of some specific activities in Edwardson and Giovannetti’s15 definition of indicator
approaches makes it clear that the distinction from task-/activity-based systems is not an absolute one.
Typically, however, task-based systems take many more elements into account: over 200 in some cases.15

Overlap of approaches
Although these typologies are useful for setting out some common characteristics of nurse staffing
approaches, it is not true that each approach belongs in only one category.

As an example, expert judgement-based approaches might involve benchmarking to set a fixed establishment
for a ward, but based on an underlying staffing model that aims for a given nurse-to-patient ratio on each
shift (and so might be classified as a patient volume-based approach). However, the original determination
of that requirement might have involved a detailed appraisal of patient need on a given ward involving
many factors, but no formal measurement.

On the other hand, although a patient classification system may set an establishment based on a
measurement of individual patient needs, without the application of further expert judgement for
deploying staff on shifts, the establishment, once set, implies that care needs are then met by a fixed
nurse-to-bed ratio regardless of daily variation. Indeed, a simple prototype classification system, such as
the SNCT, resembles a volume-based mandatory minimum staffing policy supplemented by assessment
of variation above the base requirement, such as that implemented in California, because there is an
implied absolute minimum staffing level per patient, associated with the lowest weighting.

Evaluation of staffing methods/tools

One early review of nurse staffing methods, published in 1973,18 included a bibliography of over
1000 studies but found no evidence concerning the relative costs or effectiveness of different staffing
methods. It concluded that there was no substantive basis for choosing any one system over another,
little evidence for validity beyond ‘face’ validity and scant evidence even of reliability, summing up that
‘Although the intent of the methodologies is admirable, all are weak’ (p. 57).18

Subsequent reviews have had to embrace an ever-growing body of research, and yet they reach
remarkably similar conclusions. A review13 undertaken for the then Department of Health and Social
Services in the UK in 1982 identified over 400 different systems for determining staffing requirements.
Writing in 1994, Edwardson and Giovannetti15 noted the absence of published scientific evidence for a
number of commercial systems, such as GRASP or Medicus, which were in widespread use in North
America. They also noted that, although different systems tended to produce results that were highly
correlated, they could, nonetheless, produce substantially different estimates of the required level of
nursing staff for a given patient or unit.15 Edwardson and Giovannetti’s15 analysis concluded by asking a
number of questions, which remained unanswered by the evidence they reviewed:

l Do the results of workload measurement systems differ substantially from the staffing requirements
judged by practising professional nurses?

l Does the implementation of a staffing methodology or tool lead to altered staffing levels or,
conversely do historical staffing levels influence the assessment of need?

l Do workload measurement systems improve the quality of care?
l Do workload measurement systems result in more efficient use of nursing personnel?

More recently, in 2010, Fasoli and Haddock17 reviewed 63 sources (primary research, theoretical
articles and reviews) and also concluded that there was insufficient evidence of the validity of many
current systems for measuring nursing workload and staffing requirements. They described the field as
dominated by descriptive reports of locally developed approaches, with limited or weak evidence of
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validity for even widely used and commercially supported systems.15,17 They concluded that systems in
use may not be sufficiently accurate for resource allocation or decision-making.17,48

There is little basis for preferring any one tool or approach over another based on the available
evidence. Professional judgement-based approaches, despite being open to accusations of subjectivity,
cannot be readily dismissed, as there is no substantial evidence that moving from a judgement-based
staffing model to one informed by a tool has improved any outcomes or made more efficient staffing
allocations.2,13,14,16–18,40 One of the most comprehensively researched systems determines the staffing
requirement by titration against a subjective report of work intensity.44,47 Uncertainty over the best
method might matter little if different approaches gave similar results. Although direct comparisons are
few and far between, it is, however, clear that different systems can give vastly different estimates of
required staffing.49–52 In one study,52 the five systems tested provided estimates that correlated highly.
However, they offered a wide range of average staffing requirements for the same sample of 256 patients,
with the lowest average being < 60% of the highest [6.65 vs. 11.18 hours per patient-day (HPPD)].

The reviews discussed here, as well as others,2,13–18,40,48,53 give a clear indication of the vast literature on
nurse staffing methodologies, but the field appears to have made little progress over many years. Most
research reports on the underlying development of tools or assesses their implementation, but little
research validates the resulting tools, and the reviews indicate that none has evaluated the impact of
implementation on outcomes for staff or patients.

The Safer Nursing Care Tool

Following the Francis Inquiry report and the development of NICE guidelines, the SNCT was the first tool
endorsed by NICE for setting nurse staffing levels. Following this, NICE endorsed three other tools.54

Of these, one is a rostering system incorporating an acuity/dependency tool based on the SNCT (Health
Roster/SafeCare®, Allocate Software, London, UK), one is a web-based tool that explicitly claims to use
the SNCT criteria [iPAMS, formerly Albatross Financial Solutions; documentation found at https://
docplayer.net/17204848-Ipams-integrated-patient-acuity-monitoring.html (accessed 2 November 2018);
now IQVA UK/NHS Solutions] and one is a generic framework for reviewing establishments using
benchmarking principles (Establishment Genie, Creative Lighthouse Ltd, Beaconsfield, UK).

The SNCT is a prototype tool. The documentation of the tool19 provides a framework for incorporating
professional judgement and assessment of nursing-sensitive outcomes as part of a ‘triangulated
approach’. However, the core of the tool is a method for determining the average patient need for a
given ward based on assessing patients and allocating them to one of five acuity/dependency categories,
each of which has a ‘multiplier’ corresponding to the typical workload involved in caring for a patient in
that category. From these data, a ward establishment sufficient to provide staff to meet patient need is
calculated, making provision for necessary ‘time out’, including study leave and expected sickness/
absence rates.

The ubiquity of the SNCT is confirmed by surveys of English NHS acute hospital trusts. In 2010, as
part of the RN4CAST study of the nursing workforce, we undertook a survey of a stratified random
sample of 31 English acute hospital trusts. We found that a majority (59%) of these trusts used a
formal acuity/dependency system to guide nurse staffing decisions. Most identified the tool used as the
SNCT or its precursor (RN4CAST survey, 2010, unpublished data). Although the SNCT is designed to
set nursing establishments based on periodic review, 36% of hospital trusts reported that they monitor
acuity/dependency daily, making a responsive, flexible staffing policy potentially feasible. In 2017, we
undertook a national survey of acute hospital trusts in England (91/148; 61% response rate) and found
that > 80% were using the SNCT as part of their establishment-setting process.22

Despite its endorsement and widespread use, there is no existing review of evidence about the SNCT.
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Commissioning brief

This research was commissioned to address a number of key knowledge gaps identified by NICE and
amplified in the commissioning brief 14/194 – ‘measuring nursing input, workload, activity and care’
from the National Institute for Health Research (NIHR) Health Services and Delivery Research
programme (see the project web page at www.journalslibrary.nihr.ac.uk/programmes/hsdr/1419421/#/
for the full commissioning brief), specifically themes ii, ‘Reviewing and validating tools to measure
nursing activity and workload’, and iv, ‘Making use of nurse staffing data in NHS organisations’.

Chapter summary

l Evidence that establishes associations between nurse staffing levels and important patient
outcomes, including mortality, indicates the likely importance of getting nurse staffing levels right,
but does little to indicate what the correct level should be.

l We identified a vast literature going back over many years, which described and purported to
evaluate tools and systems for determining nurse staffing levels on hospital wards.

l Nurse staffing tools and systems are used to inform the employment of staff (setting ward
establishments) and the deployment of staff (both in terms of staffing plans and deployment on
the day) and as evaluating the successful delivery of the staffing plan, and for billing purposes.

l Although there are many distinct tools and systems, they tend to fall under one or more types
of approach.

l The main types of approach are professional judgement approaches, patient volume approaches,
prototype/patient classification approaches, approaches that are based on assigning times to tasks
on a care plan, and indicator and regression approaches, where several factors are considered.

l Prototype/patient classification approaches, where an average time (or equivalent measure) is
assigned to a patient ‘type’, are the most common and the most widely used.

l In the UK, the SNCT is an example of a prototype approach, assigning patients to one of five
categories based on an assessment of their acuity and dependency on nursing care.

l The distinction between types of approach is not an absolute one and, for example, the SNCT relies
heavily on professional judgement.

l Despite the vast literature, a series of reviews have drawn very limited conclusions about the tools
and are unable to provide unequivocal support for the validity, costs or effects of any tool, or type
of approach.
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Chapter 2 Literature reviews

We carried out two narrative reviews. In the first review, we looked at recent literature on what is
known about nurse staffing methodologies in order to update the evidence base following the

review of reviews undertaken in 2014 to support the development of the NICE safe staffing guidelines.
For this, we considered papers on the use, development, reliability and usability of tools, papers
comparing tools and papers evaluating the impact of using tools.

In the second review, we aimed to collate evidence about the SNCT in particular. This consisted of any
material, including grey literature, describing the development or use of the SNCT and its forerunners.

Recent literature on staffing methodologies

Methods, scope and selection
We developed a search strategy that was specific and reasonably sensitive using the results of our
comprehensive review for NICE as a test set.12 We used the terms “Workload”[key word, MESH] or
“Patient Classification”[key word] AND “Personnel Staffing and Scheduling”AND “Nurs*”[key word] or
“Nursing”[Mesh] and limited using the Ovid MEDLINE sensitive limits for reviews, therapy, clinical
prediction guides, costs or economics.We also searched across MEDLINE, Cumulative Index to Nursing
and Allied Health Literature (CINAHL) (key word only) and The Cochrane Library.We performed
additional searches for citations to existing reviews and the works of their authors on the assumption
that new studies were likely to cite one or more of these.We also undertook focused searches on
databases for works by key authors and on databases/the World Wide Web for specific terms associated
with widely used tools. Searches were completed in mid-October 2018.We looked specifically for
primary studies published from 2008 onwards (as the reviews we identified previously covered earlier
material) and new reviews published from 2014 onwards (the date of our review for NICE). After
removing duplicates, we had 392 sources to consider for this review.

We took a liberal approach to inclusion. First, we included primary studies that described the use,
development, reliability or validity testing of systems or tools for measuring nursing workload or for
predicting staffing requirements. Second, we included studies that compared the workload as assessed
by different measures, or that used a tool as part of a wider study in such a way that it might usefully
give some insight into the validity of tools or some other aspect of the determination of nurse staffing
requirements. Third, we included studies that reported the costs and/or consequences of using a tool,
including the impact on patient outcomes. We included only studies that were of direct relevance to
calculating the staffing requirement on general acute adult inpatient units, and this excluded studies
focusing on (for example) intensive or maternity care. However, had we identified material that
illustrated a significant methodological advance or another insight, we would have been open to
including it for illustrative purposes.

Review results

We found no new reviews and 36 primary sources published from 2008 onwards to consider
(see Report Supplementary Material 1, Table 85, for fuller descriptions). We classified the sources
according to the main purposes of the articles: description, comparison, development, operational
research or evaluation. Some articles did not clearly sit in one or another category and were given a
dual classification.
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Description
Six sources19,20,39,55–57 simply described the use of a staffing system or tool (classified as ‘description’),
although they also reported some data, generally exemplar graphs or charts of varying workload.
In addition, three studies classified in this group sought to measure nursing workload or demand
associated with different ward designs58 or diagnostic groups59 or to determine variability in patient
need prior to developing a new workload management system.60

These studies provide ample reminder that, however measured, there are many sources of variation in
the requirement for nursing care on a ward. These arise from the number of patients and the numbers
of admissions and discharges, individual patient characteristics and their specific needs, nursing skills
and contextual factors such as the physical arrangement of the ward. These needs vary considerably
between units and from day to day, although none of these studies provided a measure that allowed
the variation to be directly quantified in terms of staff required from day to day.

Comparison
Four sources compared workload as assessed using different approaches, although two of these
compared only patient volume-based approaches (different approaches to calculating HPPD, inclusive
of turnover):61,62 one compared an acuity/dependency measure with a purely volume-based approach63

and the other compared a newly developed indicator system incorporating additional factors with the
results of a pre-existing system.46

Again, these studies emphasise the lessons determined from previous research: different methods
arrive at different results, and methods that take into account more factors appear to arrive at higher
workloads. By comparing nurse staffing tools, it has been shown that the inclusion/exclusion of some
factors can make a great difference to the estimated workload. An unquantified statistically significant
increase in workload from including patient turnover in a volume-based measure was noted in one
study.61 On the other hand, differences between alternative approaches to counting patients in
methodologies using hours per patient-day seem to be of marginal overall practical significance.61,62

However, an acuity/dependency system identified an additional 6 hours of care per day compared
with a standard HPPD method.63 Furthermore, a multifactorial indicator system led to an estimated
nurse-to-patient ratio that was double that determined by an existing, less complex system.46

Development
Perhaps most striking is that the second largest group of studies (13 in total) were those described as
‘development’, reporting on the full or partial development of a new measure or the adaptation of an
existing measure.41–43,46,60,64–71 These measures were often for local use only and most appeared to be
subject to a single report only, although three papers42,43,66 related to a single programme of work. Rather
than going into detail on the specifics of each of these tools, it is perhaps more instructive to note that
all of the system types noted earlier, from professional judgement and volume-based approaches
through to timed task, have appeared in these reports on developments from 2008 onwards.

Although these reports typically identify an average time or weighting associated with aspects of care/
particular groups of patients, the variability in the underlying estimates is rarely reported or considered.
A rare exception to this is the work of Myny et al.42,43 in Belgium, where a few examples of variation in
activities are presented as interquartile ranges (interquartile ranges for ‘settling a bedridden patient’ and
‘settling a non-bedridden patient’ are 5–25.75 minutes and 8–25.25 minutes, respectively). Some 95%
confidence intervals for mean activity times are also reported; however, the underlying variation is
unclear as sample sizes are not reported for these. The width of the confidence interval makes it clear
that variation is, nonetheless, substantial. For example, the estimated standard time for ‘partial help with
hygienic care in bed’ had a 95% confidence interval from 7.6 to 21.2 minutes. This was the only study
that addressed the sample size required to gain accurate estimates of time. Over 40 days of observation,
the authors were unable to reliably estimate the average care time (within ±10%) for the majority of the
care tasks they considered. Large standard deviations and skewed distributions meant that the required
sample sizes were unfeasible.
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It may be that prototype approaches, whereby measures are based on the typical care needs of
patients fitting a particular profile, are less subject to variation between individuals with the same
classification, but we found no equivalent estimates of variation for such systems. One reason that
such measures of variability rarely appear may be that, despite the external appearance of ‘objectivity’,
the times or weights assigned within the system are often wholly or partly arrived at through an
expert consensus exercise.42,68,71 It is clear that professional judgement remains an important source of
information and validation for any system.

Operational research
We identified four studies72–75 that emanated from the tradition of operational research methods.
Although these papers are only examples of a much larger body of literature that focuses on nurse
rostering as opposed to developing new workload measurement tools,76 they do serve to highlight one
important issue: determining the average staffing requirement does not necessarily provide a solution to
the base staffing required to meet varying patient need. Two studies,72,75 one using an acuity/dependency
measure described as ‘informed’ by the work of the developers of the SNCT, determined that optimal
staffing in the face of varying patient demand was higher than a level determined simply by staffing to
meet the mean average demand. In one case the apparent ‘overstaffing’ was associated with net cost
savings in modelling/simulations, in part because of the potential value of ‘excess’ staff who were
available for re-deployment to understaffed units.72 Other studies modelled the effects of the use of
varying configurations of ‘float’ pools to meet fluctuations in demand.73,74 The purpose of these studies
seems to be primarily to generate ‘local’ solutions, rather than to provide directly generalisable answers.
However, they do indicate that, even when a tool correctly determines average staffing requirements,
the average does not necessarily provide the optimal answer to the question of how many staff should
be employed or routinely deployed on a ward.

Evaluation
Many of the sources classified as ‘development’ were also classified as ‘evaluation’. In total, 16 sources
were classified as evaluation based on reporting attempts to assess the reliability or usability/user
experience of the system or data that might reflect on the validity or effectiveness of a system.

Reliability and usability
Reliability studies show that nurses can make reliable assessments using a range of classification
systems,67,68,77 although achieving inter-rater agreement is not always straightforward and the reliability
of ratings in a new setting should not be assumed.78 Van Oostveen et al.’s78 pre-implementation study
for the RAFAELA system demonstrates that successful implementation of any system requires
significant investment to engage and train staff. Even in the face of broad support, there was insufficient
engagement with the measures of staffing adequacy required by the system, and satisfactory reliability
proved hard to achieve, despite having been demonstrated in other studies.78 Brennan and Daly79 also
identified challenges in achieving reliable assessment and consensus on the validity of some important
items of their indicator measure.

Taylor et al.39 described the substantial challenges faced when implementing a professional judgement-
based system for the US Veterans Administration. In concluding that their system could be implemented
successfully, they highlighted nursing leadership and front-line staff buy-in as essential. They also
emphasised the importance of staff training and the risk of cynicism if staff invest effort in a new system
but see few tangible outcomes.

Validity and outcomes
A number of studies20,68–71 seek to demonstrate the validity of their measurement by showing that
staffing or workload as measured by a tool corresponds with some other measure of workload or
measure of acuity/dependency. In all but one of these examples, the criterion is, in effect, a professional
judgement of some measure of demand for nursing care. In addition, the determination of the required
staffing level in the RAFAELA system is based on identifying a level of Oulu Patient Classification
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weighting that is associated with nurses’ reports that staffing is ‘optimal’, further emphasising the
continued role of professional judgement in determining validity.55

We found no controlled prospective studies showing the effects of changing staffing models using
tools. Three studies demonstrated that staffing below the level recommended by staffing tools was
associated with adverse patient outcomes. A US study8 using an unspecified commercial patient
classification system found that the hazard of death was increased by 2% on every occasion a patient
was exposed to a shift with ≥ 8 hours below the target defined by the system. Mortality was also
increased by exposure to shifts with unusually high patient turnover, suggesting that this might have
been generating additional workload that was not measured by the system. Two studies80,81 used the
‘optimal’ staffing level defined by the Oulu Patient Classification, part of the RAFAELA system, as a
reference. Both studies found that nursing workload above the defined ‘optimal’ level was associated
with adverse patient outcomes, including increased mortality. However, nursing workload below the
optimal level (higher staffing) was associated with further improvements in outcomes,80,81 which raises
questions about whether or not the ‘optimal’ staffing level is correctly defined. Furthermore, the Oulu
Patient Classification workload measure was not clearly superior to a simple patient-per-nurse
measure, based on analysis of decision curves.80

More recently, a UK study6 has shown that when patients were exposed to registered nurse staffing
below the planned level, based on establishments determined using the SNCT, the hazard of death in
one English hospital trust increased by 9%. This study also explored staffing level as a continuous
variable and found that the relationship between mortality and registered nurse staffing levels
appeared to be linear, whereas the relationship with support worker staffing was curvilinear. Deviation
from the planned staffing level by nursing support workers was associated with worse outcomes,
suggesting that the planned level of assistant staffing might indeed be ‘optimal’.6,9

We found no evidence of the impact of implementing a staffing tool or system on costs, patient
outcomes, quality of care or staff, other than the implementation of a ‘nursing hours per patient-day’
methodology in Australia. This methodology assigns a minimum staffing level (measured in HPPD) for
six ward types, based on patient case mix and complexity. Improvements were seen over time in
several patient outcomes, including mortality, although it is unclear if this was specifically associated
with the system used or the resulting increases in staffing levels.82

Consequently, although these studies give some indication of the validity of the tools used as workload
measures, they do not provide clear evidence of the effectiveness of staffing using the tool as opposed
to a simpler volume-based system, nor do they clearly show that the tools give an ‘optimal’ staffing
level for registered nurses. In effect, the results show that increases in staffing result in improved
outcomes. The tools may motivate increases in staffing, although results from using the RAFAELA
system suggest that they could also restrict staffing at a level that is not clearly ‘optimal’, with further
improvements achieved by higher staffing levels.

Discussion of recent research

Although recent years have seen a continued interest and a significant number of publications relating
to systems and tools to determine nurse staffing requirements, the unanswered questions identified by
Edwardson and Giovannetti15 in 1994 remain largely unanswered. The finding that outcomes improve
as staffing levels rise above the ‘optimal’ level determined by the RAFAELA system80 is consistent with
perceptions of adequate staffing being anchored by expectations set by current staffing levels, a
phenomenon that has been widely noted and in turn is cited as a rationale for the use of formal
systems.38,39 It may well be that predetermined or historical staffing levels do alter the outcome of the
workload measurement systems, despite the apparent objectivity.
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Although there are perceptions of benefits, the effect of workload measurement systems on the
quality of care remains unclear. In general, the results of a workload measurement system seem to
correspond closely to professional judgement, although the magnitude and the significance of
differences between the tool and professional judgement are hard to quantify in terms of implied
staffing levels as they are generally not reported. However, different systems can give dramatically
different results and so it is clear that there can be no single answer to the questions of whether or
not workload measurement systems result in an improvement in the utilisation of nursing personnel.

Staffing decisions and the use of tools
A number of different decisions can be made using staffing systems, as summarised in Table 2. They all
necessitate a way of quantifying demand for nursing staff (i.e. workload). The distinction between the
uses of staffing systems is often unclear in much of the published literature and the relationship
between these uses is implicit rather than explicit.

Prospective decisions include how many nursing staff to employ on a ward (the nursing establishment)
and the corresponding planned number of nursing staff to deploy each shift (by time of day and day of
week). Although many of the descriptions of establishment-setting focus on doing this over a long-term
horizon (with staffing plans reviewed only intermittently), tools can also be used on a shorter-term
basis using data from current patients to predict staffing required in the immediate future (e.g. the
next shift). Tools can also be used concurrently to determine current staffing adequacy and to alter
staffing patterns in some way through re-deployment or balancing the workload between staff
members.68,79 Finally, tools can be used retrospectively to review the success of staffing plans – how
well the plan met needs – or as a measure of resource use for pricing, budgeting or billing purposes.57

Sources of variation
The methods described generally match staffing levels to the average (mean) demand associated with a
particular patient group, factor or aspect of care when attempting to estimate current or future staffing
requirements. However, the operational research studies make it clear that, in the face of variable demand,
simplistic responses based on the average may not be the best way to use the results of measurement
systems. Indeed, it is ironic that although much of the literature is concerned with measuring and
identifying sources of variation, it is poor at quantifying such variation in a way that allows the assessment
of decisions based on the mean. Reports rarely provide estimates of the variability, for example standard
deviations around the mean, or even an indication of how certain the estimate of the mean is, in the form
of a confidence interval. Furthermore, averaging occurs at multiple levels, for example average number of
patients, average acuity/dependency per patient and average nursing time per patient in an acuity/
dependency category, so considerable variation can be hidden. In Table 3 we summarise some major
sources of variation in nurse staffing requirements.

It may be appropriate to set the staffing level at the mean requirement if the workload distribution is
approximately normal with low variability because normal distributions have 95% of values within
2 standard deviations of the mean. Provided there is some flexibility in a staff group’s work capacity,
most patients will receive the care they need most of the time if standard deviations are small.

TABLE 2 Uses of staffing systems and tools

Prospective Concurrent Retrospective

l Establishment-setting: employment
and base deployment decisions
(long term)

l Predict immediate future demand
(e.g. next shift)

l Determine current staffing
adequacy and guide deployment/
re-deployment

l Prioritise and allocate work to
a team

l Review success of staffing plans
l Billing and resource use
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However, it is unusual for staffing systems to state what constitutes an ‘acceptable’ level of variability.
In a rare exception, the RAFAELA system does specify a 15% buffer around the mean,55 although the
safety implications are unclear.

Despite the scarcity of data showing the extent of workload variation, it seems plausible that workload
distributions could be highly variable and skewed. For example, there is evidence of left-skewed ward
occupancy distributions,72 which would tend to lead to mean staffing requirements that are lower than
the median. In this case, if staffing levels were set at the mean based on observations over a period of
time, relative understaffing would occur > 50% of the time, although the significance of that depends
on the degree of flexibility in staff capacity.

Furthermore, when planning workload in advance, it is clear that some sources of variation do not occur
at random. As an example, to ensure that there are sufficient staff available to provide cover on wards,
the literature describes the need to add an ‘uplift’ to establishments to allow for staff sickness.16,38

However, staff sickness does not occur uniformly and tends to occur in clusters, with clear seasonal
patterns and variation by day of the week.83 The average uplift would be unlikely to be sufficient to
accommodate for the absence of a member of staff on a given day.

Although the number of care tasks or aspects of care accounted for in different systems varies, it appears
unlikely that any multifactorial system can fully encompass all aspects of the work associated with patients
or the variation in time taken to complete tasks. Prototype systems may bypass this limitation because
they are not reliant on estimates of specific care activities, but this remains untested. However, prototype
systems cannot easily account for variation associated with activities that are not directly linked to the
patient prototype and must instead rely on allowing some form of ‘overhead’ to account for such activities.

TABLE 3 Sources of variation in nurse staffing requirements

Individual patient Ward Staff

Differing care needs

l Different patients have different
need, even within the same
prototype/classification group

l Variability unknown

Patient census/occupancy

l Variation between and within
days, known to be left-skewed

Sickness/absence

l Relatively rare occurrence with
non-random clustering and
seasonal variation

Varying time to deliver care

l Different lengths of time to
undertake the same aspect
of care

l Limited evidence of variability but
may be considerable

Turnover (admission/discharge)

l Considerable variation between
days, potentially left-skewed

Staff leave (holiday and study)

l Known about in advance, and
with predictable and possibly
controllable seasonal variation

Ward layout

l Ward layout and other factors
potentially systematically alter the
time required for certain aspects
of care

Vacancies

l Unpredictable with non-random
clustering

Varying time to deliver care

l Different lengths of time to
undertake the same aspect of
care, due to different level of
experience and training

l Limited evidence of variability but
may be considerable
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In systems based on observing care delivered directly to patients, a large proportion of nursing time is
unaccounted for (typically ≥ 50%), associated with indirect patient care or associated work, as opposed to
direct care. This time is simply added as an overhead.60

Other factors such as patient turnover are not easy to account for in a patient prototype because they
occur at a fixed point in time for a patient and so must also be incorporated into an ‘overhead’ or else
simply averaged across patient groups. Turnover clearly has significant potential to generate nursing
work, as demonstrated by studies showing that volume measures of nursing workload incorporating
this factor are strongly associated with patient outcomes.6,8,9 Moreover, it is highly variable between
and within wards, with some predictable sources of variation (e.g. day of the week) and the potential
for substantially skewed distributions.6 More complex indicator-based systems are better able to
take this into account. For example, the RAFAELA system assesses the ‘planning and coordination
of nursing care’ required for each patient,55 but again a mean average may not properly reflect
varying requirements.

Systems based on local assessments of time required can take into account additional variation that
arises from factors such as ward layout; however, systems that provide standard timings or similar to
apply to patient types or tasks are, in general, unable to consider this. Although evidence that ward
layout may alter staff requirements is limited,58 variation in travel distances and opportunity for patient
surveillance are recognised as having the potential to generate considerable variation in workload
associated with different ward configurations.84,85

Although some systems are able to take into account some (but not all) sources of variation when
estimating means, this does raise a final issue associated with the lack of quantification of variation in
the literature. Even when a mean adequately allows staff to meet variable demand, it is unclear how
much care needs to be observed to establish a reliable mean. As Myny et al.42 point out, when
variability is high, the samples needed to obtain reliable means are large.

Skill mix
The skill mix refers to the proportion of those in the total nursing workforce who are registered
nurses. It is rarely addressed directly by nurse staffing methods,86 despite the significant evidence base
that emphasises the specific association between registered nurse staffing levels or skill mix and
patient outcomes.87 One possible explanation is that many staffing approaches originated in settings
where support staff make only a minor contribution to direct patient care (e.g. in the USA87). A further
difficulty with recommending a suitable skill mix is that support workers’ roles can vary widely.88

Thus, some staffing tools limit their scope to registered/licensed nurses, whereas others, such as the
SNCT,19 plan the total nursing team size and recommend using professional judgement to decide on
the skill mix.

‘Optimal’ staffing
Given that the human nature of nursing work means that it cannot be quantified simply, it is not easy to
agree on the ‘right’ amount of time to spend with each patient/on each task. Underlying each staffing
approach is an assumption about what constitutes ‘safe’, ‘adequate’ or ‘quality’ staffing; these assumptions
are usually implicit. The parameters used in the approaches, for example the recommended length of
tasks in the timed-task approach or the recommended time to care for each patient in patient volume/
classification approaches, are obtained either from expert judgements or from staffing levels/observations
in quality-assured wards.16 Again, the quality criteria and thresholds are not always fully explained. This
means that it is perhaps unsurprising when staffing tools arrive at different recommendations for staffing
levels; they have been developed to meet different (implied) definitions of optimality.
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The Safer Nursing Care Tool

In this section, we report specifically on research relating to the SNCT and its precursors.We considered
all material that described or discussed the tool, although we have been selective in our use of purely
descriptive accounts.We identified material by searching for the names of the tool and its precursors
in databases (CINAHL, The Cochrane Library, MEDLINE, Scopus) and on the World Wide Web, and
following paper references to find earlier documentation.We also enquired of the tool developers and
members of our steering group. The searches were completed in November 2018. Our account of the
tool’s development and history has also been informed by discussions with Keith Hurst and our advisory
group member Ann Casey, two of the leading figures involved in developing and supporting the tool.

Review results
We found 23 sources in total that we used to inform our account of the history of and evidence for the
SNCT. This includes accounts of some of the tool’s precursors and some simple accounts of planned
development or implementations of the tool. We have also included reports of the tool’s use from
national surveys.

It is difficult to fully characterise the underlying research because detail is often reported in multiple
overlapping accounts, sometimes with a considerable lack of clarity. Although the disparate nature of
the material makes a standardised approach to critical appraisal challenging, a striking feature is that
some essential details for reports of work sampling studies, such as the numbers of observations and
observers, are often missing from reports.89

History and development
Prototype tools based on assessments of acuity/dependency are said to be the most widely used
worldwide75 and this was confirmed in England by our recent surveys.22 The SNCT falls into this
category and a version of this tool was in use in > 80% of hospital trusts we surveyed in 2017.22 Using
the core acuity/dependency assessment of this tool, patients are allocated to one of five categories.
These categories indicate requirements for nursing care based on an estimate of the time taken to care
for patients in each category.20 The acuity/dependency categories are associated with multipliers, used
to estimate staffing requirements. These, in turn, have been derived from observations of care on
approximately 1000 NHS wards. At the time of writing, the most recently published multipliers for
general adult inpatient wards had been updated from 40,000 patient care episodes.20,21 However, the
underlying descriptive data used to derive the multipliers have not been systematically reported and so
the number of patients, the mean times associated with each category and the variation around the
mean cannot be determined from published reports.

The origins of the SNCT lie in the Southampton University Hospital NHS Trust (SUHT; now University
Hospital Southampton NHS Trust) acuity and dependency measurement tool.90 For the SUHT tool,
Harrison90 adapted critical care acuity levels 0, 1, 2 and 391,92 and added the dependency on nurses
element for application in general inpatient wards. Level 1 was subdivided into levels 1a (higher acuity
than level 0) and 1b (higher dependency than level 0). The SUHT tool consists of the definitions of the
levels, the detailed inclusion criteria for each level (e.g. medical conditions and admission types) and
the dependencies associated with each level (e.g. specific care requirements and frequencies).

The SUHT tool suggested nurse staffing requirements, in WTEs per bed, for some of the acuity/
dependency levels. Level 0 patients are those who need ‘normal’ levels of staffing; benchmark figures
of 0.9 and 0.98 WTEs per bed were quoted based on the median in an Audit Commission database
of ward staffing in general medical and specialist surgical wards, respectively.90 Level 2 and level 3
requirements were 3.5–4.2 and 6.7 WTEs per bed, respectively, as then recommended by the Intensive
Care Society.93 It was left as future work to settle on appropriate WTEs per bed for the other levels.90
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These WTE per bed measures are known as multipliers because, when multiplied by the expected
number of patients at each level, they enable the calculation of the total staffing establishment for
a ward. Although the absence of suggested multipliers for level 1a and 1b patients means that no
specific recommendation was offered for setting a total ward establishment, the use of WTE per bed
(rather than patient) figures is notable in so far as bed occupancy may be < 100% and the variable
patient load introduces an additional source of variation when determining how best to match staffing
to variable need.

The SUHT tool became the basis for the University Trust Nurse Executive Forum Patient Care
Portfolio Project, later renamed and launched as the Association of UK University Hospitals (AUKUH)
Patient Care Portfolio in 2007.94 Both descriptions and multipliers associated with each level of care
were revised from the original SUHT tool; the multipliers for each level of patients were professionally
agreed before being replaced by multipliers derived from observations of care contained in the Leeds
University Acuity-Quality (LUA-Q) database of quality-assured wards (Table 4).71,94

The tool was adopted by the NHS Institute for Improvement and Innovation and became known as the
SNCT before control passed back to AUKUH, now renamed the Shelford Group, when the Institute was
disbanded. In 2012 and 2013, the multipliers were updated, again using estimates derived from the LUA-Q
database.19 At this stage, multipliers for acute assessment units were also published and a children and
young people’s version published (Ann Casey, NHS Improvement, 2019, personal communication).
Although the basic descriptors of the levels of care were largely unaltered (compare Report Supplementary
Material 2, Table 86, with pages 5 and 6 of the SNCT guidance19), the elaboration and illustrative examples
that accompanied them were extensively revised, informed by the revised Comprehensive Critical Care
definitions, published in 2009 (Ann Casey, personal communication).19

TABLE 4 Evolution of SUHT multipliers (WTE per bed) to AUKUH and SNCT levels and multipliers

Level of care SUHT tool
AUKUH
original AUKUH SNCT (general)

SNCT (acute
admissions units)

Level 0 0.9 for general
medical and 0.98
for specialist
surgical*

0.9 0.79 0.99 1.27

Level 1a Unspecified 1.2 1.7 1.39 1.66

Level 1b Unspecified 1.5 1.86 1.72 2.08

Level 2 3.5–4.2** 3.7 2.44 1.97 2.26

Level 3 6.7** 6.5 6.51 5.96 5.96

Source of
multipliers

*Benchmarks based
on median for non-
London teaching
hospital trusts in an
Audit Commission
database of ward
staffing90

**Intensive
Care Society
recommendation93

Professionally
agreed

Dual scoring used
to convert LUA-Q
multipliers into
AUKUH multipliers.
LUA-Q multipliers
calculated from
data for quality-
assured wards

In October 2012,
dual scoring used
to convert LUA-Q
multipliers into
SNCT multipliers.
LUA-Q multipliers
calculated from
data for quality-
assured wards

In 2013, dual
scoring used to
convert LUA-Q
multipliers into
SNCT multipliers.
LUA-Q multipliers
calculated from
data for quality-
assured acute
admissions units

Reference Harrison90 Hurst et al.71 Hurst,58 AUKUH94 The Shelford
Group19

The Shelford
Group19
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In 2014, following the publication of its guidance for safe staffing in adult inpatient wards,11 NICE
endorsed the SNCT as a tool for setting nurse staffing levels on adult inpatient wards in the NHS,
when used together with the NICE guideline.21

The most recent multipliers, and any future versions, are subject to licensing restrictions for research
and development users, but NHS users can access them free and a new training scheme for nurses is
being piloted.95

Deriving multipliers from the Leeds University Acuity-Quality database
The multipliers used to determine the required staffing in recent versions of the SNCT are based on
empirical observations of patient care derived from the LUA-Q database containing information from
about 2800 wards to date [Keith Hurst, 2018, personal communication]. Only wards that achieve at least
a 70% quality score, deemed as representing ‘best practice’, were used in the SNCT multiplier calculations.
The quality score is multidimensional, using 135 quality standards based on an updated version the
Monitor Tool96 (Keith Hurst, 2018, personal communication), and is assessed by non-participant
observers.97 Independent observers carry out a work-sampling survey on each ward, whereby they
record what each member of ward staff is doing at 10-minute intervals for two 24-hour periods.
These data are used to make estimates of the time required to care for patients in each of four
dependency categories.97

To derive timings to be associated with the SNCT acuity dependency system (with its five acuity/
dependency categories), a dual scoring exercise was undertaken.20,71,97,98 The sample size for the dual
scoring in 2012 was 40,000 patient episodes and 1600 acute admission unit patient episodes in 2013.19

Rather than directly assessing time for each SNCT category, the LUA-Q multipliers are converted into
SNCT multipliers. For each SNCT level, the proportion of patients with each LUA-Q level (across dual-
scored patients) is calculated.71,98 The average direct care time per patient hour for each SNCT level
is obtained by weighting the average direct care times for each LUA-Q level. Although the size of the
LUA-Q database and the dual scoring exercise suggests that the underlying mean care estimates are
likely to be precise, the extent of variation at a patient level is not documented.

Using the Safer Nursing Care Tool to calculate the required staffing establishment
The ‘time per patient’ category is converted to ‘multipliers’ to obtain WTEs by, first, adding in average
time spent on tasks other than direct care, including paid breaks; second, scaling by hours of the
working week; and, third, adding a 22% ‘uplift’ to allow for sickness absence, study leave, annual leave
and other leave.19,20,98 The multiplier represents the number of WTE staff to employ to have enough
staff available to provide the nursing care time observed in the quality-assured wards for one patient
in a given category 24 hours per day over a whole year. Although not clearly documented, there is a
deduction of 9.7% ‘ready-for-action time’ in the spreadsheet supplied to users of the tool,19,99 which may
be problematic as this removes the slack/buffer for busy times from the system.

Thus, the multiplier is arrived at from an estimated direct care time, with additional allowance for
unobserved indirect care and other activities but a reduction of (presumably) unproductive ‘ready-
for-action time’, before adding on an additional uplift because employees are not available to provide
care on every day for which they are paid.

The published guidance recommends that the data used to calculate the establishment for each ward
be obtained from counts of patients per SNCT category once per day at 3 p.m. for at least 20 days
Monday–Friday in January and June.19,56,71 The average counts are multiplied by their multipliers and
summed to obtain the recommended establishment. Although there is evidence to show some variation
over time in the calculated staffing requirement,20,100 providing a rationale for periodic reassessment, the
precision of estimates obtained by measuring over 20 days is not clear. No distributions are reported.
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The documentation of the tool is largely silent on issues of skill mix and daily deployment; it describes
these as a matter of professional judgement, although some guidance is provided in the spreadsheet
supplied to users along with the resource pack. Skill mix can be specified by the user, with the default
value in the spreadsheet being a 68 : 32 registered nurse-to-support worker ratio. The spreadsheet
model also provides a default for the distribution of staff over 8- or 12-hour shifts.99

Reliability and validity
Overall, there has been remarkably little evaluation of the tool’s use and we found few studies that
had been conducted entirely independently of the team that developed the tool.

One account claims to report inter-rater reliability, giving a high Cronbach’s alpha (0.99). However, as
Cronbach’s alpha is a measure of internal consistency, it is not entirely clear what was rated. It appears
from the report that this statistic may refer to the correspondence between SNCT ratings and LUA-Q
ratings for just one patient observed by 30 students.20,71 In any case, it is limited and ambiguous
evidence of reliability.

Data collection for the LUA-Q database is ongoing, and the multipliers are updated over time to reflect
changes (e.g. owing to shorter patient stays and new staff roles19). In the original reports of the tool’s
development, the procedure for using the LUA-Q database and associated timings as the source was
justified by demonstrating statistically significant correlations between SNCT-rated acuity/dependency
categories and activity of daily living ratings and subcategories in the Leeds database.20,71,98 The
reported Spearman’s correlations range from 0.55 to 0.73, with a correlation of 0.77 between the total
scores.98 However, it appears that these correlations may be between the ranked categories as
opposed to the associated timed care, so all that this shows is that as the SNCT level increases so
does the LUA-Q level and, in any case, even such high correlations suggest a substantial lack of fit.
The coefficient of determination (R2) for the correlation between total scores is 0.59 (0.77). The
coefficient of determination indicates the proportion of variation that is explained by the correlation –

in this case, more than 40% of the variation is unexplained. So, despite the strong correlation, the
correspondence between the two scores is quite loose.

We found no evidence establishing the costs or consequences of using the tool. One small-scale study
provided a plot of adverse outcomes (measured by nurse-sensitive indicators) against staffing shortfall
relative to the establishment (calculated using one of the tool’s precursors), but no measure of association is
provided and visual inspection gives no obvious pattern.100 Our own study of 138,000 patients in 32 wards
in one NHS hospital over 3 years found that low registered nurse staffing relative to an establishment
determined using the SNCTwas associated with increased mortality. Over the first 5 days of hospital stay,
each day a patient experienced lower than the planned registered nurse staffing level was associated with a
9% increase in the hazard of death. Furthermore, when nursing support worker staffing varied from the
mean (which approximated to the planned establishment) in either direction, mortality was also increased.6,9

By contrast, registered nurse staffing levels had a linear relationship with mortality.6,9

Summary of evidence on the Safer Nursing Care Tool
We found very limited evidence about the SNCT, with most accounts focusing on its development and
validation of the multipliers against another measure. Although staffing at the levels recommended by
the SNCT is correlated with the staffing on wards that deliver quality care, we found no direct evidence
that employing the SNCT-recommended establishment is associated with staffing that matches needs.
Although staffing lower than levels planned using the SNCTwas associated with increased risk of death,
this does not establish the SNCT staffing level as ‘correct’. The non-linear relationship between support
worker staffing and mortality does indicate that the level arrived at by the single site may well be
‘optimal’, but the SNCT leaves the determination of skill mix to professional judgement. Similar to the
conclusions above about the RAFAELA system, there is no evidence that the registered nurse staffing
level is optimal.

DOI: 10.3310/hsdr08160 Health Services and Delivery Research 2020 Vol. 8 No. 16

© Queen’s Printer and Controller of HMSO 2020. This work was produced by Griffiths et al. under the terms of a commissioning contract issued by the Secretary of State
for Health and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in
professional journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial
reproduction should be addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House,
University of Southampton Science Park, Southampton SO16 7NS, UK.

19



The removal of ‘ready-for-action time’ in arriving at the establishments associated with SNCT
multipliers (outlined above) suggests that best-practice wards that provide data are staffed at higher
levels than those recommended, as the ‘ready-for-action time’ is removed during the calculation of
establishment. Because nursing work requests do not occur at a constant rate, having enough staff to
deal with any urgent tasks in a timely manner means that there may be other times when some staff
are legitimately unoccupied or could engage in what might be described as ‘discretionary’ work or
work that is less time-critical. Examples of such work might include educating other members of staff
and some aspects of patient support, counselling and relational care, which have been shown to be
most often reported as ‘missed’ in the face of higher workloads, suggesting that this work is afforded a
lower priority when workload in general is higher.5

Furthermore, although the tool provides a method for estimating the number of employees required to
provide the hours identified by observations, managers cannot distribute these hours as a continuous
variable and instead have to employ and deploy whole people for whole shifts or reasonable fractions
thereof. For example, a small ward with a mean of eight patients at level 0, four at level 1a and two at level
1b has an estimated establishment of 17.2 WTEs and a daily staffing requirement of 4.3 registered nurses
for a 12-hour day shift.99 It is unlikely that sensible working patterns and employment could arrive at a
perfect fit under all circumstances every day. One strategy, namely rounding down to the nearest whole
number of registered nurses, would leave the ward nearly 10% short of the predicted need.

Although authors emphasise the importance of ensuring reliable determination of the SNCT categories,
the published data that suggest that reliability can be achieved are scant.

Literature review conclusions

The literature on staffing methodologies is vast and growing, suggesting continued interest. However,
the conclusion of previous reviews that there is no substantial evidence on which to base staffing
decisions or the selection of a decision support tool remains true. Despite the lack of evidence, it seems
clear that an appetite for formal systems and tools exists. Although professional judgement remains the
nearest to a gold standard, the desire to use a tool or another formal system to support, and indeed
justify, such a judgement has remained a constant theme that can be traced back to Telford’s work in the
1970s in the UK,38 and no doubt further. The lack of evidence for existing tools seems to have propelled
each generation (and, indeed, in some cases, each service) to develop a new tool. On the other hand, the
widespread adoption of the SNCT in the UK might be indicative of a perceived validity, although NICE’s
endorsement of it as an ‘evidence-based tool’ and the marketing efforts of e-roster companies that have
embedded it may also explain its widespread uptake.

Although the time estimates for the SNCT appear to come from a large database, this is not well
documented. However, in the face of rapidly changing care needs, it is not clear how long even such
relatively extensive observation can be relied on, although the multipliers continue to be updated. Even
if average nurse staffing requirements are accurately estimated, the costs and consequences of using
the tool to base daily staffing on an average are unknown. Alternative approaches to setting required
staffing levels using the tool’s measurement have not been explored.

Rather than continually invent new tools, it seems to be time to take a closer look at those already
in use. Controlled trials may be problematic, but there are sufficient unanswered questions that much
progress can be made before determining whether or not such a trial is strictly necessary. There is
little evidence about many of the assumptions underlying the use of tools in general and, specifically
for the UK, the SNCT. Questions about the extent to which the tool truly identifies a level of staffing
sufficient to meet the needs of a ward of patients are unanswered, as are questions about the number
of observations required to obtain an accurate baseline to estimate average need, or the costs and
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benefits of staffing according to the tool’s recommendations. The apparently simple assumption that
staffing to meet average need is the optimal response to varying demand is also untested.

Aims and objectives of the present study
In the present study, undertaken on acute medical/surgical wards in four English NHS hospitals, we aim
to assess a range of options for using the SNCT and to model the costs and consequences of various
ward staffing policies based on acuity/dependency derived from the tool. Our study sets out to tackle
several key knowledge gaps about the SNCT, and the use of staffing tools in general, to help local
managers and decision-makers to more consistently achieve safe nurse staffing.

We will:

l determine the required nursing establishment (daily staff equivalent) as measured by the tool using
the recommended approach (based on the average acuity/dependency of every patient on the ward
over a minimum of 20 days)

l explore the variation in acuity/dependency of the patients as measured by the tool from day to day
and within days

l assess the number of observations required to determine a reliable baseline
l determine how current staffing on the wards matches the staffing requirements measured by

the tool
l assess whether or not a mismatch between the staffing requirements measured by the tool and the

staff available is associated with nurse perceptions of staffing adequacy as a ‘gold standard’ criterion
l explore the influence of non-patient factors such as the admission/discharge rate
l develop computer-based mathematical simulation models to explore scenarios with different

approaches to using the tool and flexible staffing policies
l model the costs and consequences of alternative staffing policies using different baseline staffing

levels, considering opportunities to deploy staff from ‘overstaffed’ wards to ‘understaffed’ wards, the
costs of bank/agency staff required to fill critical staffing deficits, the relative efficiencies of different
staffing groups to meet patient need and the potential adverse outcomes associated with
understaffing.

We focus on the SNCT because it is endorsed by NICE and appears to be the most widely used tool in
England. However, the lessons learned from this study would have implications for the use of any
similar tool and flexible staffing policies based on assessments made using them.

Chapter summary

l Reviews published up to 2014 concluded that there was insufficient evidence to establish the
reliability, validity or fitness for purpose of any of the many tools that are described.

l Most studies were conducted on a small scale and reported local implementations.
l There is no evidence of the costs or effectiveness of using any tool.
l Our focused review of more recent literature confirmed this picture.
l Recent studies report the development of new tools but do little to establish ‘reliability’.
l There is some evidence that high workload as measured by some tools is associated with

increased mortality.
l The published evidence does not, however, give any clear evidence that tools are identifying ‘safe’ or

‘optimal’ staffing levels.
l Professional judgement remains a key criterion against which staffing levels determined by tools

are judged and, in some cases, forms the basis for setting the required staffing against the
tool’s measure.

l We found evidence that there may be considerable variation underlying the measures determined
using tools.
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l We found evidence that setting staffing levels based on average demand could lead to understaffing
for > 50% of the time.

l The clinical significance of such understaffing is unclear, but a ‘tolerance’ level of 15% is suggested
in the literature.

l Our focused search for literature relating to the SNCT, a measure endorsed by NICE, confirmed
that there is limited evidence about the tool.

l We found no published evidence on daily variation and the reliability of staffing estimates derived
from the tool.

l We found some evidence that suggested that low staffing, relative to the tool’s recommended
establishment, was associated with increased mortality.

l We found no evidence that nurses working on wards judged the staffing levels determined using
the tool to be sufficient.
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Chapter 3 Methods

This is an observational study using linked routinely collected data from acute medical/surgical
wards in four NHS hospital trusts. First, we used these data to assess the reliability and validity

of the SNCT and its recommended use. To do this, we determined the association between staffing
‘shortfalls’ identified by the SNCT and nurse-reported assessments of staffing adequacy, and calculated
the sample size needed for a stable estimate of the mean staffing requirement, and the variation in
estimated staffing requirements within a day and between days of the week.

Second, we developed an in-depth simulation model that accounts for variability in patient acuity/
dependency, patient numbers, and registered nurse and nursing support worker availability. We
populated the simulation with patient, roster and cost data from each hospital trust, allowing us to
compare alternative staffing scenarios using the SNCT to set total nursing establishments (registered
nurses and nursing support workers).

Third, we estimated the cost per life saved for the alternative staffing scenarios using simulation
experiment results, patient length of stay estimates and mortality coefficients from regression analyses
derived from a recent longitudinal observational study9 measuring the effects of patient exposure to
low staffing on general wards in one NHS hospital.

Setting

The study was undertaken using data from somatic acute adult care wards (excluding intensive care
units) in one university hospital, two district general hospitals and one specialist cancer hospital trust
based in London, south-east England and south-west England, with five hospital sites in total. The
hospitals serve diverse populations, including those living in rural areas, deprived inner-city populations
and specialist national referrals.

All four hospital trusts undertook regular periodic reviews of nurse staffing levels broadly in line with
the approach recommended by NICE,11 with reviews undertaken two or three times per year. Two trusts
had been using the SNCT as part of the process for some time and one had adopted it shortly before the
study commenced, having not used a formal tool as part of the process previously. The other hospital
trust had previously used the ‘patient requirements for nursing care’ tool, a multidimensional indicator-
based system developed in Canada,101 but likewise had adopted the SNCT shortly before the study
commenced. Three of the four trusts adopted a commercial system for daily reporting patient acuity
dependency using the SNCT categories shortly before or during the study, with the fourth implementing
a locally developed solution, initially with the primary intention of collecting data for the current study.

Over the course of a full year (2017), for each ward and for each day we sought to identify the staffing
level actually deployed, the staffing level required as estimated using the SNCT, and nurses’ professional
judgement about the adequacy of staffing.

Ward inclusion and exclusion criteria
The inclusion criteria for the study were:

l ward provides 24-hour inpatient care for 7 days per week
l adult somatic health population [i.e. medical or surgical (including oncology, cardiovascular, urology,

neurosciences, emergency care, renal and transplant and medical assessment units)]
l appropriate for SNCT according to the SNCT resource pack.19
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We excluded wards that provide highly specialised services and those that are clearly outside the
scope of the SNCT (e.g. paediatrics, intensive care, maternity, neonatal and palliative), and any
others with highly atypical staffing requirements (as determined by the local chief investigator, with
documented reason). Across the four hospital trusts, our study included 81 adult medical/surgical
wards with 2178 beds. This represents 74% of all beds across the four trusts.102

Data sources

To address our aims, we need data on daily variation in staffing requirements as estimated by the SNCT,
patient numbers, other ward factors that could affect workload, actual staffing, nurses’ judgements of the
adequacy of that staffing and staff costs. The connections between the data requirements and the broad
study aims (‘why needed’), as well as the data sources, are shown in Table 5.

For data field specifications for the hospital systems (patient administration systems, rosters and
Bedview/SafeCare), see Appendix 1, Tables 28–30.

Patient administration systems
Patient administration systems contain records of patient ward stays, including times of admissions,
transfers and discharges. These data are recorded primarily for administrative purposes. We used these
data to estimate the numbers of patients on each ward, and the numbers of admissions and discharges.

TABLE 5 Data requirements linked to study aims and data sources

Data Measures Why needed Data sources

Actual staffing Total/registered nurse/nursing
support worker care hours per
(patient) day, skill mix and
distribution of staff over day

Validating the SNCT,
simulation

Rosters, patient administration
systems

Estimated staffing
requirements

Total/registered nurse/nursing
support worker care hours per
(patient) day, total/registered
nurse/nursing support worker
WTEs (per patient)

Assessing reliability
and validity of the
SNCT, simulation

Bedview® (CareView
Communications Inc., Lewisville,
TX, USA)/SafeCare® (Allocate
Software, London, UK) software
(for SNCT patient ratings and
specialed patients’ reports),
patient administration systems

Deviation between
estimated requirement
and actual staffing

Apparent shortfall in HPPD,
comparing required (estimated
from SNCT) and worked hours

Validating the SNCT Rosters, patient administration
systems, Bedview/SafeCare
software (for SNCT patient
ratings and specialed patients’
reports)

Nurse-reported
staffing adequacy

Shift leader reports that they
had enough staff for quality
care, nursing care left undone,
staff breaks missed and
reported total staffing
requirement

Validating the SNCT Bedview/SafeCare software
(for staffing adequacy questions)

Other ward factors
that could affect
workload

Proportion single rooms,
patient turnover, ward type

Validating the SNCT Patient administration systems,
ward profiles

Staffing costs Unit costs for substantive/
agency/bank registered nurses
and nursing support workers

Cost-effectiveness
analyses

Unit Costs of Health and Social
Care103
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These data are widely used and are likely to be valid at least at the day level. Although the times
recorded may not be exactly accurate (as this is not needed for the original purpose), there is very
little difference in the quantities derived from the variety of approaches to estimating daily patient
load on wards, so any error and bias are likely to be small.62

Rosters
All hospital trusts used electronic rostering systems. Hospitals collect these data mainly to facilitate
rostering (assigning staff to shifts) and for financial purposes (including payroll). We used these data
to identify the shifts worked by nursing staff, including their grades and whether the staff were
substantive, bank or agency.

Because these data are used for payroll, they are subject to validation internally and thus are assumed
to be accurate, although they may not reflect last-minute changes to work locations where a staff
member has been moved to a different ward. Although we are led to believe that recording of such
re-deployment was undertaken routinely in at least three of the four hospital trusts, we have no
mechanism for validating this. At a ward level this can introduce error in the estimation of current
staffing because the number of actual staff present might be greater or smaller than that recorded.
Systematic bias can also be introduced at a ward level if particular wards are more likely to be staff
donors than recipients (or vice versa). However, at a hospital level such biases would cancel out, leaving
only a residual degree of error, which would be accounted for in the statistical models. For details of
how we processed these data, extracting worked shifts and identifying worked hours, see Appendix 1.

Bedview and SafeCare
Developments in three of the hospital trusts independent of the study led them to implement daily
collection of the SNCT for all patients using SafeCare, a commercial staffing system, shortly before the
study commenced. We worked with the fourth trust to implement daily assessments of SNCT ratings
for all patients on the local bed and discharge management system (Bedview). These systems are the
sources of the SNCT ratings, specialed patients’ reports and nurse-reported staffing adequacy.

The SNCT ratings data consist of the numbers of patients in each acuity/dependency level (category).
The SNCT ratings are collected routinely by ward shift leaders. Ward staff were given training in the use
of the SNCT by senior staff in each hospital trust. As part of our pilot work in one trust, we determined
that the SNCT could be completed with a high degree of inter-rater reliability between an expert and
15 trained shift leaders working across 14 wards. In total, 847 patients were rated independently
by two raters across 81 shifts. At the patient level, there was 89% agreement on ratings (kappa 0.71:
moderate agreement). At the shift level, based on the calculation of total staffing scores using the
multipliers (which gives an estimated establishment WTE), there was an exact agreement on 65% of
occasions and agreement within ±5% of the joint mean on 95% of occasions and a mean difference
of ±1.9% in the estimated establishment.

Although the extensive nature of the study made it difficult to ensure that this level of reliability was
achieved for every shift leader on every ward in each hospital trust, the circumstances of our study
resemble routine use of the system in the ‘real world’ when, as is now becoming common, assessments
are completed daily by shift leaders.

Because SafeCare requires only numbers of patients in each category (as opposed to tracking scores
for individual patients), there is the possibility of inadvertent under- or over-reporting of the number
of patients. The 7 a.m. patient count derived from patient administration systems was greater than the
SNCT morning count by just over one patient per ward (unweighted hospital trust average), suggesting
an under-reporting of patients on average. To correct for this, we used the total numbers of patients
present on the ward derived from patient administration systems, and used the SNCT ratings solely for
the proportions of patients in each level.
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As well as core/standard nursing care, some patients, for example those at risk of falls and those with
mental health problems, receive constant one-to-one care, generally called ‘specialing’ or ‘enhanced
observations’.104 Patients’ need for specialing is not directly accounted for in the standard SNCT and so
this is an additional staffing requirement. In all cases, the systems used by the four hospital trusts
recorded the number of patients requiring one-to-one specialing, either through creating a separate
category to be reported alongside the SNCT ratings or as an additional report. Appendix 1 provides
further details of how specials were recorded.

The SNCT guidance recommends collecting data at 3 p.m.19 However, to maximise compliance and
minimise the burden of additional work, we did not ask hospital trusts to change the times at which
they routinely collect SNCT data. The SNCT ratings and answers to staffing adequacy questions were
collected up to four times per day. All wards collected them in the morning and evening. We used the
morning report as the primary data collection point. We explored the implications of the time of day
the assessments are undertaken by comparing estimated establishments using data from these multiple
assessments within each day.

Ward profiles
We obtained profiles of all wards, including the directorate, total beds, number of single rooms,
planned registered nurses and nursing support worker staffing levels by shift, and a brief description of
the patient population and/or specialty. Any changes to the wards taking place during the study period
(e.g. changes in planned staffing levels, numbers of beds or types of patients) were recorded, together
with the effective date. The data were factual and objective and so likely to be valid, although the
dates of ward changes were, on occasion, difficult to establish with precision. Therefore, we cross-
referenced the dates provided with patterns in the roster and patient administration system data.

National reference costs
The Unit Costs of Health and Social Care 2017103 report provides the hourly costs for staff at different
bands. These data were originally produced for general research and policy questions, and include
details of the assumptions made so that costs can be tailored appropriately. This document provides
the best available estimate for costs of NHS registered nurses and nursing support workers across the
UK. We used the national average (reference) cost for a non-elective bed-day105 to estimate the costs
associated with any changes in length of stay, which is likely to be conservative assumption as it
assumes that there are no specific treatment costs associated with extended stay. Costs for agency
staff at each Agenda for Change band were derived from the NHS Improvement agency cap, specified
in the Agency Rules106 guidance applicable to the study period.

Variables

Staffing levels
Our analyses consider ‘days’ from 7 a.m. to 7 a.m. on the next day with staffing distributed across
6-hour ‘shifts’ from 7 a.m. to 1 p.m. (‘morning’), from 1 p.m. to 7 p.m. (‘afternoon’), from 7 p.m. to 1 a.m.
(‘evening’) and from 1 a.m. to 7 a.m. (‘night’). These 6-hour shifts successfully approximate major
staffing changes and account for varying shift patterns and the mix of two- and three- shift systems in
use across the hospitals.6 We converted the individual staff shifts into aggregated hours per ward and
6-hour shift. Because we do not know when rest breaks were taken, we pro-rated breaks over the
relevant 6-hour shifts. This allowed us to calculate the worked hours for each ward over each 24-hour
period and 6-hour shift. We identified the hours worked by registered nurses (band 5 and above) and
nursing support workers (bands 1 to 4) and also the hours worked by temporary bank and agency staff
for each shift and each day.

We calculated patient-days, equivalent to one patient occupying one bed for 24 hours from 7 a.m. to
7 a.m. or two patients each occupying a bed for 12 hours during this time, and so on. We calculated
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individual patient hours using admission/transfer in and discharge/transfer out times from patient
administration systems and summed them for each time period, dividing by 24 to give patient-days.

For each day, we used these data to derive care HPPD from the sum of hours worked divided by the
sum of patient-days. In this way, we calculated registered nurse, nursing support worker and total care
HPPD, as well as the equivalent measures for each shift.

Estimated staffing requirements
The SNCT categorises patients by their acuity/dependency level, and its multipliers are used to identify
the WTE staff who would need to be employed to provide care to a given mix of patients. In our study,
we also converted these WTE staff into the hours of staff time required on particular shifts and days.
Throughout, we used the latest published multipliers;19 these are different for general wards and acute
assessment units.

For each ward and day, we first calculated the establishment (including both registered nurses and nursing
support workers) in WTEs.We determined the proportions of patients in each acuity/dependency level
at the first recorded census, and the total patient count at 7 a.m. from the patient administration system.
We then used the SNCT ratings and multipliers to calculate the weighted-average acuity/dependency
multiplier per ward and day and multiplied this by the patient count (see Appendix 1, Equation 3). The
weighted-average acuity/dependency multiplier can be interpreted as the daily average need of patients
on a ward, measured in units of WTE staff member per patient.We considered a set of SNCT ratings
‘missing’ if no patients were recorded in any levels. If some patients were recorded, we assumed that any
empty levels meant no patients in that category.When estimating the staffing requirements per 6-hour
shift, we used the proportions of patients in each acuity/dependency level at the beginning of the shift
(or the end of the shift if this was missing) and the number of patients present on the ward at the start of
the 6-hour shift.

We converted WTE derived from the multipliers to daily hours, assuming a 37.5-hour week for 1 WTE.
Because the SNCT multipliers account for the need to employ additional staff to cover annual leave and
other absences from the ward (including sickness and staff training), the 22% ‘uplift’ must be removed
when determining the hours that are needed to deliver patient care on the day (see Appendix 1,
Equation 5).

Because the SNCT recommends using professional judgement to set the skill mix,19 we used the
average observed daily skill mix per ward as a proxy for the planned skill mix. We estimated the
registered nurse and the nursing support worker requirements (in hours per day) by applying this
average observed skill mix for each ward to the total daily staffing requirements. As it is recognised
that staffing requirements differ by time of day (leading to, for example, different staffing levels to care
for the same patients during the day and at night), the SNCT guidance recommends using professional
judgement to adjust staffing levels accordingly.19 Therefore, analogous to our approach for skill mix, we
used the average observed distribution of staff during a 24-hour period in each ward as a proxy for the
planned distribution of staff. The total staffing requirement per shift was divided between registered
nurses and nursing support workers using the average observed skill mix per ward for that shift
(morning, afternoon, evening or night).

As the staffing deployed includes provision of specialing in addition to each patient’s care requirements
according to the SNCT, we added this on as an extra level with the multiplier 5.47, equivalent to 24
HPPD for each patient who required ‘specialing’, that is one-to-one care (see Appendix 1, Equation 7).
Where wards specialed patients in a cohort, we used four patients (the maximum permitted by the
hospital trust’s policy) as an upper limit to calculate the number of specialed cohorts per ward and
applied the same multiplier as for one-to-one specials to each cohort. We calculated the daily staffing
requirements including these additional provisions for specialing.
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In the same way as for actual staffing levels, we converted the estimated total care requirement in
hours per day into HPPD using the actual time patients spent on the ward during that day or 6-hour
shift (see Appendix 1, Equation 6). For reference, Table 31 (see Appendix 1) shows each multiplier with
its corresponding staffing requirement in HPPD when patients are present on the ward for the full
24 hours.

The SNCT documentation recommends twice-yearly assessment with a sample of 20 weekdays in both
June and January as the basis of the establishment review. We averaged 20 weekdays in June (or the
next month if unavailable) to provide a base estimate of the establishment for use in the simulation
models (see Appendix 1, Equation 4). Where wards had no data in the second half of the year, we used
data from January and applied the average percentage increase/decrease from January for other wards
at that hospital to obtain the base estimate.

Deviation between estimated requirement and actual staffing
Based on the above, for each day we were able to determine an estimate of the staffing requirement
based on the SNCT and the nursing hours per patient actually deployed on the ward, both in HPPD.
We then calculated the difference between the two (estimated requirement minus actual staffing).
We also calculated the percentage difference, which recognises that the same apparent shortfall may be
less problematic on a ward with higher overall workload.We consider shifts/days to be understaffed if
their worked hours are more than 15% under the estimated staffing requirement in order to allow a buffer
around the requirement, as is also done in the RAFAELA tool.47

Nurse-reported staffing adequacy
Professional judgement remains a leading alternative approach to determining nurse staffing
requirements20,75 and is seen as an essential adjunct to measurement systems, as recognised by NICE.11

To determine professional judgements, we measured nurses’ perceptions of staffing adequacy using a
microsurvey. The nurse in charge answered this survey at the same time as providing the SNCT ratings,
directly inputting responses into the same system.

Two items were based on the RN4CAST survey (‘enough staff for quality’107,108 and ‘nursing care left
undone’13). Both of these measures have been validated by relationships with patient care outcomes.109–111

For example, nurse reports of missed care using the RN4CAST approach are associated with increased
mortality.31 Because nurses may prioritise completing care activities over taking personal breaks, creating
additional staff time that may mitigate other effects from staffing shortfalls in the short term,112 we also
asked about staff missing breaks. Finally, we asked staff to estimate the total numbers of registered
nurses and nursing support workers needed.

Prior to implementation, we met with a group of staff consisting of eight matrons/ward sisters/charge
nurses and an information technology (IT) systems expert at hospital trust A during July 2016 to
discuss the proposed staffing adequacy questions and their implementation. We discussed the
questions to ensure that interpretation was consistent across the group. In particular, we found a
shared understanding of the concepts of ‘quality’ and ‘safety’, and tasks considered under ‘care left
undone’ aligned with the goals of the study. Staff agreed that questions were the right ones to ask to
check professional judgement about whether or not staffing is right/enough.

The questions were embedded in the electronic systems used to report SNCT ratings. Owing to system
constraints in three of the four hospital trusts, nurses were presented with abbreviated versions of the
questions with a laminated card to indicate the full question, as shown in Table 6. We undertook cognitive
testing of both the full and the abbreviated questions with a group of ward staff and managers at one
hospital trust before implementing the questions for a pilot period. Staff suggested minor changes to our
originally proposed wording but seemed to understand the questions as intended.
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Other variables

Ward type
We classified wards as medical, surgical or mixed medical/surgical based on the ward descriptions and
directorates provided in the ward profiles by our hospital trust partners and supplemented by research
on hospital trust websites.

Proportion of single rooms
Ward layout is not accounted for in the SNCT but is thought to affect workload.58 The proportion of
single rooms is derived from the number of single rooms divided by the total beds, both of which were
provided in ward profiles by our hospital trust partners. Because of the potential variety and lack of
standardised descriptions, we did not attempt to consider other aspects of ward layout.

Patient turnover
The SNCT recommends taking patient turnover (throughput) into account when setting the ward
establishment, although the mechanism for this is not built into the tool.19 High patient turnover per
nurse has been shown to be associated with negative patient outcomes, suggesting that it may
significantly affect workload.9 We calculated the turnover for each period (day or 6-hour shift) in terms
of the patients arriving and leaving per worked hour. Specifically, we summed the numbers of patients
entering and leaving wards (admissions, transfers in, discharges and transfers out) during that period
and divided this by the total care hours provided during that period.

Staff costs
Hourly employment costs for substantive staff at each Agenda for Change band were estimated
using the mean costs for each band reported in the Unit Costs of Health and Social Care 2017103 (see
Appendix 1, Table 32). Salary and additional employer costs (superannuation and National Insurance)
were included to derive a total employer cost for substantive and bank staff. Costs for agency staff at
each Agenda for Change band were estimated using the NHS Improvement Agency Rules106 guidance
applicable to the study period. Agency employment costs include the maximum 55% uplift on basic
salaries (to include agency fee, framework and other fees, in addition to employers’ National Insurance
contributions, allowances for employer pension contributions and holiday pay). The daily ward staffing
costs include allowances for working unsociable hours, in accordance with the Agenda for Change
framework, using multipliers applicable to the study period113 (see Appendix 1, Table 33).

Piloting and data collection period

We met with a group of staff consisting of eight matrons/ward sisters/charge nurses and an IT systems
expert at hospital trust A during July 2016 to discuss the proposed staffing adequacy questions and

TABLE 6 Staffing adequacy: key questions

Questions Abbreviation

Were there enough nursing staff to provide quality care on the last shift? Enough staff for quality

Was necessary nursing care left undone (missed) on the last shift because
there were too few nursing staff?

Nursing care left undone

Were staff breaks missed on the last shift because there were too few
nursing staff?

Staff breaks missed

How many RNs were needed on the last shift? Registered nurses needed

How many HCAs were needed on the last shift? Nursing support workers needed

HCA, health-care assistant; RN, registered nurse.
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their implementation. We discussed the questions to ensure that interpretation was consistent among
the group. In particular, we found a shared understanding of the concepts of ‘quality’ and ‘safety’, and
tasks considered under ‘care left undone’ aligned with the goals of the study. Staff agreed that the
questions were the right ones to ask to check professional judgement about whether or not staffing
is right/enough. At this meeting, ‘specialing’ was identified as a large consumer of nursing resource,
so we decided to include this aspect in our study. We also identified an issue with IT that affected how
questions were displayed, and started to address how to deal with them at this meeting. We shared
findings from this meeting with the other hospital trusts, including ideas about how to increase levels
of completion.

A pilot study of the staffing adequacy questions was run in November 2016 on 22 wards at hospital trust
A and 17 wards at hospital trust C. Following our analysis of response rates and correspondence between
questions, some less informative/relevant questions were dropped, although these were still asked
internally at some of the trusts.We also analysed the data from the pilot at trust C to identify patterns
in levels of completeness. The pilot study showed that the data could be collected on busy wards.

Following the pilot study, the data sets were collected for the period 1 January 2017 until
31 December 2017, with the exception of wards at hospital trust B, which began routinely recording
SNCT ratings in February 2017.

Data transfers, storage, cleaning and processing

Data extracts from hospital systems were provided by each hospital trust via a secure file transfer
service. All patient data were de-identified by pseudonymisation at source. Data were stored on secure
encrypted servers at the University of Southampton and access was restricted to the project team.

Our study involves linking multiple data sets. As wards had different names in the different data sets,
we gave them unique identifiers, allowing us to link the data sets by ward and period (deterministic
linkage). When linking data sets, we checked the number of rows before and after in case any rows
failed to link correctly.

Where there were major changes, such as ward moves, changes to the patient population or bed
numbers, data for that ward were split into parts corresponding to before and after the change. In the
reliability and validity testing, we considered each part. In the simulation modelling, we took the first
part and assumed that it was there throughout. For some wards, data were recorded separately for
their sub-wards; for a description of how we dealt with this, see Appendix 1. We identified missing
data; the procedure for dealing with missing data is explained in the relevant sections about variables
(see Variables) and methods (see Overview of analytical methods).

Data cleaning, processing and statistical analyses were carried out in R statistical software version 3.5.0
(The R Foundation for Statistical Computing, Vienna, Austria) because of its flexibility in easily repeating
analyses with different parameters. Data cleaning included checking the range of values for each relevant
data field, cross-checking data fields and standardising the data fields across the hospital trusts.We
checked for duplicate records and removed these where appropriate.

We removed days with no patients, but otherwise kept all ward occupancy data. We identified extreme
values of actual staffing and estimated staffing requirements by looking at actual staffing per patient-
day and weighted-average multipliers respectively. We used a widespread definition of outliers, namely
points outside the mean plus or minus 3 standard deviations. Actual staffing per patient may be
atypical if the ward is not functioning as normal (e.g. over the Christmas period). Estimated staffing
requirements may be unusual if there is an error in the recording of SNCT ratings. Anomalies can also
arise during periods when wards move or merge temporarily, as most staff apparently are attached to
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the original ward name and patients and some staff are attached to the current physical location.
Outliers were removed from the descriptive analyses and further modelling. As days during which
there were daylight saving time changes have 1 more or 1 fewer hour than the usual 24, we removed
these days from all analyses.

For staffing adequacy questions with yes/no answers (coded 1/0) we removed invalid answers (not 1 or 0).
We considered answers to the question ‘registered nurses needed’ potentially valid if at least 1 was
entered.We considered answers to the question ‘nursing support workers needed’ as potentially valid if
at least one staff member in total (‘registered nurses needed’ plus ‘nursing support workers needed’) was
entered. On days when it was reported that there were not enough staff for quality and more staff had
been requested than worked on the ward during the preceding 24 hours (7 a.m.–7 a.m.), we calculated the
increases in registered nurses, nursing support workers and total staff requested over the number working.

Compared with the other hospital trusts, trust D had a very low average percentage of shifts with
‘enough staff for quality’ per ward. On closer examination of the responses, we found evidence of
consistent reverse coding (using 0 to mean yes and 1 to mean no) at all trust D wards except two for
this question. We identified this issue by cross-referencing against other questions and using logical
rules. As there were two wards where reverse coding did not happen, we ruled out a software issue;
rather, this appears to be a training issue. Having highlighted this issue part way through the study,
we decided against retraining as this could have ended in a mix of correctly and reverse-coded
responses. Instead, we switched the responses (1 to 0 and 0 to 1) in all of the wards where we
identified reverse coding.

Overview of analytical methods

Descriptive analyses
When describing the staffing levels, skill mix, temporary staff use, patient counts and estimated staffing
requirements, we calculated daily measures for each ward. From these we calculated the mean daily
measure and standard deviation for each ward. We summarised these at the hospital trust level using
‘mean ward’ measures, which are the means of the ward means.

Assessing the reliability and validity of the Safer Nursing Care Tool

Variation between different samples for setting ward establishments
We considered the appropriateness of the minimum recommended sample size of the SNCT data
collection (20 days twice per year)19 by investigating the sample size needed to get a stable estimate of
the mean staffing requirement (in WTE). For this we used two alternative approaches: bootstrapping114,115

and power calculations.

For the bootstrapping approach, starting from the recommended sample size of 20, for each ward, we
took random samples of increasing size in steps of 5 up to 360 (or the size of the data set if smaller).
From each, we took 1000 bootstrap samples (samples with replacement, of same size as the original
sample). The mean of each sample represents the recommended establishment (see Appendix 1,
Equations 3 and 4) based on the different samples. Where wards had undergone substantial changes
in size or specialty, we treated them as two (or more) separate wards. This avoided sampling across
periods where the establishment required was clearly different for reasons other than periodic
fluctuations in acuity/dependency and patient numbers. For each sample size and ward, we calculated
bias-corrected and accelerated 95% bootstrap intervals for the mean, which take into account any bias
and skewness in the distribution of the bootstrapped means.115
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As an alternative approach, for each ward we calculated what sample size, N, would be required to
obtain a 95% confidence interval that is, at most, 0.5, 1 or 2 WTEs wide. We used the standard
deviation, s, of the whole data set for each ward (up to 363 data points), and applied the following
standard formula for a two-tailed hypothesis for a single group mean,116 where d is the half-width of
the confidence interval, α is 1 minus the confidence level, and Zα/2 is the inverse of the standard normal
distribution at α/2:

N =
(Zα/2)

2s2

d2
. (1)

For example, for a 95% confidence interval that is, at most, 0.5 WTEs wide (so the half-width is 0.25),
the number of observations required is given using the following formula, where s2 is the variance:

N =
(1:96)2s2

0:252
. (2)

Variation in calculated staffing requirements by time of day and day of week
We investigated the variation in estimated staffing requirements (in hours per day and, equivalently,
WTE) within a day and between days of the week. We calculated intracluster correlation coefficients
between morning and evening estimated staffing requirements to assess how well they agreed. Then
we quantified how much staffing requirements changed from the morning to the evening by calculating
the difference between the morning and the evening estimates on each day. Specifically, we were
interested in the consequences of the time of the day of SNCT assessments on both recommended
establishments and deployment decisions. We also calculated the average staffing requirements on
different days of the week to show whether or not there were patterns in the numbers of patients and
their acuity/dependency by day of the week.

Regression analyses: how does the Safer Nursing Care Tool compare with
professional judgement of staffing adequacy?
Using multilevel modelling approaches, we assessed the relationship between deviation of actual
staffing from the estimated staffing requirement (in HPPD) and nurse-reported measures of perceived
staffing adequacy: ‘enough staff for quality’, ‘nursing care left undone’ and ‘missed breaks’. We nested
the models at the ward and hospital trust levels using random intercepts.

We accounted for skill mix in our models by entering the deviation of actual registered nurse staffing and
the deviation of actual nursing support worker staffing from their respective estimated requirements.We
also fitted models using the total deviation across both staff groups, with skill mix as a separate variable.
Furthermore, we assessed whether or not including other variables aside from deviations of actual staffing
from estimated staffing requirements (Table 7) improved model fit. To assess non-linear staffing outcome
relationships, we used quadratic terms for the registered nurse and nursing support worker staffing
deviations.We investigated whether or not there were interactions between the registered nurse/nursing
support worker staffing deviations and the other variables. Any periods missing the answer to the
relevant staffing adequacy question(s), or any of the other variables, were excluded.

We fitted multilevel logistic regression models for binary outcomes using the glmer (generalised linear
mixed-effects regression) procedure from the lme4 package117 in R version 3.5.0. Its fitting method
optimises a function of the log-likelihood using penalised iteratively reweighted least squares and
evaluates the log-likelihood by the Laplace approximation. We checked the significance of variables
using p-values from asymptotic Wald tests. We compared the fit of models using the Akaike
information criterion and the Bayesian information criterion, the latter of which favours more
parsimonious models.
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Our core analyses use data aggregated to days. The day models used the first available SNCT rating
per day (morning, or, if missing, a later time) for the proportions of patients in each level, the 7 a.m.
patient count, the actual staffing and patient hours from 7 a.m. to 7 .a.m., and the staffing adequacy
recorded in the morning of the next day. We also fitted models aggregated to 6-hour shifts. The 6-hour
shift models used the SNCT rating corresponding to the start of the 6-hour shift for the proportions of
patients in each level (or, if this was missing, the end of the 6-hour shift), the patient count at the start
of the 6-hour shift, the actual staffing and patient hours for the duration of the 6-hour shift, and the
staffing adequacy recorded during the next 6-hour shift. We used the average observed distribution of
staff per ward and 6-hour period as a proxy for the required distribution of staff.

We performed the following sensitivity analyses. First, we refitted the models matching staffing
adequacy reports to staffing and ward data on the same day/shift rather than the previous day/shift.
Second, we refitted models keeping only the first section of data for any wards that were split into
pseudo-wards. Third, we refitted the models predicting ‘enough staff for quality’ without hospital trust
D’s data, the majority of which we suspected had been reverse-coded (i.e. 0 for yes and 1 for no).

Simulation modelling
The ward data collected were used as the empirical basis for an analysis of staffing policies by
simulation. Our research question is ‘How do the costs and percentage understaffed shifts compare
between scenarios that set flexible (low), standard and high ward establishments, and how do other
factors affect the results?’. We assess this using a scenario-based analysis.

We used a Monte Carlo agent-based simulation118,119 framework to model each ward in a hospital.
The simulation was developed in the multimethod simulation software AnyLogic researcher edition
version 8.3.2. (The AnyLogic Company, Quorn, UK; www.anylogic.com; accessed 15 November 2017).

TABLE 7 Predictor variables in multilevel models

Predictor Details

Registered nurse staffing deviation Deviation of actual registered nurse staffing from the estimated
registered nurse staffing requirement (in HPPD) (i.e. apparent
registered nurse shortfall)

Nursing support worker staffing deviation Deviation of actual nursing support worker staffing from the estimated
nursing support worker staffing requirement (in HPPD) (i.e. apparent
nursing support worker shortfall)

Staffing deviation Deviation of total actual staffing from the total estimated staffing
requirement (in HPPD) (i.e. apparent total shortfall)

Skill mix Actual registered nurse hours per day/total worked hours per day

Squared registered nurse staffing deviation To test for non-linear staffing effects

Squared nursing support worker staffing
deviation

As above

Squared staffing deviation As above

Ward type Dummy variable: surgical. Reference is other (medical or mixed
medical/surgical)

Proportion single rooms Proxy for ward layout

Day of the week Dummy variables: Tuesday–Sunday. Reference is Monday

Patient turnover (admissions+ transfers in + discharges + transfers out)/actual total
care hours

Shift Used in the shift-level models. Dummy variables: morning, afternoon,
evening. Reference is night
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We designed this simulation model for comparing alternative ways of using the SNCT for setting the
nursing establishment (total nursing staff employed in WTE) on inpatient wards in a hospital. A video
demonstration is available at https://eprints.soton.ac.uk/430632/.

Our simulation model consists of a hospital with a user-specified number of wards. These wards are
the ‘agents’, which move between being understaffed, adequately staffed or overstaffed (their ‘states’)
each shift, as shown in Figure 1. To understand how generalisable our conclusions might be, we
developed models based on data from each of the four hospitals, with the number of wards and other
parameters derived from each hospital.

In the simulation model for each ward and on each shift, we assume that staffing is planned according
to a recommended level, based on the SNCT. We modelled a number of scenarios using the SNCT in
different ways to determine this baseline level. In addition to the conventional approach to using the
SNCT, whereby the staffing establishment is based on the mean staffing requirement, we considered
setting baseline staffing at higher or lower levels. On any given shift, a mismatch between the planned
staffing and the staffing required could occur because of variation in patient need or because the
planned staff were not available (e.g. because of sickness/absence).

We describe the simulation model following the Strengthening the Reporting of Empirical Simulation
Studies – Agent Based Simulation (STRESS-ABS) guidelines.120 A summary is below, and for full
technical details including the model logic and assumptions see Appendix 1. In particular, for simulation
input parameters see Appendix 1, Tables 34 and 35, and for logic diagrams see Appendix 1, Figures 8–10.

Scope, assumptions and input parameters
We determined the feasibility of filling any staffing shortfalls first from re-deployment within the hospital
(wards with excess staff), second from using bank staff and third from using agency staff. We defined
triggers for the point at which more resource is needed and priority rules for which ward receives extra
resources if there are insufficient resources in total. Here, we assumed that wards with the highest
shortfall as a proportion of their total staffing requirement for that shift would be prioritised.

We used estimates from hospital trust B of the proportion of bank and agency shifts filled to model
the likelihood of filling a shift from bank/agency (see Appendix 1, Tables 36 and 37); these were not
available for the other hospital trusts. We also tested the impact of different assumptions about the
availability of temporary staff. We assessed the implications of lower efficiency for temporary staff on
wards by using varying assumptions about the relative efficiency of temporary staff (e.g. 1 agency
staff hour = 0.75 permanent staff hours). We included time of the day and day of the week patterns for
ward occupancy and for the bank and agency request fulfilment rates.

We included a factor to allow for unanticipated absences on planned shifts. For this, we assumed that
each rostered registered nurse (or support worker) had a 3% (or 4%) chance of being absent with
insufficient lead time to rearrange the roster. We also recognised that when assigning staff to shifts
there will be some rounding to deal with the mismatch between whole bodies and the staffing required.

Adequately
staffed 

OverstaffedUnderstaffed

FIGURE 1 Ward state chart.
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For each shift, we generated the number of patients in each acuity/dependency level. Because we had
no data on individual patient trajectories, time periods (6-hour shifts) in the model were treated as
independent of one another; for example, the number of patients and their acuity/dependency levels
in one period do not affect the number and levels in the next. We assume that work done or not done
in one period does not affect the staffing requirements in the next period. We also assume that
requirements in different wards are independent of one another, that is that neither the numbers
of patients nor the acuity/dependency levels of patients in different wards interact. We assume that
the actual (rather than the planned-for) needs of patients in the same acuity/dependency level vary
(see Appendix 1, Figures 11 and 12).

Running the model
The model was run to simulate data for a period of 1 year for each hospital and for each comparative
analysis, because hospital finances are typically planned over 1 year. We ran the model 10 times (i.e.
for 10 independent years) for each scenario and calculated 95% confidence intervals around the mean
to assess the error around the estimate. We chose this number of replications because it gave 95%
confidence intervals that were narrow enough for our purposes (for the base scenario, widths were
< £0.25 cost per patient-day at each hospital trust and < 0.7% understaffed patient shifts at all trusts).
We also calculated the ranges to assess the variability of results in different years.121

Outputs
The key performance measures that we used to compare scenarios were the percentage of patient
shifts that are understaffed and the cost per patient-day. We considered shifts to be ‘understaffed’ if
the total effective staffing (i.e. accounting for the lower efficiencies of temporary and re-deployed
staff) was < 85% of the estimated requirement according to the SNCT for the shift. This allowed a
buffer of 15% either side of the estimated requirement within which staffing is considered adequate,
as is also used in the RAFAELA tool.47 We looked at other outputs for some sets of scenarios, where
relevant (see Appendix 1, Table 38, for descriptions of all of these performance measures). The
simulation model records the necessary outputs for each ward (agent) and over the hospital (system).

Verification and validation
Throughout the simulation model development process, we performed verification (checking that the
model is implemented correctly in the simulation software) and validation (checking that we built
an appropriate and accurate enough model). As recommended by Sargent,122 we documented the
conceptual validation, computer model verification, operational validation and data validation checks
that we carried out (see Appendix 1, Tables 39–43). Conceptual validation refers to assessing whether
or not the conceptual model represents the real world accurately enough for the purpose of the study.
Computer model verification involves checking whether or not the computer model is programmed
correctly to match the conceptual model. Operational validation means whether or not the simulation
model results are similar enough between runs to allow conclusions to be drawn. Data validation
consists of checking whether or not the data used in the simulation model are accurate enough for the
purpose. In conclusion, we are highly confident about the operational validity and computer model
correctness and are relatively confident about the conceptual validity and data validity.

Sensitivity analyses
We performed multiway sensitivity analyses to test the impact of varying parameters, particularly
those for which we do not have data, on the key performance measures (percentage of understaffed
shifts and cost per patient-day). We used a 2k factorial design and computed the average effect of
each factor and the 95% confidence intervals to assess whether or not each effect is statistically
significant.123 We also tested for two-way interaction effects.

Scenarios
We investigated scenarios that differ in how they use the SNCT to set staffing establishments. The
‘standard’ approach calculates a staffing establishment based on the mean requirement over a data
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collection period. We compared the consequences and costs of using this approach to setting
establishments with those of using an approach that relies more heavily on flexible staffing. This ‘low’

establishment is set to meet 80% of the mean requirement, with the intention that variable demand
above this is met by internally re-deploying staff and/or by using temporary/flexible bank and agency
staff. We contrasted this with a ‘high’ staffing approach, which sets staffing at the 90th percentile and
hence staffs wards at a level that would be expected to match or exceed demand 90% of the time if
that level of staff were deployed.

We explored the system complexity including running scenarios with different assumptions for
temporary staff availability, and using data from different times of year to set the ward establishments
(see Appendix 1, Table 44, for full descriptions of all scenarios. We ran all scenarios for all four hospital
trusts separately, and ran some scenarios interacted with each other; for example, for each method for
setting ward establishments, we ran all scenarios with different assumptions for the availability of
temporary staff.

Cost-effectiveness analyses
We used the outputs of the simulation modelling to compare the cost-effectiveness of the three
approaches to using the SNCT to set establishments: the ‘standard’ mean approach and our alternative
‘high’ and ‘flexible (low)’ establishment approaches, designed to meet demand on most days and to
provide a low baseline staffing level, respectively. We estimated the hospital-level costs and the
number of extra deaths due to short staffing using estimates of staffing/outcomes associations derived
from published studies. We performed sensitivity analyses to see the effect of different assumptions
and, in particular, examined the effect of differing assumptions about the availability of temporary staff
because, as demonstrated in Chapter 6, it seems likely that substantive conclusions about the costs, the
consequences (in terms of short staffing) and the effects of each strategy may be heavily dependent
on this.

Sources of coefficients to estimate effects
We sought studies that could provide robust estimates of the effect of low staffing at the patient level
on hospital wards in a context that was sufficiently close to that of the current study. In addition, we
needed to be able to obtain valid estimates of baseline risk to link to our study hospitals. Despite the
extensive body of research into this field, this limited the potential pool of studies.

We had originally identified Needleman et al.’s8 study as a potential candidate for effectiveness
coefficients because their measurement of individual patient exposure to low staffing in a longitudinal
design provides a stronger basis for causal inference and a lower risk of bias than in cross-sectional
studies. Unfortunately, the Needleman et al. study used an undocumented staffing system to determine
the required registered nurse staffing levels only, and was undertaken in a very different context (a US
tertiary academic medical centre), where baseline nurse staffing levels are typically very different from
those within the NHS. The problem with not knowing the system used to determine nurse staffing
requirements was that we could not assume that the SNCTwould give comparable results. Indeed, given
the very different staffing levels observed in apparently similar UK and US hospitals,124 it seems unlikely
that the same staffing requirements would be estimated using systems designed in the different countries.
Therefore, we had no way to measure a comparable absolute or proportional deviation from a baseline
staffing requirement to determine what might constitute ‘low’ staffing. Other candidate studies we
considered suffered similar limitations associated with different contexts and proved even more
problematic to use because they reported coefficients related to absolute rather than relative staffing
levels, using outcomes for which we could not obtain comparable baseline event data from the NHS
(e.g. per-shift risk of one or more patient falls).125

Consequently, we have used estimates for the association between low staffing and outcomes derived
from our own recent NIHR-funded study.6,9 Like Needleman et al.’s8 study, this longitudinal study
measured exposures to low staffing at the individual patient level. The study was based on data from
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138,133 patients admitted to general medical and surgical wards of a large NHS general hospital
between 2012 and 2015. In this study, staffing establishments for the wards in the hospital had been
set using the SNCT and measures of exposure to ‘low’ staffing were defined relative to the ward mean
staffing levels, an exposure variable that we were able to replicate in our simulation models. The study
provided coefficients for the effect of exposure to low staffing over the first 5 days of the hospital stay,
which covers the majority of the acute stay for the majority of patients. Low staffing was measured as
the number of days below the mean (for risk of death) or the average nursing hours relative to the
mean (for length of stay). We were also able to consider the effect of exposure to days of high
(defined as > 1.5 hours per patient) temporary staffing from the coefficients derived in this study.

Sources to estimate baseline values
We identified baseline mortality rates for three of the four hospital trusts from the data used in the
2017 Standardised Hospital Mortality Indicator model.126 This was not available for hospital trust C as
this is a specialist hospital where the Standardised Hospital Mortality Indicator model would not apply.
Furthermore, as the coefficients linking staffing to mortality and length of stay had been obtained from
general hospitals, applying it to this population would, in any case, be unwarranted.

We obtained length of stay data for the 2017/18 financial year (April–March) from the Seven-day
Services Length of Stay Indicator,127 which gives the distribution of patients staying on wards for (0) 1,
2, 3 or at least 4 days, as well as median length of stay for emergency admissions, who form the
majority of admissions. We used this both to provide a hospital average length of stay for each hospital
trust and to estimate an average number of days’ stay within 5 days (excluding zero-day stays), the
period to which the effect estimates for exposure to low staffing applied. We extrapolated the available
data for the first 4 days of the stay to estimate the average length of stay within 5 days.

We assumed that the trend in the number of patients experiencing stays of 0–4 days was continued in
order to estimate how many of the patients who stayed for more than 3 days were discharged before
day 5, and therefore how many also stayed for 5 (or more) days. More patients experienced a stay of
1 day than experienced a stay of 2 days, more stayed for 2 days than for 3 days and more stayed for
3 days than for 4 days. This allowed us to estimate the proportion of an admitted cohort who were
discharged on each of days 0–3. We assumed that the observed trend continued with half the number
of patients discharged after 4 days compared with after 3 days. Different assumptions about the trend
made very little difference to the estimates (for the average number of days’ stay within 5 days). For
example, assuming that the same number of patients were discharged on day 4 as day 3 reduced the
estimate by ≤ 0.03 days for all hospital trusts. Assuming that no patients were discharged on day 4
increased the estimated average stay by ≤ 0.09 days. For coefficients and key parameters derived from
external sources used in the cost-effectiveness models, see Table 45 in Appendix 1.

Temporary staffing
For each of the three approaches to using the SNCT to set establishments we tested [the ‘standard’
mean approach and our alternative ‘high’ and ‘flexible (low)’ establishment approaches, designed to
meet demand on most days and to provide a low baseline staffing level, respectively], we used
different assumptions about the availability of temporary staff and the use of internal re-deployment
to cover any staffing shortfalls:

l Assume that staffing deficits are not met.
l Assume that staffing deficits are partially met, assuming limited availability of bank and agency staff.

(We considered two alternatives here: first, 50% bank and 50% agency availability and, second, empirical
availability estimated using data from one hospital trust for both – see Appendix 1, Tables 36 and 37.)

l Assume that staffing deficits will be met by employing bank/agency staff, both registered and
unregistered nurses, by assuming high availability of bank (50%) and agency (90%) staff with no
internal re-deployment.
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l Assume that staffing deficits will be met initially by re-deployment from overstaffed wards, with
bank/agency staff used only when no further re-deployment is possible, assuming high availability
of bank (50%) and agency (90%) staff with internal re-deployment.

To generate data to estimate the consequences of each approach to setting establishments, we ran the
simulation model for 1 year (for each set of assumptions and each hospital trust). We used data from
the ‘standard’ average staffing scenario to determine a ward mean staffing level against which low
staffing was judged when using the alternative approaches to setting establishments. We summed the
days of low staffing and the days with > 1.5 hours per patient of temporary staffing across all wards.
We calculated the mean change in staffing levels associated with each approach to using the SNCT.
From data for each ward on each day, we calculated the overall risk of exposure to low staffing
(or high temporary staffing).

The effects of each establishment relative to the ‘standard’ establishments were estimated using
coefficients from relevant regression models. We divided the number of patient-days by the mean
length of stay to estimate the patient population. We estimated the expected number of deaths using
each hospital trust’s actual death rate (patient population times risk of death) and we assumed that
this was the baseline mortality rate that would occur under the standard approach to staffing using
the SNCT.

Because the regression estimates were derived from survival models that estimated the cumulative
effect of exposure to variation in staffing, the effect of any change in staffing accumulates across the
stay. That is to say, if the risk of exposure to low staffing is 50% then a patient who stays for 5 days
will experience an average of 2.5 days of low staffing. The coefficients we used were based on the
effect of exposures during the first 5 days of stay only. Therefore, we used our estimates of the mean
stay within 5 days to estimate the mean exposure per patient.

To estimate effects, we multiplied differences in mean patient exposures relative to the exposures
experienced under the standard establishment (baseline) by the relevant coefficients. The effect of
staffing change on length of stay was estimated by multiplying the number of patients (β) by the
average change in worked HPPD associated with the scenario (ΔHPPD × β) to estimate the bed-days
saved (or added). For estimations involving mortality, we assumed that the hazard ratio approximated
to a risk ratio, an assumption that is generally valid in the short term and when probabilities of events
are small, which is the case with mortality in this study.128,129 We estimated the risk of death for each
establishment-setting approach by multiplying the observed risk by the hazard ratio associated with
the change in exposure (to low staffing or high temporary staffing). We calculated the change in the
number of deaths by subtracting the number of deaths associated with the ‘standard’ establishment
scenario from the number of deaths estimated in the new scenario [(Δexposure × hazard ratio ×
baseline risk × population) – baseline death rate]. We estimated the ‘numbers needed to treat’ (NNT)
or ‘numbers needed to harm’ (NNH) associated with each establishment (relative to the ‘standard’
average-based establishment) using the formulae NNT = 1/ARR or NNH = 1/ARI (where ARR and ARI
are the absolute risk reduction and the absolute risk increase, respectively).

In our core analysis, we focused on the effect of low staffing on mortality alone, calculating a
cost-effectiveness ratio (Δcost/Δmortality) comparing approaches to setting establishments that were
associated with improved outcomes compared with the ‘standard’ approach to setting establishments.
We also estimated net costs after taking into account the value of bed-days saved. As we had no other
basis on which to attribute value or costs associated with these saved/additional bed-days, we used the
2017/18 national average (reference) cost for a non-elective bed-day,105 likely to be a conservative
assumption as it assumes that there are no specific treatment costs associated with extended stay.
We multiplied the change in bed-days associated with each establishment by the reference cost. This
change was added to the staffing cost estimated as part of each model and we call the resulting figure
the ‘net cost’. We also considered the consequence of adding the effect of exposures to high bank and
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agency staffing. We undertook sensitivity analyses exploring the effect of varying a number of key
parameters, including the estimates of the effect of low staffing on mortality using the upper and lower
bounds of the 95% confidence interval, the costs of agency staff and the effect of increases in the
costs of assistant staff, as would be the case if the grade mix of such staff increased.

Because we were unable to estimate effects for hospital trust C, a specialist trust, this trust is omitted
from the results. Because of the number of scenarios and parameters that are varied across the hospital
trusts, we focus our reporting of results on the (unweighted) mean results across the three remaining
hospital trusts. Because of different baseline absolute values in each trust, we give the percentage
change (from ‘standard’ establishment) where relevant.

Expert and public involvement

Our multidisciplinary study team consists of experts in nursing research, operational research applied
to health care, health economics and statistics, as well as senior nursing leads with responsibility for
implementing staffing policies, from each of the four hospital trusts. Throughout the study, we held
regular (fortnightly) internal team meetings and supplementary ad hoc meetings at which the team
members providing the core analysis sought guidance from the relevant experts as appropriate. We
also held regular meetings with the principal investigators at the hospital trusts, both face to face and
via conference call, particularly in the set-up and data collection phases. A steering group of further
experts who were independent of the study team oversaw the study. This group provided advice on
the delivery of the project, including technical aspects and pertinent issues.

When developing our research proposal, we discussed appropriate patient/public involvement with
Claire Ballinger [patient and public involvement lead for NIHR CLAHRC (Collaboration for Leadership
in Applied Health Research and Care) Wessex] and Anya de Iongh (patient and public involvement
champion for the ‘fundamental care in hospital’ theme of the CLAHRC). Following their guidance we
sought no further direct patient/public involvement in prioritising or shaping the questions as these
arose from the brief and need for technical assessment of the tool; instead, we focused on considering
how the public could be involved in the proposed research and its governance and dissemination.

Based on this advice, we sought a lay member of our steering group with specific interest and expertise.
To this end, we worked with Stephen Habgood, a lay member of the NICE safe staffing advisory
committee for the development of guidelines in mental health, who agreed to participate in the project
steering group. Stephen also has experience of staffing methodologies used in other sectors from his past
work as a prison governor and is currently chairperson of a mental health charity. In addition, and guided
by the advice from our patient and public involvement experts, we considered ward-based staff nurses as
the potential end-users of our research in a way that is analogous to a patient receiving a treatment that
might be recommended by an expert. Based on this, we have used multiple channels to connect with
ward-based staff, including extensive use of social media and discussions with individual staff nurses at
consultation events. These conversations have sensitised us to a number of issues in relation to our study,
including several factors that we tested in the simulation modelling, such as requirements for nurses to
have specific skills.

Ethics issues

Although results of the SNCT staffing tool may indicate staffing shortages and staff reports may also
indicate concerns, hospital trusts already have established mechanisms for dealing with these issues.
The University of Southampton Ethics Committee approved our study (reference 18809). The Health
Research Authority approval number for our study is 190548. This study did not require NHS Research
Ethics Committee approval because no data were collected directly from patients, only routine data
were used and all patient data were de-identified at source.
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Chapter summary

l In our study, we used daily SNCT ratings of patients from acute general wards in four hospitals to
investigate the tool’s reliability and validity and to model the costs and consequences of using the
tool in different ways.

l We explored how the estimated nursing establishments varied with different samples, exploring
issues such as the sample size used (number of days), and the day of the week and the time of day
at which ratings were collected.

l We explored whether deviations from the staffing level indicated by the SNCT were associated with
nurses’ reports of sufficient staff for quality, omissions of care or missed breaks.

l We used the data to model different approaches to setting the establishment using the SNCT,
comparing the ‘standard’ (mean-based) approach with a ‘high’ establishment (designed to meet
assessed need 90% of the time) and a ‘flexible (low)’ establishment (designed to provide a minimum
of core staff relying on flexible deployment to meet variable need).

l We explored the consequences of these different approaches for the frequency of wards and
patients experiencing substantial understaffing.

l We explored the costs incurred by the hospitals in providing staff under these different approaches.
l We modelled the cost-effectiveness (in terms of cost per life ‘saved’) of alternative approaches to

setting establishments using estimates of the effects of low staffing and exposure to high levels of
temporary staff from a recent study undertaken in the NHS.
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Chapter 4 Descriptive analyses

This chapter provides a description of each of the key variables and the extent to which they varied
between wards and hospitals.

Across all four hospital trusts, 81 out of 94 potentially suitable wards participated. Participation was at
least 90% of wards in three of the four trusts. Trust D had a greater number of specialist wards for
which the trust had judged the SNCT unsuitable and so it was not implemented. In this trust, 66% of
all adult wards participated, but a number of specialist units, including cancer and cardiac wards, and
including some high-dependency unit beds, did not (see Appendix 2, Table 46, for hospital-level
participation).

For some wards, because of ward closures and changes we restricted the timespan of data or split
wards into pseudo-wards (see Appendix 2, Table 47). (For ward profiles, see Appendix 2, Table 48;
statistics at the ward level are provided in Report Supplementary Material 3, Tables 87–91 and Tables 93
and 94.)

The completeness of SNCT acuity/dependency ratings was high in participating wards; all hospital
trusts completed over 85% of morning returns and, once ratings from later in the day were used to fill
missing data, completeness ranged from 92% of possible ward-days (at hospital trust D) to 99% (at hospital
trust A). In all, we obtained data linking SNCT ratings and staffing levels for 26,362 ward-days. Response
rates for all staffing adequacy questions were also high. In two trusts (A and B), morning response rates
for all items were > 90%. In trusts C and D, morning response rates were somewhat lower but still
high (≥ 83% and 69%, respectively). (For full details, see Appendix 2, Table 49, for completeness of daily
responses and Appendix 2, Table 52, for completeness of census/shift responses.)

Data validity for the staffing adequacy questions with yes or no answers (i.e. 1 or 0 answers) was
above 99%. For the questions about numbers of staff needed, at least 80% were potentially valid
(recording at least one registered nurse for ‘registered nurses needed’, or at least one staff member in
total for ‘nursing support workers needed’). (See Appendix 2, Table 50, for data validity of morning/day
responses and Appendix 2, Table 53 for all census/shift responses.)

When linking the deviation of actual staffing from the estimated requirement to the nurses’ responses
to ‘enough staff for quality’, ‘nursing care left undone’ and ‘staff breaks missed’ questions, in each case
about 15% of the larger data set was lost in linkage (as a result of invalid/missing data).

When linking the data set with the numbers of ‘registered nurses needed’ to that with the numbers of
‘nursing support workers needed’, < 1% (of the larger data set) was lost in the linkage (as a result of
missing/invalid data in either data set). However, when further restricting data to days when it was
reported that there were not ‘enough staff for quality’ and more total staff were needed (‘registered
nurses needed’ plus ‘nursing support workers needed’) than worked on the ward during the preceding
24 hours (7 a.m.–7 a.m.), a relatively small data set remained (2522 observations, 13% of the previous
data set). (See Appendix 2, Tables 51 and 54, for the numbers of records after linkage for daily responses
and for census/shift responses, respectively.)

Ward size varied within and between hospitals. Typically, wards in hospital trust C were much smaller
than those in the other trusts, with a mean of 12 patients per ward based on 7 a.m. census counts at
trust C, and means of between 23 and 30 patients at the other trusts (see Appendix 2, Table 55). The
mean within-ward standard deviation of patients at 7 a.m. for each trust is between 1.7 (trusts B and C)
and 2.1 (trust A).
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Staffing levels

Staff per day
Staffing levels varied considerably both between and within wards. Table 8 summarises the total daily
staffing levels, skill mix and band mix for staff deployed on wards (substantive and temporary staff).
Across all participating wards in all four hospital trusts, the mean ward staffing levels (i.e. the mean of
ward means) were 4 registered nurse HPPD and 3 nursing support worker HPPD. Registered nurse
HPPD varied substantially between trusts, from 3 (hospital trust D) to 8 (hospital trust C). On the other
hand, mean ward nursing support worker levels were relatively stable across hospital trusts (about
3 HPPD in all hospital trusts). Within trusts, the range between the highest and lowest staffed wards
was 60% of the mean.

The mean ward skill mix across all wards was 56% registered nurses; this varied between hospital
trusts from 49% at hospital trust D to 75% at hospital trust C. Hospital trusts A, B and D had a similar
spread of staff across bands, with most nursing support workers at band 2 and most registered nurses
at band 5, while hospital trust C (the specialist cancer hospital trust) had a very different spread, with
most nursing support workers at band 3 and most registered nurses at band 6.

Temporary staff
All wards made heavy use of temporary staff, with the ward average ranging from 21% of daily hours
at hospital trust D to 24% at hospital trust B (Table 9). Overall, bank staff (overall ward average of 16%
of all hours) were used much more often than agency staff (7%). Use of agency staff was more variable
between trusts (4–9%) than overall use of temporary staff. The majority of agency staff are at band 2
or 5 at all hospital trusts. The skill mix of bank staff is lower than that of substantive staff. This is also
true of agency staff in most hospital trusts, although the overall skill mix of agency staff more closely
resembles that of substantive staff (see Appendix 2, Table 56).

TABLE 9 Mean ward temporary staff use by hospital trust

Hospital trust Bank staff Agency staff All temporary staff

Skill mix of temporary
staff, percentage
registered nurses

A 17% 5% 22% 44%

B 15% 9% 24% 42%

C 19% 4% 23% 62%

D 14% 7% 21% 36%

All wards 16% 7% 23% 44%

TABLE 8 Mean ward daily staffing levels (minimum ward, maximum ward) by hospital trust

Hospital
trust Total HPPD Total hours

Skill mix,
percentage
registered nurses

Nursing support
workers in bands
2, 3 and 4,
respectively

Registered nurses
in bands 5, 6, 7 and
8, respectively

A 7.0 (5.4, 10.4) 143 (73, 270) 51% (42%, 70%) 83%, 13%, 4% 80%, 14%, 5%, < 1%

B 6.8 (5.0, 8.9) 190 (70, 536) 56% (39%, 79%) 91%, 7%, 1% 84%, 12%, 3%, < 1%

C 10.5 (7.5, 14.2) 117 (79, 193) 75% (70%, 78%) 33%, 67%, < 1% 31%, 64%, 5%, 0%

D 6.5 (5.2, 8.4) 160 (101, 230) 49% (40%, 63%) 83%, 5%, 13% 75%, 18%, 6%, < 1%
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Staffing by time of day
We described variation in staffing levels by time of day, using 6-hour shifts (7 a.m.–1 p.m., 1 p.m.–7 p.m.,
7 p.m.–1 a.m. and 1 a.m.–7 a.m.) to approximately match major staffing changes. Overall, mean staffing
levels were highest in the morning and lowest at night (Table 10), although in some wards the highest
staffing levels were in the afternoon (see Report Supplementary Material 3, Table 88). In general, skill mix
was lower at night, although the overall differences were not large.

Calculated staffing requirements
We used the reported numbers of patients in each SNCT category to estimate staffing requirements.
For each hospital trust, the weighted-average multiplier without specialing requirements corresponds
to an acuity/dependency level somewhere between SNCT levels 1a and 1b (Table 11). Across all wards,
including specialing requirements added about 10% to the average estimated care HPPD, although this
increase varied between trusts.

Because specials in hospital trust D were not allocated to one of the original SNCT categories, we tested
the impact of our assumption that specials in trust D were in acuity/dependency level 1b, by instead using
the average acuity/dependency level of patients on the ward when specials were requested. This made
little difference, reducing the estimated staffing requirement by 2%.

The mean ward standard deviations of the calculated staffing requirement ranged from 0.41 HPPD
(6% of the hospital trust mean) at hospital trust D to 0.93 HPPD (13% of the hospital trust mean)
at hospital trust C. When including specialing requirements, the calculated staffing requirement per
patient-day is more variable (with mean ward standard deviations ranging from 0.92 HPPD at hospital
trust A to 1.49 HPPD at hospital trust C).

Deviation between calculated requirement and actual staffing
We compared the calculated staffing requirement with the actual staffing each day and on each ward
by subtracting the actual staffing from the calculated requirement (Table 12). Hospital trust B had the
greatest difference between calculated staffing requirements and actual staffing, with an apparent

TABLE 11 Mean ward calculated staffing requirements by hospital trust

Hospital trust
Weighted-average multiplier
without specialing requirements

Total HPPD without
specialing requirements

Total HPPD with
specialing requirements

A 1.56 7.4 7.6

B 1.60 7.3 8.2

C 1.52 7.0 7.5

D 1.55 7.0 8.2

All wards 1.57 7.2 8.0

TABLE 10 Mean ward staffing levels by time of day using 6-hour shifts for each hospital trust

Hospital trust

Total care hours per patient shift Skill mix, percentage registered nurses

Morning Afternoon Evening Night Morning Afternoon Evening Night

A 2.2 2.0 1.5 1.3 51% 50% 51% 50%

B 2.0 1.8 1.6 1.4 57% 57% 55% 54%

C 3.1 3.1 2.4 2.0 74% 71% 74% 63%

D 1.9 1.9 1.5 1.3 49% 49% 49% 49%

All wards 2.2 2.1 1.7 1.4 56% 56% 55% 53%

DOI: 10.3310/hsdr08160 Health Services and Delivery Research 2020 Vol. 8 No. 16

© Queen’s Printer and Controller of HMSO 2020. This work was produced by Griffiths et al. under the terms of a commissioning contract issued by the Secretary of State
for Health and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in
professional journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial
reproduction should be addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House,
University of Southampton Science Park, Southampton SO16 7NS, UK.

43



average staff shortage of 0.5 HPPD/18 hours per day. At the other end of the spectrum, hospital trust C
had an apparent staff surplus of 3.6 HPPD/37 hours per day. Including specialing in the calculated
staffing requirements more than doubles the percentage difference deviation in hospital trusts B and D.

We used the 15% criterion derived from the RAFAELA system to determine potentially important
deviations from the required staffing level. On average across all wards, 26% of days were classified as
understaffed. Wards at hospital trusts A, B and D were ‘understaffed’ compared with the calculated
requirement on about 30% of days (see Appendix 2, Table 57). By contrast, on average wards at
hospital trust C were ‘overstaffed’ compared with the calculated requirement (over by more than 15%
of the requirement) on more than 80% of days.

In hospital trust A, the majority of wards (13/19) were staffed within 15% of requirement on the
majority of days (see Report Supplementary Material 3, Table 91). Five wards were understaffed
compared with the calculated staffing requirement more than 50% of the time, while one was
overstaffed compared with the calculated staffing requirement more than 50% of the time. In hospital
trust B, 6 out of 31 wards were understaffed compared with the calculated staffing requirement more
than half of the time, while the majority of wards (25/31) were staffed within 15% of requirement for
the majority of days. In hospital trust C, most wards (10/12) tended to be overstaffed compared with
the calculated staffing requirement (more than 50% of the time). In hospital trust D, 6 out of 19 wards
were understaffed on more than 50% of days, and the majority of wards (13/19) were staffed within
15% of requirement on the majority of days.

Nurse-reported staffing adequacy

Enough staff for quality, care left undone and missed breaks
Table 13 summarises the valid morning responses for the staffing adequacy questions with binary 1/0
(yes/no) answers. Across all wards, a mean of 77.8% of reports suggested that there were enough staff
for quality, on 5.4% of occasions it was reported that nursing care was left undone and on 5.3% of
occasions it was reported that breaks were missed. For results for hospital trust D before correcting
for reverse-coding, see Report Supplementary Material 3, Table 92.

Reported staffing requirements
On days when it was reported that there were not enough staff for quality and more staff were
needed than worked on the ward during the preceding 24 hours (7 a.m.–7 a.m.), we calculated the
increases in registered nurses, nursing support workers and total staff needed (according to nurse
reports) over the number working (Table 14). These are three relatively small data sets of between
2437 and 2522 observations and each about 13% of the potentially valid responses.

TABLE 12 Difference between calculated and actual staffing, ward mean (standard deviation), by hospital trust

Hospital trust Total HPPD Total hours per day Percentage difference

Without specialing

A 0.4 (1.1) 11.6 (19.9) 4.7% (14.2%)

B 0.5 (0.9) 18.1 (24) 7.2% (11.9%)

C –3.6 (1.7) –36.9 (16.3) –53.2% (32.3%)

D 0.5 (0.8) 15.5 (18.5) 7.3% (11%)

With specialing

A 0.6 (1.2) 16.2 (22.7) 7% (14.9%)

B 1.4 (1.2) 42.5 (33.8) 15.9% (13.2%)

C –3.1 (1.8) –31.5 (16.4) –44.4% (31.5%)

D 1.7 (1.3) 44.9 (32.9) 18.9% (12.7%)
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The required increases in registered nurse staffing when nurses reported there were not enough staff
for quality was between 0.7 and 1.3 (hospital-trust-level means) and the required increases in nursing
support workers were between 0.7 and 1.2. Across all wards, an average of one extra registered nurse
and one extra nursing support worker was requested.

Other factors potentially affecting workload

The proportion of single rooms per ward varied both between and within hospital trusts. Hospital trust D
had relatively few single rooms, on average 12% per ward (see Appendix 2, Table 58). In trust C the
proportion of single rooms was high, with a mean of 58%, reflecting a number of wards that were
exclusively single rooms. Average daily turnover varied between trusts, from 0.04 admissions and
discharges per care hour at trust C to 0.08 admissions and discharges per care hour at trust A, but it was
much more variable between wards within trusts. Between the lowest turnover ward in trust B and the
highest in trust A, there was a 29-fold difference (0.01–0.29 admissions and discharges per care hour).

Staffing costs

We estimated the costs of registered nurse and nursing support worker staffing levels observed on
each ward in the study hospital trusts. To do this, we used the observed hours provided per day by
substantive, bank and agency staff at each Agenda for Change band and we report these as staff costs
per patient-day. Summary estimates for registered nurses and nursing support workers combined, and
for each group, are reported in Table 15 (for more details, see Report Supplementary Material 3, Table 94).

TABLE 13 Staffing adequacy questions per ward, mean (minimum, maximum), by hospital trust

Hospital trust
Shifts with ‘enough
staff for quality’ (%)

Shifts with ‘nursing care
left undone’ (%)

Shifts with ‘staff
breaks missed’ (%)

A 64.8 (24, 96.4) 10.4 (0.3, 22.5) 10.5 (0.6, 29.4)

B 81.2 (59.1, 97.5) 5.5 (0, 24.5) 5.3 (0, 16.7)

C 72.4 (44.2, 92.1) 3.4 (0.6, 9) 2.5 (0.6, 6.5)

D 88.5 (69.4, 100) 1.6 (0, 16.1) 1.9 (0, 16.2)

All wards 77.8 (24, 100) 5.4 (0, 24.5) 5.3 (0, 29.4)

TABLE 14 Mean ward increases (percentage increases) in staff reported ‘needed’ over actual average numbers of staff
who worked in previous 24 hours, by hospital trust

Hospital trusta Registered nurses Nursing support workersb Total nursing staff

A 1.1 (58.5%) 1.2 (133.7%) 1.6 (30.8%)

B 0.7 (25.5%) 0.9 (71.8%) 0.8 (12%)

C 1.2 (40.7%) 0.7 (142.4%) 1.5 (32.5%)

D 1.3 (50.8%) 0.7 (27.8%) 1.6 (26.2%)

All wards 1.0 (41%) 1.0 (98.5%) 1.3 (22.5%)

a Wards with zero observations are excluded from these statistics.
b Periods with zero nursing support workers are excluded from the percentage increase calculations.
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TABLE 15 Mean ward nursing staff costs (£) per patient-day by hospital trust

Hospital trust Total

Staff group

Registered nurses Nursing support workers

A 150 95 54

B 148 98 49

C 274 230 44

D 141 85 56

All wards 165 114 51

The mean ward cost in three of the hospital trusts is between about £140 and £150 per patient-day, while
the fourth has a substantially higher mean cost (approximately double, at about £275 per patient-day). The
relatively high cost for hospital trust C reflects the higher registered nurse staffing levels and skill mix.

There is substantial variation in staff cost per patient-day within wards and between wards in each of the
hospital trusts. The mean cost per patient-day varies from £116 to £238, £112 to £203, £199 to £363
and £114 to £183 in hospital trusts A to D, respectively. The variation in cost arises from a combination
of the underlying variability in staffing levels, skill mixes and band mixes shown in Table 8 (see Report
Supplementary Material 3, Tables 87 and 88) and additional staffing costs arising from unsociable hours
payments as well as from employing bank and agency staff.

Chapter summary

l Across the four hospital trusts, 81 wards participated, with > 85% of potentially eligible general
wards participating over 1 year.

l We received SNCT ratings for 96% of possible ward-days, and on over 85% of ward-days we
received answers to questions about staffing adequacy.

l In all, we obtained data linking SNCT ratings and staffing levels for 26,362 ward-days.
l Staffing levels and skill mix varied considerably within wards, between wards and between hospital trusts.
l There was a large contrast between total (both registered nurse and support worker) staffing in the

three general hospital trusts (a mean of 6.5–7 care HPPD) and that in the specialist trust (a mean of
10.5 HPPD).

l Within hospital trusts, the range between the highest and lowest staffed wards was 60% of the mean.
l Skill mix (the percentage of nursing staff who are registered nurses) also varied between and within

trusts, with mean skill mix in the general hospital trusts (49–56%) lower than that in the specialist
trust (75%).

l All hospital trusts made significant use of temporary staff, with > 20% of all shifts worked by bank
and agency staff in all trusts (range 21–24%).

l The use of agency staff was more variable between trusts (4–9% of all shifts worked).
l Required staffing estimated by the SNCT across all wards was, on average, 7.2 care HPPD, with

calculated staffing slightly higher than the staffing we observed to be deployed in three general
hospital trusts and considerably lower than staffing deployed in the specialist trust.

l Using the criterion of 15% below the requirement for that day to define ‘understaffing’, we estimated
that 26% of all ward-days were understaffed.

l Nurses reported that they had enough staff to deliver quality care on 78% of shifts (according to
morning responses).

l When nurses reported that they did not have enough staff for quality, the additional staffing
required varied by hospital trust, averaging between 0.7 and 1.3 registered nurses, or between 0.8
and 1.6 total additional staff required.

l Mean hospital trust nurse staffing costs varied from £274 per patient-day in the specialist trust to
between £141 and £150 per patient-day in the general hospital trusts.
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Chapter 5 Precision, reliability and validity

Having described the underlying data, we now concentrate on exploring the use of the SNCT to
generate ward establishments (for which it was designed) and to set staffing levels each day and

shift (for which it is starting to be used).

We examine the variation in the recommended ward establishments generated by the SNCT when
using different samples and sample sizes, and collecting data at different times of day and on different
days of the week. In particular, we aim to answer the questions ‘what is the sample size required to get
a stable estimate of the mean staffing requirement?’ and ‘does the time of day or day of the week on
which SNCT ratings are collected matter?’.

In Chapter 6, we go on to investigate whether using the mean average is appropriate for setting
staffing levels, or whether other measures such as percentiles may better match staffing to demand.

We measured the difference between the staffing requirement calculated using the SNCT and the
actual staffing (both measured in HPPD), and we refer to this as the apparent ‘shortfall’. We compare
nurses’ reports of staffing adequacy with the shortfall. This allows us to ascertain whether or not the
required staffing level estimated using the SNCT accords with the judgement of staff on wards.

Variation between different samples for setting ward establishments

The SNCT guidance recommends calculating the average staffing required by collecting data on
patients’ acuities and dependencies across at least 20 weekdays, at least twice per year (20 days in
January and 20 days in June).

Our data set includes assessments of SNCT ratings for patients on each ward in scope of each hospital
trust on different days of the year. After removing missing data and outliers, the sample size per ward
averaged 325 days. From this, we calculated the estimated staffing requirements (in WTEs) for each day
(see Report Supplementary Material 3, Table 89). We then compared the recommended establishments
calculated by averaging different data samples.We used confidence intervals to assess how well these
averages approximated the true average requirement. We calculated the precision of the estimate by
dividing the half-width of the resulting confidence interval by the mean value.130

Approach 1: bootstrapping
We use bootstrapping here so that we can derive confidence intervals for the average staffing
requirement for different sample sizes. The bootstrap is a well-known resampling procedure that is used
to generate the distribution of a statistic of interest. Rather than continually resampling from the system
where the data were originally collected, the original sample – our best estimate of the population – is
resampled, with replacement, to generate a large number (e.g. 1000) of new bootstrap data sets. For each
data set, the statistic of interest (e.g. the mean) is recalculated. The resulting distribution is the sampling
distribution of the statistic and can be used for inference.114,131

Figure 2 illustrates the effect of sample size on the recommended staffing for ward 1 at hospital trust D
(an arbitrary choice). The points show the bias-corrected and accelerated 95% confidence intervals for the
mean for each sample size. The gridlines are spaced 0.25 WTEs apart. On this ward, for sample sizes below
100 data points, the widths of the 95% confidence intervals for the mean are more than 1 WTE, and for
the largest possible sample size from our data, the width of the 95% confidence interval for the mean is
about 0.5 WTEs.
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Across all wards, the average width of the 95% confidence intervals for the means using the
recommended minimum of 20 data points is almost 3 WTEs, with an average precision (half the width
of the 95% confidence interval expressed as a % of the mean) of 4.1%, and, even with 160 data points,
the average width is more than 1 WTE (Table 16). In other words, the recommended establishment
using 20 data points is highly variable.
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FIGURE 2 Bias-corrected and accelerated 95% confidence intervals for the mean calculated staffing requirement in
ward 1 at hospital trust D for different sample sizes.

TABLE 16 Average widths of 95% confidence intervals for the mean using different sample sizes

Sample size
Average confidence
interval width (WTE) Average precision (%)a Number of wards

20 2.9 4.1 86

40 2.1 3.0 86

60 1.7 2.5 86

80 1.5 2.1 86

100 1.3 1.9 82

120 1.2 1.8 81

140 1.1 1.6 81

160 1.1 1.5 80

180 1.0 1.4 77

200 0.9 1.3 77

220 0.9 1.3 77

240 0.8 1.2 73

260 0.8 1.2 72

280 0.7 1.1 69

300 0.7 1.1 63

320 0.7 1.2 43

340 0.7 1.1 32

360 0.6 0.8 3

a Half the width of the 95% confidence interval expressed as a % of the mean.
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Although 69 out of 86 wards (80%) achieved a confidence interval of width 1 WTE or less with a
sufficiently large sample size, for 20% of wards the available data were insufficient to estimate the
establishment with that degree of precision. However, in most cases the required sample size was
much greater than the recommended minimum of 20, and only two wards provided a confidence
interval width of 1 WTE with this sample size.

Approach 2: power calculation
As an alternative approach, we used a standard power calculation-based approach to derive the sample
size requirement, given ward standard deviations of daily-calculated staffing requirements and the
desired confidence interval width.

For the 20-day minimum sample size recommended in the SNCT guidelines to be sufficient, the standard
deviation would need to be, at most, 1.14 WTEs for 95% confidence intervals of width 1. Most wards in
this study had more variable staffing requirements than this (see Report Supplementary Material 3, Table 89)
and so would need a sample size larger than 20 days to be able to estimate the mean value this precisely.
For confidence interval widths of 0.5/2 WTEs, the standard deviations would need to be 0.57/2.28 WTEs,
respectively.

The average sample size required for a 95% confidence interval width of 0.5 WTEs is almost 1000,
although there is a wide range between wards. The average sample size requirement for a confidence
interval 1 WTE wide is 240 points, and for a 2 WTE width the average sample is 60 (Table 17).

Variation in calculated staffing requirements by time of day and day of week

Variation by time of day
Guidance on using the SNCT suggests that data for determining the establishment be collected at
3 p.m. We were unable to arrange data collection at this precise time. Ward staff reported that, instead,
collecting data during periods (rather than precise times) was feasible, typically in the morning, in the
evening and, in some settings, in the afternoon coinciding with handover. The variation in collection
times allows us to investigate how collecting data at different times of day affects the staffing
requirement that is calculated.

We identified the patient count for each of the four shifts (on average and at the start) and the
weighted-average SNCT multiplier (see Appendix 3, Table 59). On average, the difference in patient
counts between time points was small. In all hospital trusts the highest patient count was at 1 p.m.,
while the highest average patients present on ward per 6-hour shift was from 7 a.m. to 1 p.m.
However, the range in average patient counts over the four shifts was less than one in all cases.
Perhaps unsurprisingly, the weighted-average multiplier (i.e. the average patient acuity/dependency)
was, on average, the same for all census points. While these results suggest that, on average, there
may be little reason to adhere to the 3 p.m. census when determining the establishment, this does not
mean that the staffing requirements determined at different time points remain constant.

TABLE 17 Sample sizes required in different wards for 95% confidence intervals (for the mean staffing requirement) of
various widths

Desired width of
95% confidence
interval of the mean Average sample size Minimum sample size Maximum sample size

0.5 WTEs 959 16 7215

1 WTE 240 4 1804

2 WTEs 60 1 451
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We used intracluster correlation coefficients to assess the agreement between requirements calculated
from morning and evening census points (Table 18). The mean intracluster correlation coefficients
between morning and evening censuses per ward show moderate (≤ 0.5) or good (≤ 0.75) agreement for
the weighted-average multiplier and moderate or good agreement for the total care hours per day.132

However, the intracluster correlation coefficients differ across wards. Whereas some wards have
excellent agreement between results for each day calculated from morning and evening censuses
(indicating minimal change in patient numbers and average acuity/dependency of these patients from
morning to evening), for others agreement was poor (see Report Supplementary Material 3, Table 95).

We investigated the size of the deviations between morning and evening measurements, as the
intracluster correlation coefficients do not tell us whether or not the disagreement between morning
and evening censuses is large enough to be practically significant. For example, ward 1 at hospital
trust A has only moderate agreement between morning and evening assessments (0.5 intracluster
correlation coefficient) but the average size of the deviation is small (< 0.3%) and so would be unlikely
to lead to different staffing establishment decisions. Table 19 shows the mean ward deviation between
staffing requirements calculated from the morning and evening censuses.

TABLE 19 Ward mean (standard deviation) differences between staffing requirements calculated from morning and
evening censuses

Specialing
requirements/
hospital trust

Weighted-average
multiplier absolute
deviation

Weighted-average
multiplier percentage
deviation (%)

Total care
HPD absolute
deviation

Total care HPD
percentage
deviation (%)

Total required
WTE absolute
deviation

With specialing

A 0.00 (0.13) –0.17 (7.8) 0.07 (19.11) 0.46 (12.74) 0.02 (4.35)

B 0.00 (0.12) 0.02 (5.94) –1.96 (20.89) –0.06 (8.65) –0.45 (4.76)

C –0.01 (0.25) –0.34 (12.38) 0.22 (15.4) 0.17 (17.83) 0.05 (3.51)

D –0.01 (0.21) –0.21 (9.19) –2.07 (26.96) –0.83 (11.07) –0.47 (6.14)

Without specialing

A 0 (0.09) –0.16 (5.77) 0.14 (16.24) 0.48 (11.45) 0.03 (3.7)

B 0 (0.05) –0.03 (2.99) –2.08 (14.11) –0.11 (6.96) –0.47 (3.21)

C 0 (0.1) –0.29 (6.99) 0.38 (11.11) 0.22 (14.9) 0.09 (2.53)

D 0 (0.05) –0.07 (3.44) –1.29 (11.76) –0.69 (7.07) –0.29 (2.68)

HPD, hours per day.

TABLE 18 Intracluster correlation coefficients for morning vs. evening census: ward means by hospital trust

Hospital trust
Weighted-average multiplier
without specialing

Total care HPD
without specialing

Total care HPD
with specialing

A 0.5 0.57 0.62

B 0.77 0.53 0.76

C 0.61 0.62 0.65

D 0.61 0.64 0.71

All wards 0.65 0.58 0.70

HPD, hours per day.
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Whereas on average for wards at hospital trusts A and C the staffing requirements (in total care hours
per day or WTE) calculated from morning censuses are higher than those calculated from evening
censuses, the opposite is true at hospital trusts B and D. On average, the absolute magnitude of
differences is very small (< 1%). However, some wards have particularly large average differences
between morning and evening requirements. For example, ward 9 at hospital trust B has an average
difference of 26 hours between the total care hours per day calculated from the morning and evening
censuses (including specialing requirements) largely due to variation in the numbers of patients.

Variation by day of the week
The day of the week makes little difference to the weighted-average multiplier (i.e. the average patient
acuity/dependency) on average across wards (see Appendix 3, Table 60). In three hospital trusts (A, B and C),
there is evidence that the highest average need per patient is at the weekend. However, owing to larger
numbers of patients during the week, the overall ward (rather than individual patient) estimated nursing
requirements tend to be lowest at the weekends. Using Monday as a reference, the weighted-average
multiplier (without considering specials) varies by < 1% on other days, except in trust C, where the
average multiplier is 1.3% lower on Thursday than on Monday. Similar variation is seen when specialing
requirements are included, although the variation is slightly greater.

The required hours vary more because of variation in patient numbers, although, in general, the
differences are small, except in hospital trust C, where staffing requirements on Wednesdays are
10.1% higher than on Mondays, with staffing requirement gradually falling across the remaining days
of the week. In the other three hospital trusts, there is some variation between weekends and weekdays,
with weekends generally having lower staffing requirements. However, the absolute differences are
relatively small, with the largest observed difference being in trust A, with Saturday requiring 3.7%
fewer staff hours than Monday.

How does the Safer Nursing Care Tool compare with professional
judgement of staffing adequacy?

We assessed the extent to which apparent staffing shortfalls, measured by the difference between the
deployed staffing and the daily requirement estimated using the SNCT (including specialing), were
associated with the shift leader’s perception that staffing was adequate, using a number of different
questions (asked at each census point). All analyses included random factors for ward and hospital
trust. Multivariable analyses included control for other factors that may influence workload, including
patient turnover, single rooms, ward type and day of the week.

Associations between daily staffing deviations from Safer Nursing Care Tool requirement
and reported staffing adequacy
Differences between the staffing level deployed and the daily staffing requirement estimated using the
SNCT for patients on the ward on that day are significantly associated with nurses’ perceptions of
staffing adequacy (Table 20). In the multivariable models, when the registered nurse staffing level was
1 hour per patient-day below the required level estimated using the SNCT, the odds of the shift leader
reporting that there were enough staff for quality were reduced by 11%, the odds of reporting nursing
care left undone were increased by 14% and the odds of reporting staff missing breaks were increased
by 12% (all p < 0.001). Findings are similar for shortfalls of nursing support workers. Models using
overall care HPPD gave similar coefficients, with each care hour per patient-day of shortfall associated
with a 12% reduction in the odds of reporting enough staff for quality (see Appendix 3, Table 62).

Although there was some evidence that higher patient turnover was associated with perceptions of lower
staffing adequacy in the univariable models (see Appendix 3, Table 61), turnover was not significantly
associated with perceptions of lower staffing adequacy in the multivariable models. Nurses on surgical
wards were less likely to perceive adequate staffing than nurses on other (medical or mixed) wards.
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For example, the odds of nurses reporting that there were enough staff for quality were 56% lower on
surgical wards.

In wards with a higher proportion of single rooms, ward leaders were more likely to report care left
undone and missed breaks, and less likely to report enough staff for quality, although the relationships
were not statistically significant. However, the effect sizes were large.

Day of the week was significantly associated with perceptions of adequate staffing. In particular, after
controlling for other factors, nurses were less likely to report that there were enough staff for quality
and more likely to report missed care and missed breaks on Monday than on Saturday.

Non-linear effects and interactions
We tested for non-linear relationships with apparent registered nurse and nursing support worker
shortfalls, as would be expected if the SNCT provides a threshold for adequate staffing. We estimated
models using effects that were significant in the main effects models, adding a variable for staffing
shortfall squared for each staff group. Overall, we found that only one non-linear term was statistically
significant and all non-linear effects were too small to be of practical importance.

TABLE 20 Association between staffing shortfall and nurse perceptions of staffing adequacy: multivariable models

Variable

Enough staff for quality Nursing care left undone Staff breaks missed

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Registered nurse
shortfall (HPPD)

0.89 (0.87 to 0.92) < 0.001 1.14 (1.08 to 1.20) < 0.001 1.12 (1.06 to 1.18) < 0.001

Nursing support
worker shortfall
(HPPD)

0.86 (0.83 to 0.89) < 0.001 1.14 (1.07 to 1.20) < 0.001 1.11 (1.05 to 1.17) < 0.001

Turnover (per
nursing hour)

0.91 (0.30 to 2.75) 0.863 3.36 (0.60 to 18.72) 0.167 4.94 (0.95 to 25.78) 0.058

Ward type: other

Surgical 0.54 (0.31 to 0.92) 0.023 2.13 (1.19 to 3.82) 0.011 2.15 (1.23 to 3.78) 0.008

Proportion
single rooms

0.54 (0.18 to 1.66) 0.283 3.01 (0.93 to 9.71) 0.065 2.06 (0.65 to 6.56) 0.221

Day of week: Monday

Tuesday 1.12 (0.99 to 1.26) 0.079 0.86 (0.69 to 1.06) 0.160 0.71 (0.58 to 0.88) 0.001

Wednesday 1.28 (1.13 to 1.45) < 0.001 0.96 (0.78 to 1.18) 0.684 0.61 (0.49 to 0.76) < 0.001

Thursday 1.08 (0.96 to 1.23) 0.200 0.91 (0.73 to 1.13) 0.383 0.81 (0.66 to 1.00) 0.045

Friday 1.03 (0.91 to 1.17) 0.610 0.93 (0.74 to 1.15) 0.488 0.79 (0.64 to 0.97) 0.028

Saturday 1.29 (1.14 to 1.47) < 0.001 0.75 (0.60 to 0.95) 0.016 0.50 (0.40 to 0.64) < 0.001

Sunday 1.02 (0.90 to 1.15) 0.811 1.11 (0.90 to 1.37) 0.310 0.82 (0.66 to 1.01) 0.058

Standard deviation
between wards

1.06 1.08 1.05

Standard deviation
between hospitals

0.79 0.94 0.72

Akaike information
criterion

20,697 8377 8094

Bayesian
information
criterion

20,809 8490 8206
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For nursing care left undone, the non-linear term for registered nurse staffing was statistically significant
(p = 0.021; see Appendix 3, Table 64). Although there is some tendency for the odds of reporting care left
undone to increase more as staffing shortfalls increase above 0 (the threshold for adequate staffing
defined by our SNCT base estimates), when shortfall is negative (i.e. when staffing exceeds the estimated
requirements), increases in staffing are still associated with substantial reductions in reports of care left
undone (Figure 3). Including the non-linear term did not improve model fits over the models with
significant variables only (compare Tables 63 and 64 in Appendix 3), apart from for ‘care left undone’,
where the Akaike information criterion was reduced by a very small amount (from 8380 to 8378).

Next, we estimated models that included all statistically significant variables (including the non-linear
term for registered nurse staffing shortfall for the nursing care left undone model) and the interactions
between these variables. There were no significant interaction effects between apparent registered
nurse shortfall and support worker shortfall, and both Akaike information criterion and Bayesian
information criterion increased, indicating overall worse model fits (see Appendix 3, Table 65).

Shift-level analysis
We also investigated whether or not there is a relationship between the apparent shortfall and the
ward leader’s perception of staffing adequacy in the previous 6-hour shift. As the SNCT recommends
using professional judgement to apportion daily requirements into shifts, we used the average
observed ward distributions of staff over the day as a proxy. Both registered nurse shortfall and
nursing support worker shortfall during a shift are significantly associated with enough staff for quality,
nursing care left undone and missed breaks as reported in the following shift.

Nurses were most likely to report that there were enough staff for quality on night shifts, followed
by morning and then afternoon shifts (we did not have enough data to investigate evening shifts).
Compared with night shifts, the odds of reporting enough staff for quality were 10% lower on morning
shifts and 13% lower on afternoon shifts (see Appendix 3, Table 66). Similarly, nurses were least likely
to report leaving care undone and missing breaks on night shifts, followed by afternoon and then
morning shifts.

Although our day-level analysis found no evidence of important non-linear effects of staffing shortfall
and no interaction between staff groups, in analysis at this level, a more complex picture emerges.

Including non-linear terms improves the fit of models (over the models with significant main effects only)
as measured by the Akaike information criterion in all cases, and it improves the Bayesian information
criterion for models predicting enough staff for quality and staff breaks missed (see Appendix 3, Tables 67
and 68). Both the registered nurse and nursing support worker shortfall squared terms are significant in
most models (2/3 and 3/3 respectively) but their effects are in opposite directions.
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FIGURE 3 Change in odds of reporting care left undone with change in staffing shortfalls.
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Including interactions between shortfall and other predictors improves the model fits further for all
three outcomes according to the Akaike information criterion (see Appendix 3, Table 69). The Bayesian
information criterion is also improved for the model predicting staff breaks missed. There are several
significant interaction effects in the shift models. In the model predicting enough staff for quality, the
interaction between registered nurse and nursing support worker shortfall is statistically significant.
To explore this interaction and the non-linear effects, we calculated the combined effects of the linear,
non-linear and interaction terms for a range of plausible values of staffing shortfalls when all other
variables in the model are held constant at mean or reference categories (Figure 4 and Appendix 3,
Table 70).

As deficits in registered nurse staffing reduce, the odds of reporting enough staff for quality are
increased. The non-linear effect of registered nurse shortfall is very small and so over the plotted
range the registered nurse shortfall effect is very close to being linear. The significant interaction effect
appears to have marginal impact, with the plotted lines more or less parallel. For missed care and
missed breaks, the relationship with registered nurse staffing appears to be linear, with no significant
interaction effect. However, there are significant (but very small) non-linear effects for support worker
staffing, which are difficult to interpret, suggesting benefit from both high and low staffing relative to
assessed need but, in particular, benefits from staffing above the levels assessed by the SNCT.

The effect of shortfall on perceptions of staffing adequacy appears to vary to some extent by time of day.
The interaction between nursing support worker shortfall and morning shifts has a statistically significant
effect on reporting enough staff for quality. The interactions between registered nurse shortfall/nursing
support worker shortfall and afternoon shifts have significant effects on reporting staff breaks missed
and care left undone. Both of these interactions may play a part in explaining the complex non-linear
relationships with support worker staffing shortfalls and it is possible that higher-order interactions exist.
Given the relatively small observed effect sizes and the absence of clear theoretical propositions, we
elected not to pursue this through modelling the current data as it seemed unlikely to yield insights
related to our main aims and objectives.

Both registered nurse shortfall and nursing support worker shortfall have a larger effect on reporting
staff breaks missed on surgical wards than on other wards. Registered nurse shortfall and nursing
support worker shortfall lessen the impact of the proportion of single rooms on care left undone, and,
in the case of nursing support worker shortfall, also on staff breaks missed; that is, if the shortfall is
higher, the proportion of single rooms has less effect on perceived staffing adequacy.
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Sensitivity analyses
Matching perceptions of staffing adequacy to the same day/6-hour shift gives a worse fit (higher
Akaike information criterion) than matching to the previous day/6-hour shift, although the effects
of staffing shortfalls are largely unaltered (see Report Supplementary Material 4, Tables 96–98).

As we split wards that had major changes into pseudo-wards, these wards count more than once
towards the analyses. Therefore, we investigated the impact on results if these wards were entered
only once. We arbitrarily chose to include the first part for each ward. This made little difference to the
substantive statistical conclusions or estimated coefficients, which were almost identical for staffing
shortfalls (see Report Supplementary Material 4, Table 99).

Given the potential problem with reverse coding at hospital trust D, we also fitted models predicting
reports of enough staff for quality excluding this hospital trust. The variations between wards and
between hospitals in the model fitted to data without hospital trust D were lower, but substantive
conclusions and coefficients related to staffing shortfall were unaltered (see Report Supplementary
Material 4, Table 100).

Chapter summary

l The SNCT guidelines recommend a minimum sample size of 20 days’ worth of observations to
estimate a ward’s required staffing establishment. On average across wards, the bootstrapped
95% confidence interval for this sample is almost 3 WTE staff members wide, with a precision of 4%.

l On average across wards, a sample of 80 days gives a confidence interval that is 1.5 WTEs wide,
with a precision of 2%.

l We estimated that the sample required for a confidence interval width of 0.5 WTEs is over
900 days on average, although the required sample size varied considerably between wards.

l On average, the time of day when SNCT assessments were made caused very little difference to the
calculated establishment (< 1%), although, for some wards, admission/discharge patterns meant that
there were large differences.

l In general hospital trusts, there was little variation in the average staffing requirements between
days of the week, although weekends had slightly lower staffing requirements. However, the
magnitudes of differences were small (≤ 3.7%).

l On days when nurse staffing fell below the daily staffing requirement estimated using the SNCT,
the odds of reporting that there were enough staff for quality were reduced by 12% for each care
hour per patient-day shortfall. Correspondingly, the odds of reporting that staff breaks and nursing
care were missed were increased.

l We found no evidence to indicate that the calculated staffing requirement represented a threshold,
as staffing above this level was associated with increased chances of reporting that staffing was
adequate (according to all three measures).

l The effects of registered nurse and support worker shortfall appeared to be of a similar magnitude
and largely independent of one another.

l There is some evidence that non-linear effects and statistically significant interaction effects appear
to result in little or no substantive changes to the overall results or conclusions.

l After controlling for any shortfall between required and deployed staffing, nurses on wards with
higher proportions of single rooms were less likely to respond positively to the staffing adequacy
questions, although the relationships were not statistically significant.

Interpretation

In this chapter we assessed the appropriateness of the recommended sample size (20 days) and timing
(3 p.m.) of collecting data for determining ward establishments. We found that, on most wards, larger
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samples than the currently recommended minimum of 20 days would be required to obtain accurate
estimates of the required staff to employ within 1 WTE. This level of precision may be unachievable,
but, on average, a precision of ±1 staff member can be achieved with a sample of 40 days. Wards with
more variable staffing requirements need larger samples to estimate establishments accurately. In most
wards, the time of day (morning or evening) made little difference to the calculated establishment
required. This suggests that there is little basis for the current recommendation of using observations
at 3 p.m.

We investigated whether or not ward leaders were more likely to report that they had enough staff
when they had the number estimated by the SNCT. After taking into account other factors that could
affect this relationship, we found that when there are fewer staff than the tool suggests are needed,
the chance of ward leaders reporting ‘enough staff for quality’ is less, while the chance of them reporting
‘staff breaks missed’ and ‘nursing care left undone’ is more. However, other factors not directly measured
in the tool (ward type, single rooms, day of the week, time of day) may also independently affect reported
staffing adequacy. When there were more staff than recommended by the tool, there were further
improvements in all three reported measures and the relationships we saw appeared to be effectively
linear. So, although the tool does provide a measure that is associated with professional judgement of
staffing adequacy, giving some indication of ‘validity’, it does not include all factors that seem to influence
workload. Furthermore, it does not identify a staffing level that is always perceived as sufficient, nor does
it identify a threshold staffing level above which staffing is much more likely to be seen as sufficient.
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Chapter 6 Simulation model results

In this section, we present the results of the simulation models. We model the consequences of
different approaches to setting ward establishments using the SNCT. These are:

1. The ‘standard’ staffing scenario. This scenario sets the establishment based on the mean value from
a period of observation of SNCT ratings. This is the conventional approach to setting establishments
using the SNCT.19

2. The ‘flexible (low)’ staffing scenario. Under this scenario, we model a situation in which the
establishment is set to provide a core staff group that would be sufficient on days of low demand,
with a view that additional staff are re-deployed from other wards or employed from the hospital’s
bank and/or an external agency to meet fluctuations in demand. NICE has identified staffing of
more than 20% below plan as a possible red flag47 and therefore we used 80% of the average
staffing requirement to set this level, based on the presumption that in the face of average demand
this staffing level represents the bare minimum that is acceptable.

3. The ‘high’ staffing scenario. This scenario sets the establishment to match the 90th percentile
(rather than the mean) of demand. This scenario models a situation in which staffing is set at a level
such that it will be sufficient to meet predictable fluctuations in demand most of the time (i.e. 90%
of the time).

4. In addition, we model a ‘vacancies’ scenario. This scenario assumes that the establishment is set at
the mean required level but accepts that there are vacancies, set at 10% (reflecting the current
national vacancy rate for nursing staff1).

For our core model, we used 20 weekdays in June (with adjustments if unavailable) to provide the data
used to determine establishments.

Our core measure is understaffing, defined as staffing more than 15% below the staffing requirement
measured each shift. The 15% criterion was selected as it remains some distance from NICE’s 20%
trigger for a red flag, intended to highlight a safety risk.11 Bounds of 15% are used in the RAFAELA
system to define the tolerance limits for optimal staffing, recognising the variable and flexible capacity
of staff to respond to need.47

We go on to explore the potential influence of a number of factors including the variation in the
availability of temporary staff to cover shifts at short notice, the influence of the sample used to set
the ward establishments and the different criteria used to measure understaffing.

A single model run simulates 1 year at one hospital trust and we ran each model 10 times. The variation in
results between runs is low for each scenario. Under the standard staffing scenario, the ranges between
runs are 0.8%, 0.8%, 1.4% and 0.7% for the estimates of percentage understaffed shifts and £0.31, £0.21,
£0.63 and £0.27 for the cost per patient-day at hospital trusts A, B, C and D, respectively. The widths of
the corresponding 95% confidence intervals are 0.4%, 0.3%, 0.6% and 0.2% for the mean percentage
understaffed shifts per year and £0.13, £0.09, £0.22 and £0.12 for the mean cost per patient-day across
years. Therefore, for brevity we report the average result of the 10 runs rather than the ranges or
confidence intervals.We report the percentage of understaffed patient shifts, as this reflects the chance
that patients are affected by understaffing, although the percentage of understaffed ward shifts is almost
identical (see Appendix 4, Table 71, for an example).

Ward establishments

Unsurprisingly, ward establishments are highest when set using the ‘high’ staffing approach, followed
by the ‘standard’ and finally the ‘flexible (low)’ method (Table 21). Establishments varied both between
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and within hospitals largely because of the size of wards. Hospital trust B has the highest ward
establishments on average, and trust C has the lowest. The minimum ward nursing support worker
levels do not always follow the general pattern (‘high’ then ‘standard’ then ‘flexible’) because of rounding
whole people/shifts and the requirement for at least one registered nurse to be present on each shift.

Compared with the ‘standard’ (mean average) approach to setting the establishment, the ‘high’ approach
to setting staffing (matching 90th percentile demand) results in an increased establishment of 10% on
average across the four hospital trusts, although there is a greater increase at trust C. The ‘flexible (low)’
staffing approach, by definition, results in establishments that are approximately 20% lower, with
differences arising as a result of rounding whole people/shifts.

Consequences of different approaches to setting establishments

Staff re-deployment and temporary staff
We examined the consequences of the different approaches to setting establishments for the use
of re-deployed staff (i.e. staff moved from a ward with an excess to one with a shortfall), bank staff
and agency staff (see Appendix 4, Table 72). Across all hospital trusts and all approaches to setting
establishments, the proportion of hours worked by re-deployed staff was low. Staff re-deployment was
highest with the ‘high’ establishment and lowest with the ‘flexible (low)’ establishment. By contrast, the
use of bank and agency staff increased as the size of the baseline establishments decreased, with the
‘flexible (low)’ establishments necessitating high use of bank and agency staff, assuming that additional
staff are sought to address staffing shortfalls.

With the ‘high’ staffing establishment, on average across the four hospital trusts < 1% of hours were
provided by staff who had been re-deployed. Trust A had the highest level, at 1.4%. This could in part
be explained by this trust having the greatest average number of wards per directorate across which
staff are shared (3.8 wards per directorate at hospital trust A, compared with 2.8, 3 and 2.7 at hospital
trusts B, C and D, respectively).

TABLE 21 Mean ward (minimum ward, maximum ward) establishments by hospital trust, in care hours per day

Staff group/establishment scenario

Hospital trust

A B C D

All staff

High 170 (72, 318) 220 (84, 624) 92 (48, 150) 183 (120, 240)

Standard 155 (66, 288) 207 (84, 576) 78 (42, 126) 171 (108, 228)

Flexible (low) 125 (48, 228) 166 (66, 456) 66 (30, 108) 136 (84, 186)

Registered nurses

High 87 (48, 156) 125 (42, 420) 68 (36, 108) 88 (60, 132)

Standard 77 (36, 132) 117 (36, 396) 57 (24, 96) 82 (60, 126)

Flexible (low) 63 (36, 114) 93 (36, 318) 46 (24, 84) 65 (42, 102)

Nursing support workers

High 83 (24, 168) 95 (18, 204) 24 (6, 42) 95 (48, 126)

Standard 78 (30, 156) 91 (24, 180) 21 (6, 36) 88 (48, 126)

Flexible (low) 62 (12, 114) 72 (18, 138) 20 (6, 30) 71 (42, 102)

SIMULATION MODEL RESULTS
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With the ‘high’ staffing establishment, the use of bank (2.3%) and agency (1.9%) staff was also low, at
< 5% overall. This contrasts with the establishments set using the ‘standard’ SNCT approach, whereby
the proportion of temporary staff used was, on average, 6.4% across the four hospital trusts, and the
‘flexible (low)’ establishments, whereby 14.4% of hours were worked by bank and agency staff. Bank
staff are used slightly more than agency staff in all four scenarios and at all hospital trusts. As the
availability of temporary staff to fill shifts at short notice in these scenarios is based on empirical data,
which we were able to obtain only from trust B, we look at the impact of alternative assumptions in
our scenario analyses (see Short-notice availability of temporary staff).

Understaffing and overstaffing
Applying the criterion of 15% below the estimated staffing requirement to define understaffing shows
that understaffing is relatively common, irrespective of the approach taken to setting establishments
(Table 22). This is because of variation in patient need and in availability of established staff (due to
sickness absence), staff to re-deploy and temporary staff to hire. In all hospital trusts, the ‘high’ staffing
establishment is associated with substantially fewer understaffed shifts than the ‘standard’ approach.
Considering staffing adequacy by time of day, afternoons have the highest levels of understaffing,
because the probability that requests for bank and agency staff will be fulfilled is lowest at this time of
day in our empirical data (see Appendix 4, Table 73).

Across all hospital trusts, ‘high’ establishments are associated with understaffing on 19% of patient shifts
compared with 31% for the ‘standard’mean-based establishment. The ‘flexible (low)’ staffing establishment is
associated with 63% of patient shifts remaining understaffed, despite re-deployments and the use of bank
and agency staff to cover staffing shortfalls.

The pattern is broadly the same at all hospital trusts. In all cases, both the absolute and the relative risk
differences between the different establishments were substantial, although the magnitude differs
between trusts. The relative risk reduction associated with a ‘high’ staffing establishment compared with
‘standard’ staffing was greatest in hospital trust A (relative risk 0.42) and smallest in trusts B and D
(relative risk 0.73). Trust A also had the greatest relative risk increase associated with the ‘flexible (low)’
staffing strategy (relative risk 3.11), whereas the smallest increase was in trust C (relative risk 1.62).

Whereas understaffing (> 15% short) is common under most scenarios, overstaffing (> 15% surplus) is
relatively rare under most scenarios in most hospital trusts. When establishments are set using the
‘standard’ staffing approach, hospital trusts B and D have 2% of patient shifts with overstaffing. On the
other hand, in hospital trusts A and C, overstaffing is more common (9% and 13%, respectively), but
still far less common than understaffing (on average 18% and 37%, respectively). Under the ‘high’ staffing

TABLE 22 Percentage understaffed and overstaffed patient shifts (relative risk compared with ‘standard’ staffing)

Staffing adequacy/
establishment
scenario

Hospital trust, % (relative risk) Average across
hospital trusts, %
(relative risk)A B C D

Understaffing

High 7.5 (0.42) 26.4 (0.73) 16.3 (0.44) 25.1 (0.73) 18.8 (0.60)

Standard 17.9 35.9 37.3 34.2 31.3

Flexible (low) 55.7 (3.11) 69.8 (1.94) 60.5 (1.62) 67.0 (1.96) 63.2 (2.02)

Overstaffing

High 18.8 (2.14) 5.3 (2.39) 30.8 (2.36) 4.8 (2.04) 14.9 (2.26)

Standard 8.8 2.2 13.1 2.3 6.6

Flexible (low) 1.0 (0.11) 0.3 (0.13) 4.6 (0.35) 0.2 (0.08) 1.5 (0.23)
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scenario, overstaffing becomes more common, although the level relative to understaffing varies across
trusts, remaining at low levels in trusts B and D but at higher levels than understaffing at trusts A
and C. Under the ‘flexible (low)’ scenario, overstaffing is rare at all trusts (< 5%).

At ward level there was considerable variation in understaffing (the percentage of understaffed patient
shifts ranged from 7% to 80% under the ‘standard’ staffing scenario) but less variation in overstaffing
(the corresponding range was from 0% to 35%). There is a moderate negative correlation between the
percentage of shifts that are overstaffed and the percentage of shifts that are understaffed (ρ = –0.460;
p < 0.01). As overstaffing increases, understaffing decreases, but the relationship is not strong. Across all
82 wards in the simulation model, the standard approach to setting the establishment was associated with
understaffing more than 50% of the time on 14 wards. These wards came from all four hospital trusts.
Eleven of these wards were medical wards, of which nine were medicine for older people. In almost all of
the 82 wards, understaffing was more common than overstaffing, and only two wards were overstaffed
more than one-third of the time (34% and 35%). In three wards, understaffing and overstaffing were
equally common (±1%), and in four wards overstaffing was more common than understaffing; no obvious
pattern with regard to ward specialty emerged, although only two of these seven were medical wards.
The rate of understaffing was not significantly correlated with ward size (measured as number of beds,
ρ = –0.13; p = 0.239), whereas the rate of overstaffing showed a moderate negative correlation with the
number of beds on the ward (ρ = –0.55; p < 0.001).

Costs

At all hospital trusts, total costs increase as the ward establishments increase (Table 23). This is
because of the higher costs of employing permanent staff. Although the temporary staff costs change
in the opposite direction (increased costs of hiring temporary staff with lower establishments), the
changes in permanent staff costs have a greater effect, in part because of limited availability of
temporary staff, an issue that we explore further in Short-notice availability of temporary staff. The cost
per patient-day is variable between wards within trusts. Staffing costs associated with ‘high’ staffing
establishments were, on average, £11 per patient-day (8%) higher than with ‘standard’ establishments,
while staffing costs associated with ‘flexible (low)’ establishments were, on average, £15 per patient-
day (11%) lower than with ‘standard’ establishments. The relationship between understaffed shifts,
establishment and costs is similar at all trusts: the higher the establishment, the higher the cost, but
the fewer shifts classified as understaffed (Figure 5).

Scenario analyses

Short-notice availability of temporary staff
Given that we have data on the probabilities of bank and agency staff being available at short notice
for only one hospital trust, we investigated the impact of alternative assumptions about the availability
of temporary staff. We assessed the impacts of various combinations of assumptions under which bank
and/or agency staff were more available with limited but still constrained availability (50%), largely

TABLE 23 Mean cost per patient-day (minimum ward, maximum ward) of alternative methods for setting ward
establishments

Establishment scenario

Hospital trust

A B C D

High £136 (£114, £183) £144 (£110, £173) £169 (£142, £188) £137 (£125, £152)

Standard £125 (£105, £162) £138 (£96, £170) £148 (£119, £177) £132 (£120, £146)

Flexible (low) £110 (£91, £135) £125 (£83, £155) £130 (£111, £150) £119 (£107, £133)

SIMULATION MODEL RESULTS
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unconstrained availability (90%) and unlimited availability (100%). This contrasts with a maximum
empirical availability of 37% for bank shifts (for support workers on weekday evenings/nights) and 45%
for agency staff (for registered nurses on weekday evening/nights) (see Appendix 1, Tables 36 and 37).

Regardless of the assumptions about temporary staff availability, the proportion of understaffed patient
shifts increases as the permanent staffing levels decrease owing to the lower efficiencies (assumed) of
re-deployed and temporary staff, as well as the buffer before additional staff are requested (Table 24).
When a higher availability of bank and agency staff is assumed, the difference between scenarios reduces
in terms of both the cost per patient-day and the percentage of understaffed patient shifts, although the
general pattern remains the same. Increasing the availability of temporary staff also increases the costs
of each scenario because of the cost of hiring additional temporary staff, and reduces the percentage of
understaffed patient shifts.

Overall, the smallest impact of varying temporary staff availability assumptions is for the ‘high’ staffing
establishments. On average across the four hospital trusts, the scenario with highest cost for standard
staffing levels assumed high availability of both bank and agency staff (set at 90% for each). For the
‘high’ staffing establishments, this reduced the percentage of understaffed patient shifts by 14% (from
18.8% to 4.8%) while increasing costs by £7 per patient–day (from £147 to £154). By contrast, this
scenario reduced understaffed shifts associated with the ‘flexible (low)’ staffing establishment by 44.6%
(from 63.2% to 18.6%) but increased costs by more than £22 per patient–day. However, this reduction
in understaffed shifts relies on a somewhat unrealistic assumption about the availability of bank and
agency staff. This ‘flexible (low)’ staffing approach combined with high temporary staff availability
achieves much the same results at a similar cost to the ‘high’ staffing strategy under the assumptions
about bank and agency staff availability based on empirical data.

No internal re-deployment
We explored the contribution of internal re-deployment to understaffing under the different staffing
establishment scenarios and assumptions about temporary staff availability from the bank or agency.
The contribution is small. Between the experiments with internal re-deployment (our baseline
assumption) and those without, the percentage of understaffed patient shifts changed by fewer than
2 percentage points for all hospital trusts and under all scenarios (see Appendix 4, Table 76). There is
an increase in cost (of less than £2 per patient-day for all hospital trusts and under all scenarios) when
there is no internal re-deployment, as more money is spent on temporary staff instead.
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FIGURE 5 Costs vs. understaffing for alternative methods for setting ward establishments at different hospital trusts.
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TABLE 24 Percentage of understaffed patient shifts (%) and cost per patient-day (£) under different assumptions about temporary staff availability

Availability of
temporary staff/
establishment
scenario

Hospital trust A Hospital trust B Hospital trust C Hospital trust D
Average across hospital
trusts

Understaffed
shifts (%)

Cost per
patient-day
(£)

Understaffed
shifts (%)

Cost per
patient-day
(£)

Understaffed
shifts (%)

Cost per
patient-day
(£)

Understaffed
shifts (%)

Cost per
patient-day
(£)

Understaffed
shifts (%)

Cost per
patient-day
(£)

Empirical

High 7.5 136 26.4 144 16.3 169 25.1 137 18.8 147

Standard 17.9 125 35.9 138 37.3 148 34.2 132 31.3 136

Flexible (low) 55.7 110 69.8 125 60.5 130 67.0 119 63.3 121

Bank and agency 50%

High 5.4 137 14.0 151 12.2 173 12.0 144 10.9 151

Standard 12.3 128 19.9 147 28.3 155 17.5 141 19.5 143

Flexible (low) 36.8 118 43.3 141 47.1 144 39.5 135 41.7 134

Empirical bank, agency 90%

High 4.9 137 8.5 155 11.1 174 5.9 149 7.6 154

Standard 10.6 129 12.5 153 26.4 158 9.3 146 10.9 150

Flexible (low) 29.7 123 28.5 152 44.4 149 24.6 145 31.8 142

Bank 50%, agency 90%

High 4.6 137 6.6 155 10.3 174 3.6 148 6.3 154

Standard 9.9 129 9.9 153 24.0 159 5.8 146 12.4 147

Flexible (low) 26.3 122 21.0 151 39.7 150 16.0 145 25.8 142

Bank 90%, agency 90%

High 4.2 138 4.7 156 8.9 175 1.3 149 4.8 154

Standard 9.0 129 7.4 153 20.7 160 2.2 147 4.8 150

Flexible (low) 21.9 123 13.6 152 32.6 152 6.2 146 18.6 143

Bank 50%, agency 100%

High 4.3 138 5.0 156 9.6 175 1.6 150 5.1 155

Standard 9.3 129 7.8 154 22.6 159 2.8 147 10.6 147

Flexible (low) 23.8 124 15.1 154 37.3 151 9.2 147 21.4 144
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Data sample to determine the establishment
We compared four alternative data samples used to set the ward establishments. Our core models
used an establishment set using the first 20 available weekdays in June (or alternatives as specified in
Chapter 3, Data sources, if June data were not available). To examine the effect of using this specific
sample, we compared the results using a similar sample from data in January, an establishment based
on the mean of all available data (‘all’) and a sample from the first two weekdays of each month (‘months’).
Although not entirely consistent across all hospital trusts, establishments set using a sample of days in
January resulted in establishments that were, on average, higher than using a sample of days in June
(Table 25; see also Appendix 4, Table 74). The exception to this pattern, a specialist hospital trust (trust C),
may be less subject to seasonal fluctuation. Establishments based on all available data corresponded
closely with June establishments. On the other hand, establishments based on a 2-weekday sample per
month, while always higher than establishments based on a June sample, were more variable, although
in three of the four trusts they were, on average, within 0.6 WTE staff per ward of the estimate based
on all data.

The simulation results show that using different data samples for setting the establishment makes
much less difference to the percentage of patient shifts that are understaffed than does using different
methods to determine the establishment. Furthermore, in all cases, the pattern of results, and hence
the substantive conclusions about the approach to using the SNCT sample to set an establishment, was
largely unchanged (see Appendix 4, Table 75). Daily staffing cost differences associated with different
samples used to set the establishments follow a similar pattern to the establishment size, although
the larger differences are attenuated because larger establishments require fewer temporary staff.
For example, in hospital trust D the standard approach to setting the establishment results in an 8.5%
higher establishment when using a sample from January than when using a sample from June. However,
costs are increased by only 4.7% and there are fewer understaffed shifts. A greater availability of
temporary staff would further attenuate these differences.

What if a different criterion for ‘understaffing’ is used?
We compared our baseline understaffing measure (> 15% short) with two alternative criteria for
understaffing: absolute understaffing and at least one person (6 hours) short. We also looked at the
staff groups involved in understaffing (registered nurse shortfall, nursing support worker shortfall,
both and either). The pattern of results, in terms of the relative effect of different approaches to
determining the establishment, is unchanged (see Appendix 4, Table 77).

With the ‘standard’ (mean) approach to setting establishments using the SNCT, there is some degree of
understaffing on 75% of patient shifts across all hospital trusts on average. This reflects the shapes of
distributions of demand at ward level, with left-skewed distributions (where the median tends to be
higher than the mean) in one-third of wards, as well as a range of real-world issues, including needing
to roster whole people to shifts, variable patient need within SNCT acuity/dependency categories,
unpredictable staff sickness and additional specialing requirements. Using the ‘flexible (low)’ (80% of

TABLE 25 Average establishment per ward in WTE based on different samples under ‘standard’ staffing, and percentage
(%) difference compared with ‘June’ sample

Data sample

Hospital trust

A B C D

June 35.4 – 47.2 – 17.8 – 38.8 –

January 36.9 4.2% 47.6 0.8% 17.8 0.0% 42.1 8.5%

Months 36 1.7% 47.5 0.6% 19.4 9.0% 40.5 4.4%

All 35.4 0.0% 47 –0.4% 17.9 0.6% 40.2 3.6%

Range between data samples 1.5 0.6 1.6 3.3
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the mean) approach to setting establishments results in 95% of patient shifts with some degree of
understaffing on average across the four hospital trusts. Even with the ‘high’ establishment designed to
meet need 90% of the time in the baseline period, 58% of shifts have some degree of understaffing
because of the issues mentioned above.

Under some hospital trust scenarios, the percentage of understaffed patient shifts using the 15%
criterion for understaffing is higher than the percentage of patient shifts with at least one person
short, whereas under other hospital trust scenarios the opposite is true. This is because, in relatively
small wards, the understaffing criterion will be reached before the ward is one person short, whereas
the opposite is true in relatively large wards.

Because the overall criterion for understaffing makes no distinction between staff groups, we also
applied the same criterion, of more than 15% below the requirement, to each staff group (registered
nurses and nursing support workers) separately. The number of patient shifts that were understaffed
by either staff group was substantially higher across all hospital trusts and all approaches to setting
the establishment when using a criterion of 15% shortfall by one or other group as the criterion as
opposed to an overall 15% shortfall. Crucially, registered nurse staffing of more than 15% below the
requirement was also usually more common than low overall staffing. On the other hand, low staffing
by both registered nurses and nursing support workers (i.e. both registered nurses and nursing support
workers more than 15% below the requirement) was relatively rare under the ‘high’ establishment
(< 10% on average) but remained frequent under other approaches (> 15% on average).

What if we use a fixed multiplier rather than distinguishing between acuity/dependency
levels when setting establishments?
The average multiplier across all patients in all hospital trusts is 1.57 (1.57 at trust A, 1.58 at trust B, 1.53
at trust C and 1.56 at trust D). If ward establishments are determined by applying this multiplier to the
number of patients, rather than using the level-specific multipliers, overall, there is little difference to the
level of understaffing on average across wards except in trust C. In trusts A and B on an average ward
understaffing is increased by 2 percentage points, whereas it is reduced by 2 percentage points in trust D
and by 10 percentage points in trust C (see Appendix 4, Table 78). However, average ward overstaffing
increases in all trusts, especially trusts A (by 6 percentage points) and C (by 7 percentage points). There is
more variation at the ward level, with ranges between wards typically increased when using the fixed
multiplier, reflecting a worse match to staffing requirements in individual wards.

Across all 82 wards, using the fixed multiplier increased the number of wards with understaffing more
than 50% of the time to 17 (compared with 14). This group of wards with high levels of understaffing
now includes four mixed medical/surgical wards, two surgical wards and 11 medical wards (mostly care
of older people). Four wards (compared with two) were understaffed more than one-third of the time
and overstaffing was as common as (two wards) or more common than (13 wards) understaffing in a
total of 15 wards (compared with four).

Vacancies
Given the problems with high vacancy rates for nursing staff, we also investigated a scenario in which
the ward establishments are set at the mean requirement across a baseline period (as for ‘standard’
staffing), but there are vacancies, set at 10%. This scenario leads to achieved ward establishments that
are between ‘standard’ staffing and ‘flexible (low)’ staffing (see Appendix 4, Table 79).

Correspondingly, the average percentage of understaffed patient shifts and cost per patient-day
also lie between the results for these two scenarios (Figure 6). However, when assuming high
availability of temporary staff (90% rather than the empirical availability), for two of the hospital
trusts (B and D), the ‘vacancies’ scenario costs the same as the ‘flexible (low)’ staffing scenario
but with almost 10 percentage points fewer understaffed patient shifts (Figure 7). See Appendix 4,
Table 80 for results for different availabilities of temporary staff.
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Specific skills: intravenous-trained registered nurses
Our modelling of scenarios and counts of staff shortages has focused on a simple division of staff.
However, wards often need to consider the presence of staff in the team who have specific skills.
To illustrate these challenges, we repeated our core model, using the standard approach to setting
the establishment using the SNCT, with a requirement that each shift had at least one intravenous
(IV)-trained registered nurse (see Appendix 4, Table 81).

As the percentage of registered nurses that are IV-trained increases, the percentage of patient shifts
with no IV-trained registered nurse decreases. The relationship is non-linear; there are diminishing
returns as the percentage of IV-trained nurses increases. The same percentage of IV-trained registered
nurses leads to a range of results across different hospital trusts. For example, having 10% of
registered nurses trained in delivering IV drugs leads to between 53% and 75% of patient shifts with
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no IV-trained nurses. If 60% of registered nurses are IV-trained, the simulation results show that at
all trusts, < 10% of patient shifts would not have an IV-trained registered nurse; for the general
hospital trusts this was achieved with 40% of registered nurses trained.

Multiway sensitivity analysis
To understand the sensitivity of our models to the assumptions that we made, we tested the impact of
seven factors on the percentage of understaffed patient shifts and the cost per patient-day using a 27

factorial design and calculating 95% confidence intervals for their effects. We ran the model across the
four hospital trusts and found little variation between them. Consequently, we present average results
from across all four trusts (see Appendix 4, Table 82).

Reducing the chances of short-notice absence for nursing support workers (from 4% to 3%) or
increasing it for registered nurses (from 3% to 4%) made less than a 1% absolute difference to the rate
of understaffed shifts. Changing the re-deployment pool from a limited pool (within the directorate)
to the whole hospital reduced the rate of understaffing by < 0.5%. If bank staff are assumed 100%
efficient (vs. 90% efficient) understaffing is reduced by 0.8%, and if we assume 100% efficiency of
agency staff (vs. 75% efficiency) understaffing is reduced by 1.3%. We had no data about variation
of patients’ actual staffing needs within acuity/dependency levels, such as the extent to which needs of
patients categorised as level 1a differ from the level 1a multiplier. We made an assumption of modest
variation (10% of the mean), but a difference between 0% and 25% had the effect of reducing
understaffing by 1% on average.

Only the assumption about rounding, whereby requests for additional staff (permanent, re-deployed or
temporary) were made in whole units (6 or 4 hours) and so requests were only triggered if at least 0.5
units of staff were needed, made a substantial difference to understaffing rates. For example, this
meant that if there was a measured staffing deficit (≥ 15%) a request for more staff would not be
made if less than half a person was needed to meet the shortfall. A request for 1.4 staff would be
rounded down to 1 and a request for 1.6 staff would be rounded up to 2. Had we assumed that the
required staff would always be rounded up (so 1.1 staff required would be rounded up to 2), there
would have been a large reduction in understaffing (14.3%). This factor was also the only one that
had any substantial effect on costs (increasing them by about £3.50 per patient-day on average).
All two-way interaction effects between pairs of factors were small: at most 0.5% absolute change
in percentage patient shifts and at most £0.11 change in cost per patient-day in any hospital trust
(see Appendix 4, Table 83).

Chapter summary

l Our simulation model used data from our observational study to model the consequences and costs
of setting the establishment using the SNCT – ‘high’ establishments (set to match the level of
demand observed on 90% of occasions) and ‘flexible (low)’ establishments (set to meet 80% of the
average observed need) compared with the ‘standard’ approach whereby staffing is set to meet
mean demand.

l In all cases, we assumed that hospital trusts would attempt to make up staffing shortfalls using
internal re-deployment of staff between wards, or hire from a bank or agency.

l Compared with the ‘standard’ (mean average) approach to setting the establishment, the ‘high’
establishments were 10% higher, on average, across the four trusts.

l The ‘flexible (low)’ staffing approach results in establishments that are approximately 20% lower
than standard (mean) based establishments.

l For our core models we used empirical data obtained from one hospital trust to estimate the
availability of temporary staff.

l Understaffing is common in all simulations.
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l Despite using temporary staff, the ‘flexible (low)’ establishments resulted in 63% of patient shifts
falling ≤ 15% below the required staffing level on average across hospital trusts.

l The ‘standard’ establishments resulted in 31% of patient shifts with understaffing.
l The ‘high’ staffing establishments resulted in 19% of patient shifts with understaffing.
l Staffing that was > 15% above the requirement was less common, occurring on 15% of patient

shifts when using ‘high’ establishments, 7% of patient shifts when using ‘standard’ establishments
and < 2% of patient shifts when using ‘flexible (low)’ establishments.

l Increased staffing costs associated with the ‘high’ staffing establishments varied by hospital trust,
but were, on average, £11 per patient-day higher (8%).

l Low staffing establishments were associated with daily savings of £15 per patient-day (11%).
l The differences in both understaffed shifts and costs between establishment scenarios reduce if

greater availability of temporary staff is assumed.
l If it is assumed that bank staff can fulfil 50% of late requests and there is unlimited availability of

agency staff, ‘high’ staffing establishments are associated with understaffing on 5.1% of patient shifts
and an increased staff cost of £8 per patient–day (5%).

l Even with high availability of temporary staffing, ‘flexible (low)’ establishments are associated with
high rates of understaffing because a threshold based on ‘whole people’ has to be reached to trigger
a request for additional staff, actual patient need varies and we assume temporary staffing to be
less efficient.

l Assuming unlimited agency availability, ‘flexible (low)’ establishments are associated with understaffing
on 21.4% of patient shifts and a cost saving of only £3 per patient-day (2%).

l The use of internal re-deployment had a small (but mainly beneficial) effect on rates of understaffed
patient shifts (< 2%) and daily costs (< £2 per patient-day).

l We found that adding a requirement for a nurse with a specific skill (in this case training to
administer IV drugs) meant that if 60% of nurses were trained at each hospital trust, > 90% of patient
shifts were properly staffed.

l Multiway sensitivity analysis indicated that results were only marginally affected by most of the
assumptions made in the model.

l Assumptions for short-notice absence rates, whole-hospital versus restricted re-deployment pool,
relative efficiency of temporary staff, and variation in need around each acuity/dependency multiplier
made small differences to the rates of understaffed patient shifts (all < 1.5%) and negligible differences
to costs (at most £0.20 per patient-day) on average across the four hospital trusts.

l Assumptions about the number of staff to request made quite large differences to the rate of
understaffed patient shifts; if all requests were rounded up rather than rounding up/down to the
nearest whole number, the rates of understaffing dropped by 14% in the ‘standard’ staffing scenario
and the daily costs increased by £3.53, on average, across the four hospital trusts.

Interpretation

The tool’s guidelines suggest employing enough staff to meet demand on an average day. As hospitals
have the potential to meet demand for nursing care with temporary staff when demand is higher than
the establishment provides, and can re-deploy staff from potentially overstaffed wards to understaffed
wards, we set out to compare how often understaffing might occur with different approaches to using
the tool to set the establishment. We compared the standard approaches with a higher establishment
(enough to meet demand on 90% of days) and with a lower establishment (to meet 80% of mean
demand). We developed a computer program that simulates the staff required, staff available and staff
reassigned to other wards, in addition to the hiring of extra temporary staff.

Employing enough staff to meet demand on an average day (the standard approach) led to about
one-third of patient shifts being substantially understaffed in the simulation because there is limited
availability of re-deployable and temporary staff, and they are less efficient than permanent staff.
Mismatches also arise when demand is not a round number, as staff work specific shift lengths.
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Furthermore, the true demand is unknown at the start of the shift owing to different patient needs
even within the same acuity/dependency level.

Employing fewer nursing staff than in the standard approach is cheaper, but substantial understaffing
occurs on two-thirds of patient shifts because reassigned and temporary staff cannot make up
shortfalls. The rate of understaffing remains high even when we assume that temporary staff are
nearly always available to make up shortfalls, and in this situation cost savings become minimal.

Employing more nursing staff than in the standard approach is more expensive, but it substantially
reduced the rate of understaffed shifts in the simulation. We look at the trade-off between the impacts
of understaffing and costs in the next chapter.
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Chapter 7 Cost-effectiveness

In this chapter, we seek to model the relative cost-effectiveness associated with different approaches
to setting establishments using the SNCT under varying conditions. We investigate the impact of

patients’ exposures to lower than average staffing and high (> 1.5 hours per day) temporary staffing on
costs and mortality. We consider both staff costs and costs accounting for changes in lengths of stay
due to staffing levels.

Effects of low staffing

Average results of the costs across the three hospital trusts for the consequences and cost-effectiveness
of different approaches to using the SNCT to set establishments under varying assumptions about
temporary staffing are summarised in Table 26. For more detailed reports with ranges between the three
hospital trusts, see Report Supplementary Material 5, Table 101.

Using our baseline assumptions about temporary staffing availability – that is, based on the empirically
observed availability – staff costs are increased by 5.5% when using ‘high’ staffing establishments and
reduced by 10.8% when using the ‘flexible (low)’ establishments.

‘High’ establishments are associated with a 1.2% reduction in bed-days used, and a relative reduction
of 4.5% in the risk of death, equating to one life ‘saved’ for every 665 patients admitted to a hospital
(number needed to treat) using this establishment. The additional staff cost per life saved is £20,423,
with a net cost (after taking account of the value of bed-days saved) of £9506 per life saved.

By contrast, ‘flexible (low)’ establishments are associated with an 8.3% increase in the risk of death,
equating to one additional death for every 361 patients admitted (number needed to harm) with a
negative incremental cost-effectiveness ratio. This negative ratio can be interpreted as the cost per life
saved associated with the ‘standard’ (SNCT mean-based) establishment when compared with the ‘flexible
(low)’ establishment. Staff cost per life saved is £22,910, with a net cost per life saved of £13,967. In very
simple terms, the cost-effectiveness of ‘high’ establishments relative to ‘standard’ is similar, indeed
marginally better, than that of the ‘standard’ compared with ‘flexible (low)’ establishments.

If no temporary staff were used and there were no re-deployments, the differences between the
scenarios based on the three approaches to setting establishments are maximised because differences
simply reflect the establishments themselves. Compared with the ‘standard’ establishment, staff costs
would be increased by 7.8% for ‘high’ establishments and reduced by 19.9% for the ‘flexible (low)’
establishments.

Under these assumptions, ‘high’ establishments were associated with a 1.4% reduction in bed-days used
and a 4.2% reduction in deaths, which equates to one life ‘saved’ for every 762 patients admitted (NNT
762). Relative to the ‘standard’ establishment scenario, the staff cost per life saved is £32,129 with a net
cost per life saved of £16,323. By contrast, ‘flexible (low)’ staffing establishments were associated with a
19.9% reduction in staff costs, a 2.4% increase in bed-days used and a 13.5% increase in deaths – one
additional death for every 219 admissions (NNH). The negative cost-effectiveness values reflecting the
relative value of moving from the ‘flexible (low)’ establishment to ‘standard’ are £23,874 per life saved
(staff costs only) or £15,981 net.

The assumption of no flexible staffing whatsoever is, of course, completely unrealistic. However, it does
serve as a useful base against which to compare the effect of varying the assumptions about temporary
staff availability and internal hospital re-deployments because, as we saw earlier, it is clear that
conclusions may be highly sensitive to these assumptions, particularly in relation to the availability of
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TABLE 26 Costs, consequences and cost-effectiveness of ‘high’ and ‘flexible (low)’ establishment scenarios relative to ‘standard’ (mean-based) establishments (effects of low staffing only)

Parameter Staff cost (%) Bed-days (%) Deaths (%) NNT (NNHa) Staff cost/life (£) Net cost/life (£)

Establishment approach High
Flexible
(low) High

Flexible
(low) High

Flexible
(low) High

Flexible
(low) High

Flexible
(low) High

Flexible
(low)

Availability of temporary staff and re-deployment

No temporary staff (NR) 7.8 –19.9 –1.4 2.4 –4.2 13.5 762 (219) 32,129 –23,874 16,323 –15,981

No temporary staff (WR) 7.8 –19.9 –1.4 2.4 –4.5 13.4 663 (222) 27,663 –23,970 14,608 –16,067

Empirical availability of temporary staff (NR) 5.7 –11.0 –1.2 1.7 –4.5 8.7 660 (357) 21,324 –23,121 9586 –14,214

Empirical availability of temporary staff (WR) 5.5 –10.8 –1.2 1.7 –4.5 8.3 665 (361) 20,423 –22,910 9506 –13,967

50% bank, 50% agency staff availability (NR) 4.2 –5.7 –1.0 0.8 –3.8 4.7 828 (690) 18,687 –22,759 8390 –14,621

50% bank, 50% agency staff availability (WR) 4.0 –5.5 –1.0 0.8 –3.8 4.4 873 (719) 18,278 –22,956 8113 –14,381

50% bank, 90% agency staff availability (NR) 3.5 –2.8 –1.0 0.4 –3.4 2.6 1058 (1357) 17,845 –17,976 7436 –10,409

50% bank, 90% agency staff availability (WR) 3.2 –2.4 –0.9 0.4 –3.1 2.4 1140 (1666) 17,454 –16,803 6146 –8301

50% bank, 100% agency staff availability (NR) 3.2 –2.2 –0.9 0.3 –3.2 2.3 1106 (2372) 17,100 –12,989 6136 –5646

50% bank, 100% agency staff availability (WR) 2.9 –1.6 –0.9 0.3 –3.0 1.9 1272 (2828) 16,464 –10,347 5524 –946

NR, no re-deployment; WR, with re-deployment.
a Number needed to harm (i.e. number of patients exposed for each additional life lost).
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temporary staff. As assumptions about the availability of temporary staff become more ‘generous’,
there is a general trend for differences in costs and consequences between the different
establishments to reduce.

Under the ‘flexible (low)’ establishment scenario, both associated harms and cost savings are substantially
decreased for any assumptions about temporary staffing when compared with the zero availability
assumptions.Whereas staff costs are reduced by 19.9% relative to the ‘standard’ establishment when
there are no temporary staff – reflecting the simple reduction in the establishments – when we assume
empirical availability of temporary staff, cost savings relative to the ‘standard’ establishment are
decreased to 10.8% (allowing for internal re-deployment). There is also a lesser impact on the death rate
(a rise of 8.3% relative to the ‘standard’ establishment, vs. 13.5%) with the number needed to harm
increased to 361 versus 219.

The relative cost-effectiveness of the ‘standard’ establishment compared with the ‘flexible (low)’
establishment is largely unchanged in the face of limited availability of temporary staff (empirical or
50% availability for both bank and agency). However, with high availability of temporary staff, the cost
per life saved associated with the ‘standard’ [vs. ‘flexible (low)’] establishment is considerably lower,
reducing to £10,347 per life saved if 100% availability of agency staff (with internal re-deployment)
is assumed (£946 net of length of stay savings).

For the ‘high’ establishments, there is a clear trend for both lower relative costs and lower relative
benefits as higher availability of temporary staff is assumed, mirroring changes for the ‘flexible (low)’
establishment scenario. However, the effect of increasing availability of temporary staffing is less
marked because the original high establishment meets needs more often. Under the scenario with
the most opportunity for hiring additional staff above the employed establishment (50% availability
of bank, 100% availability of agency with internal re-deployment), staff costs of the ‘high’ staffing
establishment relative to the ‘standard’ establishment are increased by 2.9% and the staff cost per life
saved is estimated to be £16,464 (£5524 net of length of stay savings).

Allowing re-deployment of permanent staff between wards (before requesting temporary staff) consistently
leads to lower estimates of cost per life saved associated with ‘high’ establishments. However, the
differences are relatively small (< £1000) for all assumptions except no availability of temporary staff.

Temporary staffing effects

In our core models reported above, we assumed that deployed temporary staff were as effective as
deployed permanent staff. However, there is some evidence that such staff may be less effective,
and some studies have reported that higher levels of temporary staff are associated with increased
mortality risk. In our recent study from which the coefficients for the effect of low staffing in the core
economic models were derived, we observed that there was evidence of increased mortality when patients
experienced very high levels of temporary staffing from either registered nurses or health-care support
workers (1.5 HPPD or more). In determining the likely effect of different staffing policies, especially
the ‘flexible (low)’ staffing policy, this is important to consider, as temporary staff will be deployed more
often and in greater numbers. Therefore, we added the effect of high levels of temporary staffing to
revise the mortality estimate used in the models reported above.

The pattern of results is largely unchanged but the relative advantages of higher establishments is
much greater when greater availability of temporary staff is assumed (Table 27). For example, with
50% availability of temporary staff the ‘high’ staffing establishment is associated with a 4.4% reduction
in deaths, compared with 4.0% when modelling low staffing effects only. With higher availability of
temporary staff (50% bank and 90% agency), the ‘high’ staffing establishment is associated with a 4.1%
reduction in deaths, compared with 3.2% when modelling low staffing effects only.
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The relative harm of ‘flexible (low)’ establishment scenarios is increased to a much greater extent
when considering adverse effects associated with high use of temporary staff. For 50% availability of
temporary staff the increase in mortality associated with the ‘flexible (low)’ establishment is estimated
as 8.1%, compared with 4.4% when modelling low staffing effects only.

Consequently, the estimates of cost-effectiveness become more favourable for higher establishments,
especially when availability of temporary staff is high. For example, if 50% bank, 90% agency availability
(with internal re-deployment) is assumed, the staff cost per life saved is £12,572 (net cost £3978) for the
‘high’ establishment scenario, compared with £17,454 (net cost £6146) when considering low staffing
effects alone.

Costs and consequences of changing establishments at hospital trust level

To help understand what these results mean at a hospital trust level, we explored them in the context of
each trust’s annual turnover. Trust A, which has an annual turnover of about £250M, would spend £1.7M
(< 1% of turnover) more on nursing with ‘high’ establishments than with ‘standard’ establishments. We
also predict that ‘high’ establishments would be associated with 67 fewer deaths per year than ‘standard’
establishments.

Hospital trust B, which has an annual turnover of > £500M, would spend £1.9M (< 0.5% of turnover)
more on nursing with ‘high’ establishments than with ‘standard’ establishments. Here we predict that
‘high’ establishments would be associated with 126 fewer deaths per year than ‘standard’ establishments.
In trust B, we found that in the 50% bank and 100% agency availability scenario, ‘flexible (low)’
establishments cost more (+£73,000) than ‘standard’ establishments, with 261 extra deaths predicted.

Finally, hospital trust D has an annual turnover of > £800M, and would spend < £1M (0.1% of turnover)
more on ‘high’ than ‘standard’ establishments, with a corresponding 54 fewer deaths.

TABLE 27 Costs, consequences and cost-effectiveness of ‘high’ and ‘flexible (low)’ staffing establishment scenarios vs.
‘standard’ mean-based establishments (effects of low staffing and high temporary staffing)

Parameter Deaths (%) NNT (NNHa) Staff cost/life (£) Net cost/life (£)

Establishment approach High
Flexible
(low) High

Flexible
(low) High

Flexible
(low) High

Flexible
(low)

Availability of temporary staff (all with re-deployment)

No temporary staff –4.7 14.6 632 (204) 26,423 –22,053 13,803 –14,782

Empirical availability of
temporary staff

–4.7 9.9 627 (304) 19,390 –19,173 8876 –11,689

50% bank, 50% agency staff
availability

–4.4 8.1 703 (381) 15,269 –12,549 6369 –8013

50% bank, 90% agency staff
availability

–4.1 8.0 744 (401) 12,572 –6366 3978 –3932

50% bank, 100% agency staff
availability

–4.1 8.1 766 (405) 11,305 –4783 3292 –3072

a Number needed to harm (i.e. number of patients exposed for each additional life lost).
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Sensitivity analyses

We focus reporting sensitivity analysis on the cost-effectiveness estimates derived from the low
staffing (only) models, although estimates based on low staffing and high temporary staffing effects
would in all cases show similar sensitivities.

Mortality estimates
Unsurprisingly, estimates of cost-effectiveness are sensitive to the precision of the effect estimates
for mortality (see Appendix 5, Table 84). If the high estimate effect is used (based on the upper
bound of the 95% confidence interval for effectiveness), the cost-effectiveness estimates for higher
establishments are substantially more favourable. With empirical availability of temporary staff
(with internal re-deployment), the staff cost per life saved for the ‘high’ establishment is £12,328
compared with the ‘standard’ establishment. Assuming 50% bank and 90% agency availability
(with re-deployment), the estimated staff cost per life saved is reduced to £10,567.

If the lower confidence interval for the effect of low staffing on mortality is used, the cost per life
saved for the ‘high’ establishment scenarios compared with ‘standard’ establishments exceeds £50,000
per life saved under all assumptions about temporary staffing availability. Under the empirical availability
of temporary staffing, the staff cost is £62,257 per life saved. However, the net cost per life saved
(accounting for the value of reduced hospital stays), if any availability of temporary staff is assumed, is
below £30,000. Assuming 50% bank and 90% agency availability (with re-deployment), the net cost per
life saved is £18,266.

Cost of additional bed-days
Increases in the estimated cost of additional days of stay lead to reduced estimates of the (net) cost
per life saved. A 25% increase reduces the estimated net cost per life saved associated with the high
establishment and empirical availability of bank and agency staff from £9175 to £6381. The relative
decrease is greater with more availability of temporary staff, with the estimate reducing from £6146 to
£3320 under the assumption of 50% availability of bank and 90% availability of agency (with internal
re-deployment).

Cost of agency staff
If the costs of agency staff are increased by 25%, the relative increase in staff costs associated with
higher establishments are reduced, albeit not substantially. For empirical availability of temporary staff,
staff costs for the ‘high’ establishment are 5.3% higher than the ‘standard’ establishment (vs. 5.5% with
base assumptions about agency staff costs). The net cost per life saved is reduced to £8636 (vs. £9506).

The effects of changing this cost assumption are greater with higher temporary staff availability. If 50%
availability of bank and 100% availability of agency staff are assumed, the ‘high’ establishment costs
2.4% more than the ‘standard’ (vs. 2.9% using our base assumptions on costs of agency staff). The net
cost per life saved in this model is £1212 (vs. £5524). Under this assumption, the ‘flexible (low)’
establishment is associated with a staff cost increase of 0.2% compared with the ‘standard’ staffing
establishment (vs. a decrease of 1.6%).

Cost of bank staff
We assumed that bank staff would be cheaper than permanent staff as 50% might choose not to make
pension contributions. This assumption does not substantively change conclusions, although it slightly
reduces the cost-effectiveness estimates associated with higher establishments. For example, removing
this assumption (i.e. assuming that bank staff cost the same as permanent staff) changes the net cost
per life saved with the empirical estimate of temporary staff from £9506 to £9273. If 50% availability
of bank staff is assumed (with 50% agency), the cost per life saved is estimated to be £7389 (vs. £8313
under base cost assumptions).
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Use of bank or agency staff
To determine the effect of using agency staff rather than bank staff when modelling flexible staffing
policies, we estimated the costs of ‘all bank staff’ scenarios. We did this by reducing the estimated cost
of agency staff by 10% to approximate the cost of bank staff. This made little difference to substantive
conclusions, although the effects were greater when assuming higher availability of agency staff. Under
empirical availability of temporary staff, the staff cost increase of the ‘high’ establishment over the
‘standard’ establishment barely changed (cost increase changed from 5.5% to 5.6%) between using
both bank and agency staff and using bank staff only, with little consequent impact on cost per life
saved. Net cost per life saved is increased marginally to £9854 when using bank staff only (vs. £9506
under base assumption). The differences are greater with higher availability of temporary staff. In the
100% availability scenario, the net cost per life saved in the ‘high’ staffing establishment is increased to
£7248 when using bank staff only (from £5524).

Cost of nursing support workers
Finally, as there is a move toward employing more and more highly trained assistant staff who might
command higher salaries (e.g. nursing associates), we modelled the effect of a 10% increase in the pay
of nursing support worker staff only. Again, the effect of this variation was small and had little impact
on substantive conclusions, although the cost-effectiveness was slightly less favourable for higher
establishments because they are associated with higher overall achieved staffing levels. For example,
the estimated net cost per life saved for ‘high’ establishments increased from £9854 to £10,046
assuming empirical availability of temporary staff and from £5524 to £5769 assuming 50% availability
of bank and 100% availability of agency staff.

Chapter summary

l We modelled the costs, effects and cost-effectiveness (in terms of cost per life saved) for the three
general hospital trusts, considering both gross (staff only) and net (including any savings associated
with reduced length of stay) costs.

l We used coefficients from a recent longitudinal observational study and considered the effects of
low (below the mean) staffing, but also, as a secondary analysis, the potential adverse effects
associated with high temporary staffing.

l Our core models assumed a limited availability of temporary staff (based on empirical data from one
hospital trust), and internal re-deployment of staff within directorates.

l ‘High’ establishments are associated with a reduction of 1.2% in bed-days used, and a relative
reduction of 4.5% in the risk of death compared with ‘standard’ establishments, which equates to
one life ‘saved’ for every 665 patients admitted to a hospital (number needed to treat).

l The additional staff cost per life saved is £20,423, with a net cost (after taking account of the value
of bed-days saved) of £9506 per life saved.

l If the potential adverse effects of temporary staffing are included, the number needed to treat is
lower (n = 627), as is the cost per life saved (£19,390 staff costs and £8876 net costs).

l ‘Flexible (low)’ establishments are associated with an 8.3% increase in the risk of death, equating to
one additional death for every 361 patients admitted (number needed to harm).

l The ‘standard’ (SNCT mean-based) establishment when compared with the ‘flexible (low)’
establishment gives a cost per life saved of £22,910 (net cost £13,967).

l As availability of temporary staffing increases, the cost per life saved of higher relative to lower
staffing establishments reduces.

l As availability of temporary staffing increases, the impact of including an estimate of negative
effects associated with temporary staffing also increases.

l With highest availability of temporary staff and including negative effects from temporary staffing,
the staff cost per life saved for ‘high’ establishments compared with ‘standard’ establishments is low,
at £11,305 (£3292 net).
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l Sensitivity analysis shows that substantive conclusions are most sensitive to the estimates of the
effect of low staffing on mortality.

l If higher effects on mortality are assumed, the cost-effectiveness estimates for higher staff
establishments become much more favourable, especially when there is low availability of
temporary staff.

l If lower effects of mortality are assumed, the cost-effectiveness for higher establishments becomes
less favourable, although under all scenarios where temporary staff are available, net cost-effectiveness
of ‘high’ establishments compared with ‘standard’ establishments is < £30,000 per life saved.

Interpretation

In this chapter, we assessed the cost-effectiveness of different approaches to setting ward nurse
staffing establishments. We compared the standard approach (employing enough staff to meet demand
on an average day) with lower and higher staffing levels. Previous studies have shown that understaffing
and greater use of temporary staff increase the risk of in-hospital death and that lower staffing is
associated with longer hospital stays. We used estimates for the sizes of these effects from a recent
study undertaken in one of the participating hospital trusts. We considered both staffing costs and the
costs of lengths of stay associated with changes in staffing levels. We calculated the trade-off between
these costs and the lives saved.

Although more expensive, we found that employing more staff at the level needed to meet the demand
observed on 90% of days could provide value for money compared with the standard approach. Under
almost all assumptions, the additional cost of this higher establishment was < £30,000 per life saved,
and under most assumptions the cost was much lower than this. Including the value of reductions in
length of stay (bed-days saved) further improved the estimated cost-effectiveness, as did including the
potential adverse effects of temporary staff on mortality rates and, importantly, increasing the availability
of temporary staff. Under the circumstances where flexible staffing policies might seem most viable –

where there is unlimited availability of temporary staff to meet any shortfall – we found that the higher
establishment was still associated with fewer deaths, at an estimated cost per life saved (after taking
into account savings from reduced length of stay) of £3292, than the standard establishment. At all
hospital trusts, the investment in employing more staff would cost < 1% of their annual turnover.

On the other hand, using a smaller establishment and using more temporary staff to meet shortfalls
would be associated with a substantial increase in patient deaths. Even assuming unlimited availability
of temporary staff, and thus minimising staffing shortfalls under this scenario, we estimated that there
would be up to one additional patient death for every 405 admissions, after considering the adverse
effect of temporary staffing on patient outcomes. Where more realistic assumptions about temporary
staffing were made, the increase in death rate was much higher. In all cases, the standard establishment
appeared to represent a preferable, cost-effective alternative to this low ‘flexible’ establishment.
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Chapter 8 Discussion and conclusion

Summary of main results

In this observational study, we successfully gathered data about daily nurse staffing requirements using
the SNCT and the staffing levels deployed from 81 wards across four NHS hospital trusts on a total of
25,362 ward-days. We collected data on staff perceptions of staffing adequacy on more than 23,000
ward-days.

Actual and required staffing levels varied considerably between hospital trusts, between wards within
trusts and within wards. We found that on many wards the variation in required staffing level was
skewed, such that mean demand, used as the basis for setting establishments using the SNCT, was
below the median. This means that when a ward is staffed to meet mean demand, staffing is below the
measured requirement more than 50% of the time. We estimated that, on average, 26% of ward-days
were substantially understaffed (more than 15% under the requirement). In morning reports, shift
leaders reported that they had enough staff to deliver quality care 78% of the time. In all of the hospital
trusts we studied, there was a high level of temporary staffing (over 20%), although the majority of
temporary staffing was by trust-employed staff through the local bank.

When the SNCT is used to estimate the required ward establishment, the currently recommended
minimum sample of 20 weekdays gives a reasonable precision in percentage terms overall but, on
average, the 95% confidence interval of the estimate is more than one WTE staff member either side
of the mean. Only two wards achieved precision of less than a whole staff member (±0.5 staff member)
with the recommended minimum sample, and for many this could not be achieved with the available
sample (up to 1 year of data). On average, a precision of ±1 staff member was achieved with a sample
of 40 days. Overall, day of week and time of day used to sample staffing requirements made little
difference to the estimated establishments, although on some wards the effect was substantial.

Using daily measurement of the SNCT allowed us to estimate the staffing required for each day on
each ward and to assess whether or not staffing shortfalls were associated with professional
judgements of staffing adequacy. On days when staffing fell below the estimated requirement, odds of
staff reporting that there were not enough staff to deliver quality care were reduced and there were
increased reports of missed staff breaks and care. The relationships we observed were, essentially,
linear, with no obvious threshold as staffing rose above the estimated requirement and no important
interaction between registered nurse and support worker shortfall. There was evidence that having a
high proportion of single rooms and being a surgical ward were associated with decreased perceptions
of staffing adequacy. High patient turnover was also associated with decreased perceptions of staffing
adequacy, although the relationships were not statistically significant.

When we simulated different approaches to using the SNCT to set establishments, we found that ‘high’
establishments – a level set to meet estimated demand on 90% of occasions – led to a much lower rate
of shifts on which patients would be exposed to substantial understaffing. Conversely, a lower ‘flexible’
establishment – whereby temporary staff are relied on to respond to most variation in demand –

results in a very high rate of understaffing. In large part this is due to the limited availability of temporary
staff but it is due also to the unmeasured variation in patient need, the lower efficiency of temporary staff
and the need to request additional staff in ‘quanta’ representing a reasonable working shift. Although the
number of understaffed shifts associated with a ‘flexible (low)’ staffing establishment is greatly reduced
if higher availability of temporary staff is assumed, it is always at a level substantially higher than that
achieved using the standard approach to setting the establishment, which is, in turn, associated with more
understaffing than the ‘high’ establishments, irrespective of the availability of temporary staff.
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We modelled cost-effectiveness under a range of different assumptions about temporary staff
availability and considering a number of different factors. ‘Flexible (low)’ establishments are associated
with lower costs but a substantial increase in the risk of death. As greater availability of temporary
staff is assumed, the increased risks are reduced but the cost savings are greatly diminished and the
‘standard’ establishment delivers improved outcomes at low cost per life saved. ‘High’ establishments,
set to meet need most of the time, are associated with substantial decreases in bed utilisation (1.2%)
and mortality risk (4.5%; number needed to treat, n = 665), with a staff cost per life saved of £20,423 and
a net cost of £9506 (accounting for the cost of bed-days saved). Higher temporary staff availability and
adding estimates for the effect of temporary staff on mortality make the cost-effectiveness estimates
for ‘high’ establishments considerably more favourable.

Staffing requirements estimated by the Safer Nursing Care Tool

In common with other studies, we observed that there was greater variation between wards within
hospital trusts than between hospital trusts.133 Much of the variation between hospital trusts arose
from the difference between the general hospital trusts and the specialist hospital trust. When including
this specialist trust, the magnitude of variation within trusts was even greater. Most studies on nurse
staffing have focused on hospital-level averages, which may not reflect important sources of variation.
This has been observed previously in Belgian hospitals133 and is likely to be the case elsewhere, and it
may explain why some cross-sectional studies of nurse staffing at the hospital level have not found
the expected associations with patient outcomes. Much of the difference between wards is, however,
entirely warranted by variation in patient need. Across all wards in the study, the estimated nursing
establishment required ranged from 5.9 to 10.2 (in HPPD equivalents).

Both deployed staffing and estimated staffing requirements varied considerably between days on the
same ward. Even in the hospital trust with the lowest variability, the daily staffing requirement had a
mean within-ward standard deviation that was 6% of the trust mean.

In part because of this variability, when using the SNCT to estimate mean demand, larger samples than
currently recommended would be required to obtain estimates of the required staff to employ within
1 WTE. This level of precision may be unachievable, but, on average, a precision of ±1 staff member
can be achieved with a sample of 40 days.

l There is a limit to the degree of precision that can be achieved in practice.
l Wards with more variable staffing requirements need larger samples to estimate establishments.
l Although decisions still need to be made about base staffing levels, and the SNCT and NICE

guidance recommend regular re-reassessment of the base establishment,11,19 this variability
highlights the potential advantage of daily/shift-level measurement of nurse staffing requirements
to ensure that deployed staffing matches variable need. For most wards, the time of day selected
for the ratings used to estimate the establishment made little difference.

l For establishment-setting, the time of day selected to determine staffing requirements may make
little difference on most wards.

l The specific current recommendation to undertake SNCT assessments at 3 p.m. is unwarranted.
l However, on some wards the timing of the assessment makes a large difference, and so the time

chosen needs to be considered carefully.
l Similarly, variation in demand by day of the week makes little overall difference to the estimated

establishments, but the samples chosen need to be mindful of patterns that might occur on
particular wards.

However, intracluster correlation coefficients showed only moderate/good agreement between morning
and evening measurements, and high variation in differences was observed on different wards. There
were sometimes considerable differences in staffing required by time of day, irrespective of professionally
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determined within-day variation in staffing patterns. Events that cause a ward’s estimated staffing
requirement to change are transfers, admissions, discharges and the worsening or improvement of a
patient’s acuity/dependency rating. Near real-time data about the acuity/dependency of current patients
could be beneficial, although the resources involved in additional data collection and input need to be
measured against the potential benefits. Another finding of this study is that increased establishments
to meet anticipated fluctuation in patient need may be cost-effective. Such strategies require fewer
data than flexible strategies, which we found to be associated with increased harm and, often, little
cost saving.

The standard SNCT takes no direct account of ‘specialing’, except in so far as this requirement is
reflected in the staffing levels on the wards used to derive the multipliers. The inclusion of ‘specialing’
substantially increased the variability of requirements between days. The SNCT multipliers were
developed from observations that may have included some specialing, although we have no way of
knowing what proportion of observed patients were specials. Thus, the multipliers plan for the average
level of observed specials at the time of the tool’s development, which is likely to be lower than it is
today, as some patient groups requiring specialing, such as patients at risk of falls or those with severe
mental health difficulties, are growing.104

Understanding specialing requirements on wards is critical when planning
nurse staffing levels

An approach to setting the establishment that assumed a symmetrical distribution of demand could be
said to balance the risks of overstaffing with those of understaffing. Others have noted that variation
in demand for nurse staffing on wards is not symmetrical around the mean.72 We observed that the
staffing requirement on many wards had a left-skewed distribution, meaning that mean staffing
demand is likely to be exceeded more than 50% of the time. Thus, an establishment based on mean
demand risks understaffing even before real-world challenges of matching staffing supply to demand,
such as short-notice sickness absence and limited availability of temporary staff, are encountered.
Furthermore, the risks associated with understaffing are potentially considerable, including the known
risks of increased mortality2 and the increases in costs associated with adverse events and extended
hospital stay.134 On the other hand, ‘overstaffing’ may be associated with considerable ‘salvage value’ (to
borrow a term associated with some operational research models).72 Salvage value reflects the fact that
staff who might appear to be excess to requirements still have value. This is in part because they could
be deployed elsewhere, but, as we discuss below, ‘excess’ staff may also directly add value on their
home ward, even when they are apparently surplus to requirements. This is because the measure used
to determine the requirement does not identify an ‘optimum’ staffing level at which adding more staff
does not improve care outcomes or there are substantial diminishing returns from adding more staff.

l Planning establishments to meet average demand makes understaffing more likely than overstaffing.
l The risks associated with understaffing are higher than those associated with overstaffing.
l The ‘salvage value’ of apparently excess staff is considerable.

How does actual staffing compare with the estimated requirement?

We estimated that, on average, 26% of ward-days were substantially understaffed, that is, more than
15% below the calculated requirement. We found that, on average, the three general hospital trusts
had relatively small apparent shortages of nursing staff (≤ 0.5 HPPD). It is possible that we have not
reliably identified all non-clinical shifts (e.g. management or education shifts) to remove them from the
deployed staffing, meaning that the staff shortages may be larger than they appear. Furthermore,
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including specialing requirements more than doubles the percentage difference between the estimated
requirement and the actual staffing at hospital trusts A and D. This again highlights that specialing is a
large extra demand that hospital trusts appear to be struggling to resource, although some trusts rely
on the support of volunteers and family members to help with this, which is not shown in our data.104

Overall, this picture is consistent with trusts attempting to staff to the SNCT requirements and
experiencing staffing shortfalls due to sickness, vacancies and limited availability of temporary staff.

By contrast, hospital trust C had a large apparent surplus of staff, which may result from a perception
that SNCT staffing levels were not suitable in the specialist wards, the large proportion of single rooms
and the problem of staffing smaller wards where the required registered nurse/support worker staffing
may be less than a whole person. Modelling studies have suggested that smaller units require larger
(relative) workforces.135 We found that wards with a higher proportion of single rooms were more
likely to report missed care, consistent with these wards having a higher staffing requirement that is not
reflected in patient prototypes, for example because of increased walking distances and the challenges
of undertaking routine visual checks on patients’ conditions.84,85 Certain ward types, including those
with more single rooms, have also been shown to have higher levels of indirect care, including handover
times, which is consistent with single rooms reducing the opportunity for staff-to-staff communication.85

l The SNCT multipliers may not properly reflect the staffing requirements of some units that are
influenced by factors other than patient acuity/dependency.

l Smaller units and those with more single rooms may require more care HPPD and higher
‘multipliers’ to provide adequate staffing to reliably meet patient need.

Staffing ‘shortfall’ and nurses’ perceptions of staffing adequacy

The differences between actual staffing and estimated requirements, the ‘shortfalls’, are significantly
associated with nurses’ perceptions of staffing adequacy. For example, according to our multivariable
models, if the registered nurse staffing level was 1 hour per patient-day below the required level
estimated using the SNCT, the odds of the shift leader reporting that there were enough staff for
quality were reduced by 11%, the odds of reporting nursing care left undone were increased by 14%
and the odds of reporting staff missing breaks were increased by 12%. The results were similar for
nursing support workers.

l These results provide the first evidence, to our knowledge, that the SNCT assessments are related
to nurses’ professional judgements of staffing requirements.

However, our models suggested that there are additional workloads not included in the SNCT multipliers,
although they are, to some extent, recognised by the tool documentation as matters requiring professional
judgement.19 The effect of single rooms and, potentially, of other aspects of ward layout was noted above.
In addition, nurses in charge of surgical wards were significantly more likely than those on medical/mixed
wards to report nursing care left undone and missed breaks, and less likely to report enough staff for
quality. This may reflect that nursing staff on surgical wards carry out different tasks from those on medical
wards, such as changing dressings and taking out sutures from healed wounds, but it could also reflect
different assumptions about what constitutes quality. Turnover per day was not significant in the models,
although it is thought to have an effect on workload,6,8,9 and the non-significant effects we observed were
consistent with higher turnover leading to increased workload.

After controlling for other variables, there was evidence that the day of the week affected perceptions
of staffing adequacy. After controlling for the staffing shortfall, nurses were more likely to report that
there were enough staff for quality and less likely to report missed care and missed breaks on Saturday
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than on Monday. Our determination of the required staffing assumed that a patient in any given acuity/
dependency category required the same amount of care irrespective of the day of the week. However,
rosters are often planned on the assumption that demand is lower at weekends, in part because some
work that is required on weekdays is not required at weekends,6 including interactions with other
departments that mainly function during the week, such as surgery and radiology. Many wards have
lower staffing at weekends because of this.6 However, although this evidence seems to lend support
to the existing practice of tailoring staffing to such presumed variations in demand, we did not find a
consistent pattern across days of the week, and Sundays were no more likely than Mondays to be seen
as adequately staffed at any given level.

l Simple assumptions that wards require less staffing at weekends may be increasingly outdated in
the face of shorter hospital stays, increased acuity and an increasing push toward 7-day working in
the NHS.

We also modelled associations between deviations of actual staffing from estimated requirements and
reported staffing adequacy at the shift level. Nurses were less likely to report that there were enough
staff for quality on morning and afternoon shifts than at night. Similarly, they were more likely to
report leaving care undone and missing breaks, especially on the morning shift. When modelling shifts,
we did adjust the required staffing to reflect each ward’s typical (mean average) distribution of staff
over the day. This finding is consistent with differences in workload between morning, afternoon and
night shifts that are greater than planned for or, alternatively, with less variable demand at night.
Overall lower staffing levels at night may also necessitate relative overstaffing as the ability to match
demand exactly is limited by shift lengths and the quantum of staff that can be requested.

l The allocation of sufficient staff hours to night shifts may result in a relative shortage of staff during
the day.

We explored these data for non-linear effects and interactions between the staff groups. If, for example,
greater numbers of support workers enable registered nurses to work more effectively, we might see that
the effect of a registered nursing shortfall was reduced when there were greater numbers of support
workers. This complementarity is a key part of the rationale for adding support workers to the workforce,
but, in common with a number of other studies,6,108,136,137 we see no substantial evidence of it occurring.
In our models focusing on shift-level patterns, there was a small significant interaction between support
worker shortfall and registered nurse shortfall, but when we plotted this it did not appear to have any
substantial impact on the relationship with ‘enough staff for quality’. Similarly, although we saw some
evidence of non-linear effects, these appeared to make little material difference. In particular, we did
not observe that the chances of reporting that staffing was sufficient reduced only as shortfalls increased.
Indeed, if anything, adding more staff above the required level estimated by the SNCT appeared to
increase the chances of reporting enough staff for quality further. Results were similar for other measures
of staffing adequacy and we saw no evidence of a threshold effect indicating reduced benefits from
further staff increases.

For registered nurse staffing levels, this absence of a threshold has been observed previously.9 The
finding is consistent with a study showing that increases in staffing above the ‘optimal’ level using the
RAFAELA tool were associated with further reductions in mortality.80,81 Whereas SNCT multipliers are
derived from wards that are assessed as meeting a quality threshold, many judgements of ‘quality’ are
subjective and may be anchored to current expectations.138 Equally, perceptions of ‘enough staff’ and
‘quality’ may be influenced by expectations, including historical staffing patterns, and so may not
represent absolute judgements. We found that nurses reported enough staff for quality less often than
they reported no missed care, which is consistent with a high quality threshold operating. However, the
rates of missed care reported using our single-item measure were much lower than typically reported
in studies that base overall missed care rates on responses across multiple items.5 Therefore, this low
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rate of reporting may be an artefact based on the lesser ‘prompt’ for items to consider or it could arise
from an expectation that certain items of care are no longer possible.

Although professional judgement may, in some respects, represent the ‘gold standard’ in judging
staffing requirements, with no evidence that any tool provides a more accurate measure, both
judgement and the tool are potentially subject to bias.17 The SNCT acuity and dependency categories
may provide a valid measure of varying demand without necessarily indicating the optimal level of
staffing. The documentation of the tool as a whole recommends a ‘triangulated’ approach including
professional judgements and outcomes. All are potentially subject to measurement error and subjectivity,
but these findings do serve to emphasise the importance of not relying simply on a single measure.

l Although staffing requirements measured by the SNCT may correspond with professional
judgement, there is no basis on which to judge that they are ‘optimal’.

l Benefits may continue to accrue at staffing levels above those recommended.
l Although professional judgement may be subject to anchoring bias, it remains an important part

of any system for judging required staffing.

Setting establishments using the Safer Nursing Care Tool

We simulated three alternative staffing strategies for planning establishments using the SNCT: ‘high’
staffing corresponding to the 90th percentile of demand, ‘standard’ staffing corresponding to average
demand and ‘flexible (low)’ staffing corresponding to 80% of average demand. Under our baseline
assumption, with limited availability of temporary staff, understaffing (more than 15% below the
measured requirement) was relatively common regardless of the approach. Understaffing occurred
much less often with ‘high’ establishments (19%) than with ‘standard’ establishments (31%) and ‘flexible
(low)’ establishments (63%).

Given the variable nature of demand within wards, there are times when wards are overstaffed.
This happens much less than understaffing. Overstaffing by more than 15% was relatively rare in
most scenarios. Even with ‘high’ establishments, it occurred less often than understaffing in half of
the hospital trusts, with 15% overstaffing compared with 19% understaffing on average across the
four trusts. With ‘flexible (low)’ establishments, overstaffing was virtually eliminated.

As we noted above, the potential ‘salvage’ value associated with excess staff is potentially high, so any
apparent ‘overstaffing’ should not be assumed to be inefficient and, consequently, the elimination of
‘overstaffing’ should not be assumed to be beneficial. Given the evidence suggesting that benefits may
accrue when staffing is above the measured requirements, the presence of these extra staff on the
ward may add direct value to patient care. Another potential benefit from ‘overstaffing’ is the opportunity
to cover staffing shortfalls on other wards without recourse to bank or agency staff, often referred to as
‘floating’ staff between wards.139

Internal re-deployment of staff (‘floating’)

Staff ‘floating’ between wards has been shown to be unpopular and associated with staff anxiety, especially
when staff move outside their specialty area.139–141 Despite the potential contribution, overall in our
models we found that, across all scenarios and hospital trusts, fewer than 1.5% of the total hours were
worked by staff re-deployed from one ward to another. Opportunities to float staff between wards are
constrained by staff quanta (because staff cannot effectively be moved partially or for very short
periods of time) and are less frequent with lower staffing establishments when the benefits might be
greater, because understaffing is common whereas overstaffing is rare. In our modelling we assumed
that re-deployments were restricted to within directorates, although wider sharing may be possible.
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Extending the potential re-deployments to the whole hospital made very little difference (0.3%) to
the rate of understaffed shifts and, in our economic models for the general hospitals, the inclusion of
any internal re-deployment made only a modest contribution to reducing understaffing and costs.
Re-deployments outside staff members’ specialties are also more likely to be associated with reduced
efficiency and effectiveness of staff.141

l Internal re-deployment (floating) of staff within directorates makes a modest contribution to
reducing understaffing.

l Wider re-deployments across the hospital have very little impact on understaffing, and such
assignments are known to be unpopular with staff.

Availability of temporary staff and costs

The use of temporary staff varied between scenarios, with lower establishments associated with higher
use of temporary staff, as one would expect: ‘high’, ‘standard’ and ‘flexible (low)’ staffing scenarios had,
on average, < 5%, 6% and 14% temporary staff, respectively.

In our core model, at all hospital trusts, the higher the establishment the higher the cost, but the fewer
shifts are understaffed. This is because of the lower efficiencies of re-deployed/temporary staff and the
limited availability of temporary (bank and agency) staff who are able to cover shortfalls according to
our empirical data. If we model high availability of temporary staff, the costs of ‘flexible (low)’ staffing
establishments become close to those of the ‘standard’ establishments while the risk of leaving shifts
understaffed remains higher. In some trusts, when assuming largely unlimited availability of temporary
staff, the costs of the ‘low’ establishments were higher than those of the standard establishments
owing to the higher cost of temporary staff.

l The apparent cost savings of employing fewer staff are largely achieved by below-adequate staffing.
l When temporary staff availability is higher, making ‘flexible (low)’ staffing more feasible, cost

savings are eroded while understaffing remains relatively high.

Beyond care hours and registered nurse skill mix

The SNCT provides a measure of overall demand for care but provides staffing estimates that are
(in essence) equivalent to an overall measure of care HPPD.While this overall measure is now reported
as a benchmarking measure in the NHS,142 there is little research that supports the use of a combined
measure of registered nurse and support worker hours. This is because the contributions to patient safety
and quality appear to be different, to be independent of one another9 or to have a complex interaction,
suggesting that benefits from adding support workers arise only if there are sufficient registered nurses
to supervise them.6,143

Using the SNCT, decisions about skill mix are deferred to ‘professional judgement’ and are not subject
to measurement, which might be seen as a significant limitation, although the evidence we reviewed
suggests that this professional judgement might still be regarded as the ‘gold standard’ for judging
staffing requirements. We used the empirically observed skill mix for each ward as the basis of our
models, assuming that this reflected professional judgement of the relative skill mix required. In our
previous study,6 we determined that this assumption is broadly correct, although difficulty recruiting
registered nurses may lead to a slightly lower skill mix than planned. The associations between
perceptions of staffing adequacy and registered nurse/support worker shortfalls were similar, which
lends some support to the assumption that observed skill mix serves as a useful proxy for the ‘correct’
skill mix.
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However, skill mix is, in reality, more complex than a simple issue of registered versus unregistered
staff. Existing literature has rarely addressed this issue at all, although some literature from the USA
has considered three broad groups (aides, licensed practical nurses and registered nurses) rather than
two.137 To begin an exploration of this complexity, in addition to modelling registered nurse skill mix in
our core simulations, we performed further experiments in which we investigated the impact of wards
requiring staff with particular skills in more detail. Based on discussion with our advisory group, we
used the example of registered nurses who are trained in administering IV drugs.

We considered the presence of at least one IV-trained nurse as a requirement on all wards, as our
advisory group noted the disruption involved when staff had to be obtained from other wards simply
to administer IV drugs. We found that as the percentage of registered nurses with IV training
increases, the number of shifts with no IV-trained nurse decreases non-linearly. At a hospital level, we
determined that once 60% of registered nurses were trained, the rate of shifts that were understaffed
according to this criterion was low (< 10% in all hospital trusts and < 2% in the general hospital trusts).
Although IV training may rapidly become a ubiquitous skill for registered nurses, currently in the UK,
newly qualified nurses will not have had opportunity to demonstrate competence in administering IV
medication. This approach to understanding the likely demand for staff training to ensure that staff are
available to meet patient needs when additional or specific training is required illustrates that simple
approaches based on mean demand are unlikely to succeed.

l When taking a more ‘refined’ approach to skill mix, it is challenging to deliver specific skills to wards
reliably unless a high proportion of staff are trained, even when the requirement is for a single
member of staff with that skill.

l Increasing the complexity of ‘skill mix’ may prove difficult to manage efficiently.

Differences between hospital trusts and assumptions made

In general, understaffing in hospital trust A was the most sensitive to staffing policy (i.e. it had the
greatest relative risk increase/decrease associated with alternative establishments) and this trust had
lower levels of understaffing than the other hospital trusts when there was limited availability of
temporary staff. This may be explained partly by differences in specialing requirements, which varied
between trusts. Another reason for trust differences is the size of wards: wards at hospital trusts B and
D tended to be larger than at those at trust A, which are larger than those at hospital trust C. Hospital
trusts B and D had similar understaffing results across staffing scenarios. In general, across most
scenarios, the results from hospital trust C, a specialist hospital with small wards and a high proportion
of single rooms, differed substantially from those from the other three. The differences between the
deployed staff and our estimated staffing requirements are also much greater in this trust.

Although the absolute and relative differences varied by hospital trust, the pattern of results was
common across all and so the qualitative conclusions apply to all. In general, we report our results
at the hospital level. However, managers may be more interested in staffing adequacy and costs
evaluated at the site or directorate level. Individual wards can be affected more dramatically than
others by policy changes, although, again, the patterns observed generally apply at the ward level.

l These results give general patterns that are likely to apply in other hospitals, but the extent to
which any establishment delivers a high level of properly staffed shifts is variable between hospitals
and between wards within hospitals.

l Several strands of evidence from our study suggest that the current multipliers, however used, may
often fail to deliver enough staff in a specialist hospital trust with many small wards and single rooms.

Given the limited or lack of data available for some parameters, and the need to make some simplifying
assumptions, we investigated the effects of parameter uncertainty on the results. We found that
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changing the values of most uncertain parameters did not have a practically significant effect on the
hospital costs or understaffing results. The exception to this was the ‘rounding’ parameter. We assumed
that requests for staff were rounded up or down to the nearest whole person, a practice endorsed by
our advisory group and recommended by guidance in Australia (although this guidance has recently
been amended in the state of Victoria).144 If instead we had assumed that requests were always
rounded up, there would have been an absolute reduction in understaffing of 14.3% patient shifts and
an increase in costs of £3.53 per patient-day on average.

The current national sickness rates for nursing staff are 4.5%,145 so we assumed rates of unanticipated
absence from short-notice sickness of 4% for nursing support workers and 3% for registered nurses.
This approximates known differences in sickness absence between registered nurses and support
workers.146 Although short-notice sickness absence is an important reason that shifts end up being
understaffed, even when establishments are high, a large relative (1% absolute) change in the assumed
rate led to a small (< 1% absolute) change in the rate of understaffed patient shifts.

Nursing vacancies are recognised as a current problem in the NHS, so we ran some illustrative simulation
scenarios considering a 10% vacancy rate.1 This scenario had achieved ward establishments between
‘standard’ staffing and ‘flexible (low)’ staffing. Correspondingly, the average percentage of understaffed
patient shifts and cost per patient-day also lie between the results for these two scenarios. However,
differences between scenarios based on different baseline establishments followed similar patterns.

Economic modelling of using the Safer Nursing Care Tool in different ways
to set staffing levels

In the economic modelling, we used the results of the simulation from the three general hospital trusts,
together with estimates of the effects of the resulting staffing levels on mortality and length of stay,6,9

to estimate the staff and net cost per life saved for ‘high’ and ‘flexible (low)’ establishments relative to
the ‘standard’ establishment.

We found that higher staffing establishments – ‘high’ versus ‘standard’ and ‘standard’ versus ‘flexible
(low)’ – are associated with improved outcomes (lives saved, cost per life saved and number needed to
treat) under all assumptions about temporary staff availability. When we assume higher availability of
temporary staff, the difference in outcomes (costs, bed-days and deaths) between alternative staffing
establishments is reduced, but the cost-effectiveness for higher establishments is more favourable.

Using our core assumption – with limited availability of temporary staff based on empirical observations –
the ‘high’ establishment is associated with a reduction of 1.2% in bed utilisation and a reduction in
mortality of 4.5% compared with the ‘standard’ establishment. This equates to one life saved for every
665 admissions. Staff costs per life saved are £20,423 and costs net of the value of bed-days saved are
£9506 per life saved. If unlimited availability of temporary staff is assumed, these estimates are reduced to
£16,464/£5524 (staff/net cost).

Although there are no studies with which we could make a direct comparison, these figures are broadly
comparable with the estimated cost-effectiveness of implementing the nursing HPPD staffing method
in Western Australia, an approach that sets ward establishments and nurse staffing deployments at a
level that is higher than typically observed in the UK. Extrapolating life-years saved based on mean life
expectancy, Twigg et al.33 estimated a cost of AU$8907 per life-year gained. Assuming that the paper was
reporting 2010 costs, converting to Great British pounds (GBP) using a 2010 exchange rate [mean AUD to
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USD exchange 0.92 and USD to GBP exchange 1.55 (source: www.macrotrends.net; accessed 10 February
2020)] and applying Consumer Price Index inflation gives £6462 GBP in 2017 prices (source: www.in2013
dollars.com/UK-inflation; accessed 10 February 2020). Applying the average life expectancy and approximate
discount used (18%) gives approximately £33,500 per life saved.

Unless very pessimistic assumptions about life expectancy or utility of life gained were made for our
estimates, it seems likely that the cost-effectiveness estimates for the cost per life saved of ‘high’
establishments would lead to costs per quality-adjusted life-year that sit well below generally accepted
thresholds for defining cost-effectiveness.147 Indeed, ‘high’ establishments are potentially very
cost-effective.147

On the other hand, because the ‘flexible (low)’ establishment is associated with worse outcomes than
the ‘standard’ establishment under all assumptions about temporary staffing, it is easy to reject it
simply because it is not an effective strategy. However, it is worth noting that under circumstances
where ‘flexible (low)’ staffing establishments come closest to providing an effective alternative – when
temporary staff availability is high – cost-effectiveness estimates associated with the ‘standard’
establishments approach the level at which the ‘standard’ establishment would dominate economic
decision-making, because the cost per life saved associated with it is so low.

The results are sensitive to effect estimates for mortality, but if we take £30,000 per life saved as a
threshold and account for length of stay savings, ‘high’ establishments are potentially cost-effective for
both lower and upper (95% confidence interval) limits for estimates under all assumptions tested about
temporary staff availability (except the unrealistic zero temporary staff scenario). Using the mean
estimate or upper limit, the cost-effectiveness estimates are much more favourable than this, even
when focusing just on staff costs.

Under low staffing establishments, high availability of temporary staff is needed to cover shifts left
unfilled by permanent staff to avoid understaffing. However, the higher the availability of temporary
staff, the stronger the case for higher establishments in terms of cost-effectiveness.

The conclusions are not very sensitive to different cost assumptions, although assuming an increased
cost per bed-day would lead to ‘high’ establishments being even more cost-effective. If agency staff
cost more, the cost savings associated with lower establishments are reduced and potentially even
eliminated (under assumptions of high bank and agency staff availability).

l ‘High’ staffing establishments are associated with costs per life saved that are likely to be assessed
as cost-effective under most assumptions about temporary staffing, and the conclusion is not
sensitive to most assumptions made.

l ‘Flexible (low)’ staffing establishments are associated with worse outcomes and diminished cost
savings when sufficient temporary staff are available to make them a viable option.

l Investing in ‘high’ staffing establishments over ‘standard’ staffing establishments would cost < 1% of
annual turnover at all hospital trusts studied.

Restrictions on decision-making are likely to arise because of budget constraints and, more significantly
in the short term, limited supply of staff, particularly registered nurses. These findings, therefore, have
implications as much for policy as for local practice and use of the SNCT. However, given the evidence
that higher staffing levels and improved establishments associated with mandatory minimum staffing
policies are associated with improved job satisfaction and retention,148–150 increases in establishment
could still be associated with a cost-effective approach to managing the local pool of nursing staff if
recruitment and retention of staff were improved as a result.
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Other considerations

All hospital trusts involved in our study have moved towards routinely collecting SNCT ratings of
patients at multiple time points each day. Although we have explored cost-effectiveness under realistic
scenarios of limited availability of temporary staff, we have assumed that there would always be an
attempt to make up staffing shortfalls. However, comparisons of our models with no availability of
temporary staff with models assuming some availability provide support for a conclusion that this
‘tailored’ approach, rather than using a fixed daily staffing level, is cost-effective. However, this does
not lend support to using these systems to set low base establishments that are flexed upwards as
required. The results of this study emphasise the potential benefits of higher nursing establishments
and show that using the SNCT to set establishments to meet predicted need 90% of the time, rather
than to meet mean average need, could be cost-effective, substantially reducing the risk to patients
that is associated with low staffing.

l Our findings can be used to support a flexible staffing policy, but one that is based on high, not
low, establishments.

In our models, we have assumed that there will be an attempt to fill measured staffing shortfalls if such
staffing is available. Because we have generally assumed that there are limits to the availability of temporary
staff, it may be that our model provides a reasonable facsimile for a system in which professional judgement
might also determine that, on occasion, existing staff are best placed to manage, and so some requests for
additional staff are averted. The findings of this study do not establish the superiority of measurement over
professional judgement.

The SNCT is generally ‘mute’ on the matter of skill mix. However, although these findings support setting
higher establishments, other research makes it clear that benefits are unlikely to accrue if the higher
establishments erode skill mix. Indeed, in our recent study6 we did not model the effects of increases in
nursing support worker staffing because this strategy delivered worse outcomes at higher costs.

l Increasing establishments while decreasing skill mix is unlikely to be cost-effective.

In this study, we looked only at the SNCT. However, although the specific parameters that we estimated
may not apply to other tools, our simulation models show the likely consequences of different approaches
to using any measurement system, because needs vary around the measured means. These findings might
be of particular relevance to US hospitals, where measurement systems are frequently used for real-time
staffing deployment decisions. It is striking that, although much of the UK literature has been preoccupied
with setting establishments (nurses to employ), and thus emphasises forward planning, the US literature
seems to be much more focused on flexible staffing assignments using real-time or near real-time
measurement. Our findings demonstrate that the success of any such approach requires that it operate
with an appropriate baseline establishment; establishments are unlikely to be safe or cost-effective if they
are set to meet only minimal demands.

Results in context

This study was undertaken at a time of shortages in the supply of registered nurses and increasing
nurse vacancy rates in many NHS organisations. Although this may seem to render these results
somewhat academic, the shortage of supply does not remove the need to quantify the demand
properly. Over the lifetime of this project, the ‘crisis’ in nurse staffing across the UK emerged as a
major policy focus, resulting in a number of initiatives to increase the supply of nurses and to improve
staff retention. If these initiatives are, ultimately, to be successful, it is imperative that the conditions
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that nurses find themselves working in present them with a manageable workload that enables them
to consistently deliver care of a high standard. Otherwise, efforts to improve supply may be thwarted
by staff outflows in a competitive labour market. To use (and extend) an oft-quoted aphorism, it is hard
to fill a leaky bucket, and, when planning to fix it, it is wise not to underestimate the size of the hole.
A key challenge in achieving a stable workforce and improving retention is to ensure that we properly
understand how many staff are actually needed to deliver quality care. Tools such as the SNCT have a
role in this, although our study results point towards a baseline staffing requirement that may be
higher than that identified by using the tool as currently recommended.

In common with other studies, our results indicate that registered nurse staffing levels that are higher
than present levels and higher than those recommended by the SNCT might deliver additional benefits
for patient outcomes, with a cost-effectiveness ratio that supports this approach.6,33 In the face of ongoing
budget constraints in the NHS, it may seem problematic to suggest additional investment in nursing.
However, although it may be that policy-makers and the public choose to make other investments, it is
important to understand the costs and consequences of options. Furthermore, although nurse vacancies
are at a high level nationally, not all hospital trusts are equally affected, and the baseline staffing deployed
varies considerably between trusts. In the absence of an understanding of how many nurses are required,
it is hard to justify such variation. A simplistic model of economic efficiency focuses attention on hospitals
with apparently high levels of nurse staffing, identifying them as potentially unproductive based on simple
measures of HPPD. Our economic modelling results suggest that hospital trusts that have chosen to
invest more heavily in nursing staff may be using their resources cost-effectively. Conversely, these
results show that what might appear to be an efficient and effective response to nurse shortages –
using low establishments and flexible deployment of staff – is unlikely to be a successful strategy.
This strategy is likely to cause harm to patients, and, in the circumstances when it is most likely to be
successful (which requires unfeasible assumptions about the availability of temporary staff), saves little,
if any, money. In some cases, such a strategy costs more and increases harm.

In the face of staff shortages, it is tempting to consider alternative approaches for improving the
effectiveness or efficiency of the current workforce. Although there is scant evidence for improved
productivity arising from quality improvement initiatives, such as the Productive Ward programme,151,152

or structural changes, such as altering shift patterns,146 the importance of quality leadership and
management in ensuring an effective and productive ward nursing team is largely beyond dispute.
However, without dismissing the importance of such factors, they serve merely to remind that having
enough staff is necessary but not sufficient. This is amply illustrated by one US study that showed little
benefit from increasing staffing levels in hospitals that provided poor work environments.153

Finally, this study has focused on the nursing workforce almost exclusively. The provision of health care is
a multiprofessional endeavour. That we have focused on nursing does not mean that we underestimate the
potential contribution of other professions to patient safety and quality of care. The current recognition of
the importance of nurse staffing for patient safety in hospitals stands as a major correction to a historical
tendency to overlook this, which was illustrated in recent times in the many pages of the Francis Report10

but certainly did not begin there. The evidence provided here relates to how best to plan the staffing of
hospital wards by nurses. There may be potential to reconfigure ward establishments and to shift work
between professional groups. However, simply including other staff on the nursing roster does not in itself
lead to a redistribution of the work that is undertaken by nurses. Conversely, shifting resources from other
groups towards nursing because of studies such as this one does not guarantee cost-effectiveness unless
the costs and consequences of disinvestment in other services are also understood.

Limitations and future work

In this section, we identify some further research recommendations arising from the study limitations.
These recommendations are summarised and prioritised in Box 1.
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In our regression modelling, we were unable to identify clear ‘tipping points’ at which there was
diminishing return from higher staffing levels and, thus, we could not identify ‘optimal’ levels. Therefore,
our simulation is designed to achieve staffing levels that may still be below what is optimal. Our data from
reports of numbers of nurses/support workers needed when staffing was low were too unreliable to fit
similar models as a result of ambiguities around whether total staff needed or additional staff needed had
been reported. However, repeating such surveys might help with identifying the ‘magic numbers’ of how
many staff are required each shift, and modelling the relationship between this requirement and underlying
factors (regression approach). It is possible that there is a range of acceptable staffing levels in a given
situation (as we simulated using a buffer around acceptable staffing) and so ideas from fuzzy modelling and
optimisation,154,155 which deal with ambiguity and vagueness, may be applicable.

In the simulation modelling, we assumed that requirements in different wards are independent of one
another, that is that neither the numbers of patients nor the acuity/dependency levels of patients in
different wards interact. This is unlikely to be upheld in practice. Although future work could relax this
assumption, it introduces significant complexity to both the data collection and the modelling. As it
seems most likely that periods of high demand in one ward would be associated with periods of high
demand in others, the significance of internal re-deployment is likely to be overestimated by our
current assumption. The impact on our results and conclusions is unlikely to be great because
re-deploying staff between wards did not make substantial contributions to reducing low staffing and
did not substantially alter cost-effectiveness estimates.

We did not take into account that there may be feedback loops whereby adverse effects of low
staffing (increased risk of adverse events and longer hospital stays) could result in increased workloads
for staff. It is difficult to determine whether or not such effects would make a measurable impact on
overall results, but if results were influenced by such effects it would be in a manner consistent with
our conclusions rather than serving to undermine them. Establishments already associated with high
levels of understaffing would appear to be even more disadvantageous because of this positive
feedback loop in which understaffing generates additional demand for staff.

The cost per patient-day is variable between wards because of different pay band mixes of the staff
employed, which is accounted for in the modelling. These costs do not include temporary staff covering
long-term/planned absences, and hence we observed higher costs in reality than in the simulation

BOX 1 Future research recommendations

1. Undertake more extensive observational studies, considering the potential influence of the availability of

other professions and using other patient/staff outcomes to identify tipping points at which there are

‘enough’ staff and more staff would not improve outcomes further.

2. Undertake prospective studies of the use of different approaches to determining staffing requirements,

including assessment of patient outcomes.

3. Investigate the fit of the SNCT at ward level.

4. Study variability of workload within acuity/dependency levels.

5. Carry out simulation modelling of different priorities of nursing tasks and how much time is required as

a buffer to have enough nurses when there are simultaneous urgent tasks.

6. Carry out more detailed investigation into specialing requirements.

7. Develop simulation models of nurse staffing that model interdependence of staffing requirements in

different wards.

8. Study how much tolerance needs to be built in between the employment, deployment and rostering

planning stages.
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experiments. We did not have a breakdown of different amounts of ‘notice’ for sickness absence or
enough data to estimate seasonality (clustering) of staff sickness absence and have not considered a
reduction in availability of temporary staff due to their sickness.

We did not have data on the variability of workload within acuity/dependency levels. In our modelling,
we assumed symmetric distributions and that each standard deviation was 10% of the respective
multiplier, although it did not appear that our hospital-level conclusions were highly sensitive to this
assumption. Future work could look at the impact of non-symmetric distributions, study the impacts
of these distributions on ward results and collect data about the shape and variability of these
distributions. This may also help confirm whether or not the categories 0, 1a, 1b, 2 and 3 are the best
way of segmenting patients, and, if not, cluster analysis could be applied to generate categories that
better group patients according to their nursing requirements.

In the process of deriving the SNCT multipliers from data on quality-assured wards, ready-for-action
time was removed, but this means that recommended establishments are lower than those observed
on the quality-assured wards. Nurses not only work on routine, plannable tasks, such as ward rounds,
but also must react to emergent, urgent tasks, such as adverse reactions to infusions or emergency
tasks involving responding to life-threatening incidents.156 Simulation modelling or queuing theory
could be used to investigate these dynamics, and how many staff are needed so that different priorities
of tasks can be completed within appropriate time frames. However, as our work tends to point toward
the overall benefits of higher establishments, this anomaly in the SNCT does not alter our conclusions,
and the way in which the SNCT treats this ready-for-action time needs to be reviewed.

In this study, we limited our scope to setting ward establishments according to the SNCT and reacting to
shortfalls each shift, that is, dealing with fluctuations in demand and unforeseen absences on the day.
We did not investigate how to roster staff fairly157,158 or how to plan staffing levels to cover foreseen
absences (e.g. leave, training and long-term sickness). There is interplay between different planning
stages; the nearer to the start of the shift, the more information is known about the availability of
nursing staff and the patients’ nursing requirements. Thus, further studies could focus on understanding
the links between employment, deployment and rostering better, in particular how much tolerance needs
to be built in between each planning stage (i.e. the ‘uplift’ for absences and flexibility to adjust rosters).

We found that specialing requirements are a major source of variability in demand. Future work
could investigate specialing requirements in more detail, including the contribution of volunteers and
relatives to specialing, whether or not this demand could be managed by a pool of staff at the hospital
level (as fluctuations in demand are wide at the ward level) and perhaps a more detailed investigation
into how much time specialing duties take (accounting for handovers and cohorts).

In our study, the judgement of staffing adequacy and ratings of the SNCT were undertaken by the
same people or teams. Although it is difficult to picture a sensible way of routinely separating these
two judgements to make them fully independent, the possibility that some degree of bias is induced
cannot be discounted. However, the nature of the SNCT reports – numbers of patients in each
category – is sufficiently distinct from the staffing adequacy questions that our findings are unlikely
to be a simple product of common method bias.

We saw a degree of consistency in the results between the four participating hospital trusts but we
cannot be sure that these results would generalise across all trusts. Certainly the quantitative estimates
(rather than the qualitative relationships) do appear to differ by trust. Costs differ as a result of the
bands of staff employed, and the ability of wards to match staffing to demand depends on factors such
as ward size and specialing requirements. Therefore, the results may be different for hospital trusts with
substantially different mixes of staff and ward types. Future research could look in more detail at the
fit of the SNCT for particular types of wards. We have concentrated on hospital-trust-level results but
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our results do suggest that requirements may differ between medical and surgical wards, even when
the measured staffing requirement appears to be the same based on the acuity/dependency rating.
Our results also suggest that staffing requirements are much more variable on some wards than on
others, which makes determining the correct establishment even more challenging.

We did not estimate directly the effect of low staffing on the sample of patients in the study. Although
our effect estimates derived from a methodologically strong study that was undertaken in one of our
participating hospital trusts, they were nonetheless derived from a single-site study. It is possible that
the observational evidence used to estimate the outcomes association could be biased, although this
coefficient is consistent with other estimates of effect, and most biasing mechanisms would tend to
suggest an underestimation of the strength of association.6 Cause and effect, although plausible and
consistent with an increasingly large body of evidence, should not be assumed. Furthermore, we
considered the impact of staffing levels on mortality only, but other aspects of care are likely to benefit
from increased staffing, including patient experience,143 and staff outcomes such as sickness absence
and turnover may also improve. Thus, decision-making based on mortality alone underestimates the
likely benefit of increasing nurse staffing levels. Further observational studies are needed to extend
this research to other trusts, and consider the influence of the availability of other staff groups
(including other staff rostered on wards) and other outcomes. Different patient types may be affected
to greater or lesser extents by understaffing, so this is another possible area to explore.

Finally, this was an observational study with modelling of scenarios.We cannot be sure that the simulated
costs and consequences of different staffing establishments would hold in reality.To overcome the limitations
of observational and simulation studies, experiments could be conducted whereby real ward establishments
are systematically and purposefully changed. Although the challenges of undertaking such prospective
intervention studies on sufficient scale are considerable, they are not insurmountable. Currently, the An
Roinn Sláinte (Department of Health) in Ireland is backing an intervention study by supporting the increase
of nurse staffing establishments to levels identified by a staffing system (www.trendcare.com.au/). The study
will evaluate the effects on patient and staff outcomes. Likewise, the aforementioned study by Twigg et al.33

was a prospective intervention study. However, neither of these studies is randomised, and undertaking
such studies at a scale such as that achieved by the study we report here still seems unlikely.159 While
prospective and even randomised studies of different staffing strategies and methods for determining
establishments are feasible, observational studies will retain a role, including in the search for a threshold
that, in UK data at least, remains elusive.

Conclusions

The hospital trusts in this study have implemented the SNCT and have used it to guide establishment-
setting. The staffing levels measured by the tool are associated with professional judgement of staffing
adequacy and so the tool has some degree of validity, although we cannot show that the tool provides a
measure that is superior to professional judgement. In modelling different approaches to using the data
to set ward establishments, we have demonstrated that patient need can be better met by setting the
ward establishment at a level that is above the mean. Other approaches risk patients being exposed to
very frequent low staffing, requiring the use of bank and agency staff, who are not always available.
Because of the consequences of low staffing, the higher establishments appear to be cost-effective
when compared with lower ones. Our findings can be used to support flexible staffing policies guided by
the SNCT, but such policies are cost-effective when based on establishments that are planned to meet
patient need 90% of the time. A staffing policy that sets establishments based on mean demand is also
cost-effective when compared with a staffing policy based on a ‘low’ core establishment (to which additional
staff are added when required). This is in part because flexibility is constrained by the limited availability
of bank and agency staff, but also because such a policy is likely to increase the unit costs of staff.
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Flexible staffing and low base establishments should not be equated, as low establishments are
associated with increased patient harm even when temporary staff availability is high. Furthermore,
when temporary staffing availability is high, cost savings are largely eliminated. Although the routine
deployment of systems that allow real-time calculation of staffing requirements can help with ongoing
monitoring of a ward’s staffing, for sufficient staffing to be delivered consistently, the priority remains
correct determination of the necessary baseline. The best outcomes for patients are achieved at the
highest establishments, provided that skill mix is maintained.
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Appendix 1 Methodological details

Data specifications

TABLE 28 The SNCT ratings (for each census and each ward)

Variable Content/format

Ward Ward name or code (CHARACTER STRING)

Date Date for which census applies (DD/MM/YYYY)

Time Time for which census applies (HH:MM 24 hour)

Total patient count reported If collected (rather than calculated as sum category 0
to category 3) (INTEGER)

Category 0 Count of patients in category (INTEGER)

Category 1a Count of patients in category (INTEGER)

Category 1b Count of patients in category (INTEGER)

Category 2 Count of patients in category (INTEGER)

Category 3 Count of patients in category (INTEGER)

Completed by Indicator of who completed assessment

TABLE 29 Roster data (for each nurse, each shift and each ward)

Variable Content/format

Ward Ward name or code (CHARACTER STRING)

Date Date shift starts (DD/MM/YYYY)

Start time Time shift starts (HH:MM 24 hour)

End time Time shift ends (HH:MM 24 hour)

Break Length of scheduled break (HH:MM)

Shift type Designation (e.g. early/late/night). Must indicate
whether shift worked on ward

Grade Agenda for Change bands or system codes
(CHARACTER STRING)

Staff type Substantive/bank/agency (CHARACTER STRING)

Staff ID Indicator of person working this shift.
Pseudonymised/ staff code (INTEGER)
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Extraction of worked shifts and identification of worked hours

We derived the staffing variables (total/registered nurse/nursing support worker hours per day, skill
mix and distribution of staff over the day) from roster systems. Data provided from roster systems
were in the form of one row per shift and staff member. The data fields included duty date, actual shift
start and end times, planned shift start and end times, staff type (substantive, bank or agency), ward
and break duration, as well as the post title and band either recorded together across multiple fields or
contained within longer shift type descriptions. For hospital trust B, the roster data were provided from
separate systems for substantive and non-substantive (bank and agency) staff, with different data fields.

The following shift inclusion and exclusion criteria were applied. Posts that we classed as nursing roles
and so included in the analysis were different types of registered nurses and nursing support workers,
called by a variety of names (staff nurses, senior staff nurses, course nurses, junior ward sisters, ward
sisters, charge nurses, advanced nurse practitioners, nurse specialists, community nurses, specialist
nurse practitioners, nursing support workers, community health-care assistants, assistant practitioners,
bank support workers, patient support workers, acute coronary syndrome nurses, advanced clinical
specialist nurses and phlebotomists). Although maternity wards were excluded from the analysis, we
included registered midwives and maternity care assistants who worked as bank/agency staff on other
wards at hospital trust A. Staff in non-nursing roles, such as ward clerks, housekeepers, administrative/
clerical staff and therapists, were excluded. Trainees, students and honorary staff, when recorded in
the data, were also excluded because they do not count towards the ward establishment. Our analyses
focus on worked shifts, so any cancelled shifts, rest shifts and unfilled bank/agency shifts were excluded.

Agenda for Change bands were used throughout the analysis for costings and to distinguish between
registered nurses (at least band 5) and nursing support workers (below band 5). These bands were
extracted from text in the relevant data fields for each hospital trust. Bands were not recorded for
some advanced nurse practitioners, patient support workers and bank support workers at hospital
trust A, where they were assumed to be band 7, 3 and 3, respectively.

TABLE 30 Patient ward stays

Data item Content/format

Patient ID number Pseudonymised

Spell number

Episode number Within spell

Admission date Date (DD/MM/YYYY)

Admission time Time (24hr HH:MM)

Discharge date Date (DD/MM/YYYY)

Discharge time Time (24hr HH:MM)

Ward start date/time Date/Time (DD/MM/YYYY HH:MM)

Inward activity Admission/transfer

Outward activity Discharge/transfer

Ward code Text

Ward name Text
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Actual shift start and end times were usually provided; however, where the actual end times were
missing, we assumed that these were the same as the planned end times. Hospital trust B did not
have breaks recorded for bank and agency staff. Therefore, we assumed that small positive differences
(0–1 hour inclusive) between planned and actual work time were due to breaks, but that otherwise
differences were due to a shift being worked of a different length from that planned.

Recording of requirements for ‘specialing’

Specialing staffing requirements are in addition to the requirement generated from the SNCT, and
hospital trusts have made adjustments to the tool or use parallel processes to deal with specials. The
four hospital trusts recorded specials in different ways. Hospital trust A provided reports of requests
for staff to special patients, as specialing was covered by bank/agency staff. From September 2017
onward, these contained shift names rather than times. To deal with this, we assumed that the most
common shift times from the earlier data (night shifts from 7 p.m. to 7.30 a.m., late shifts from 1.30 p.m.
to 7.30 p.m., early shifts from 7 a.m. to 1 p.m. and long day shifts from 7 a.m. to 7.30 p.m.). We converted
these shift times into numbers of specials present in each ward at the start of each 6-hour shift. Hospital
trusts B and C provided the numbers of specials recorded by the nurse in charge at census times.
Hospital trust B also recorded cohort specials. Hospital trust D has defined extra categories, levels 1c
and 1d, for patients requiring specialing by nursing support workers or registered nurses, respectively.
This means that these patients are not included in the standard levels, as they were for the other
hospital trusts. We assume that they are in level 1b.

Staffing variables (calculations)

Total required daily establishment, in WTE = ∑
l in levels

multiplierl × proportionl

× total patient count.

(3)

Recommended establishment = AverageBase sample(Total required daily establishment). (4)

Estimated total care requirement in HPD =
Total required daily establishment × 37:5

1:22 × 7
. (5)

Estimated total care requirement in HPPD =
Estimated total care requirement in HPD

Patient days
. (6)

We calculated the specials multiplier by substituting 24 hours per day in Equation 5 and rearranging to
get the total required daily establishment in WTE for one specialed patient:

Specials multiplier in WTE = (24 × 7 × 1:22)/37:5. (7)
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Correspondence between Safer Nursing Care Tool multipliers and
daily care hours

Dealing with sub-wards

Some wards consist of several sub-wards that each separately recorded the staffing adequacy and
SNCT level counts, but are rostered and/or recorded in patient administration systems as one ward.

We summed up the numbers of patients in each level across sub-wards to obtain the ward level
counts, and discarded instances where data for at least one sub-ward were missing. As sub-wards may
care for different types of patients, estimating level counts for the whole ward from partial data may
not be reliable.

When calculating the completeness of the variables ‘enough staff for quality’, ‘nursing care left undone’ and
‘staff breaks missed’, we considered data for sub-wards missing if they were missing for all sub-wards.
For these staffing adequacy questions with yes/no responses, we considered data valid if they were valid
for at least one sub-ward. We combined the answers to the questions at sub-ward level into an answer
at the ward level by using majority vote of valid answers. If there were equal numbers of sub-wards
answered ‘yes’ and ‘no’, we took the negative answer (‘no’ for ‘enough staff for quality’, ‘yes’ for ‘nursing
care left undone’ and ‘yes’ for ‘staff breaks missed’).

For the reported total staffing requirement variable (the sum of the answers to the questions ‘nursing
support workers needed’ and ‘registered nurses needed’), we considered data for sub-wards missing if
they were missing for any sub-ward. We combined the answers to the questions at sub-ward level into
an answer at the ward level by summing up the requested registered nurses/nursing support workers
across sub-wards. We used the normal validity criteria on the whole ward answer.

TABLE 31 The SNCT multipliers and corresponding total care HPPD

Level

General wards Acute admissions units

Multipliera

(WTE per patient)
Estimated total care
requirementb (HPPD)

Multipliera

(WTE per patient)
Estimated total care
requirementb (HPPD)

0 0.99 4.35 1.27 5.58

1a 1.39 6.10 1.66 7.29

1b 1.72 7.55 2.08 9.13

2 1.97 8.65 2.26 9.92

3 5.96 26.2 5.96 26.2

Special/specialed cohort 5.47 24 5.47 24

a Multipliers and acute admissions unit multipliers for levels 0, 1a, 1b, 2 and 3 are from the latest published SNCT
guidance.19 The multiplier for specials/specialed cohorts assumes 24-hour one-to-one care.

b We calculated the corresponding total care HPPD by substituting in the multiplier for the total required daily
establishment in WTE in Equation 5, and 1 patient-day in Equation 6.
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Staff costs

Simulation model technical details

Implementation and experimentation
The simulation was developed on a Microsoft Windows® 10 (Microsoft Corporation, Redmond, WA,
USA) Enterprise operating system, version 1709, build number 16299.726, in AnyLogic 8 researcher
edition software version 8.3.2, build number 8.3.2.201807061745 x64. This used Java™ 2 Standard

TABLE 32 Registered nurse and nursing support worker costs (£) by Agenda for Change band (substantive and
temporary staff)

Agenda for
Change band

Substantive staff Bank staff Agency staff

Salarya
Employer
oncost

Total cost
per hourb Salary

Employer
oncostc

Total cost
per hourb

Salaryd

(agency cap
maximum)

Employer
oncost

Total cost
per houre

1 15,516 8534 12.29

2 16,536 3548 12.63 16,536 2359 11.88 17,978 9888 14.24

3 18,333 4054 14.08 18,333 2736 13.25 19,655 10,810 15.56

4 20,279 4602 15.65 20,279 3144 14.73 22,458 12,352 17.79

5 26,038 6225 20.48 26,038 4353 19.3 28,462 15,654 22.55

6 32,342 8002 25.62 32,342 5676 24.14 35,225 19,374 27.9

7 38,801 9822 30.87 38,801 7032 29.1 41,373 22,755 32.77

8a 45,544 11,722 36.36 45,544 8447 34.28 48,034 26,419 38.05

8b 54,307 14,191 43.49 54,307 10,287 41.01 57,640 31,702 45.66

8c 63,703 16,839 51.14 63,703 12,259 48.23 68,484 37,666 54.25

8d 75,171 20,071 60.47 75,171 14,666 57.04 82,434 45,339 65.3

9 88,526 23,834 71.34 88,526 17,469 67.3 99,437 54,690 78.77

a Mean salary in 2017 as reported in Unit Costs of Health and Social Care.103

b Cost per hour based on annual hours in Unit Costs of Health and Social Care:103 £1590 (42.4 weeks × 37.5) for
bands 2–4 and £1575 (42 weeks × 37.5) for band 5 and above.

c Includes employer National Insurance contribution and assumes 50% bank staff include employer superannuation
payment.

d Salary is upper spine point of range for each band – method adopted in agency cap.106

e Salary per hour based on annual hour calculation for agency cap106 – 52.18 weeks (365.25/7) × 37.5 = £1956.75.

TABLE 33 Agenda for Change unsocial hours pay multipliers113

Agenda for Change band
Weekdays (8 p.m. to 6 a.m.) and
any time Saturday

Any time Sunday and
public holidays

1 1.5 2.00

2 1.44 1.88

3 1.37 1.74

4–9 1.30 1.60
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Edition 8.0 (Oracle Corporation, Redwood Shores, CA, USA) and Fluid library version 2.0.0
(The AnyLogic Company, Quorn, UK; www.anylogic.com).

We used the default random number generator in AnyLogic, an instance of the Java class Random,
which is a linear congruential generator.

Time is modelled as fixed time steps. There are no concurrent events that are interdependent.

There is no warm-up period or model initialisation as each day/shift is independent of the next. The
model is stochastic. The run length is 1 year, and the time units are 6-hour shifts (the model also works
for days). The number of replications is 10.

Running one experiment (1 year, 10 runs) takes between 10 and 20 minutes for the different hospital
trusts on a Dell Latitude (Dell Inc., Round Rock, TX, USA) laptop with an Intel® Core™ (Intel Corporation,
Santa Clara, CA, USA) i5-7300U processor with 2.60-GHz CPU speed, 8-GB RAM and 32 GB ROM.

Computer model sharing statement
For a video demonstration see https://eprints.soton.ac.uk/430632/ (accessed 25 February 2020).
The simulation model is available from the corresponding author on reasonable request. The AnyLogic
simulation software can be downloaded from www.anylogic.com/downloads/ (accessed 25 February 2020).

Simulation model logic
An overview of the simulation logic is shown in Figure 8. Each stage is described in more detail in the
following sections. The simulation was designed to work for any number of wards. The wards are
‘agents’ that interact with each other (within directorates) by lending/borrowing staff in an attempt to
cover shortfalls of staffing in one ward with surplus in another. Outputs are updated at the end of each
time step (day/shift) and aggregated at the end of each year.

Before running the simulation
Before running the simulation for a particular hospital trust, information about its wards is imported
from Microsoft Excel® (Microsoft Corporation, Redmond, WA, USA) files to fill database template
tables within the simulation. The three files contain occupancy data, acuity/dependency data and other
ward information. The occupancy distributions consist of the number of patients, labelled with the
ward identification numbers (a contiguous number for internal purposes and the number used for
external reporting), day of the week and 6-hour-shift. The acuity/dependency distributions consist of
the proportions of patients in each SNCT acuity/dependency level and the proportion of patients who
require specialing, labelled with the ward identification numbers and observation number (used when
sampling a row). The other ward information consists of the baseline staffing levels for each scenario
(in WTE), the skill mix (in the morning, afternoon, evening and night, and over a 24-hour period), the
distribution of staff over 24 hours (proportion of staff deployed in the morning/afternoon/evening/
night), the directorate number, whether or not the ward is an acute admissions unit and some purely
descriptive information (directorate, medical or surgical).

The probabilities of requests for temporary staff being fulfilled is imported from a Microsoft Excel file
into another database template table. The template allows probabilities to differ between bank and
agency, up to three staff types, weekend and weekday, and time period (morning, afternoon, evening
and night, and over a 24-hour period).
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Next, further parameter values that apply globally to the whole hospital trust (the system) are set.
These parameters relate to:

1. nursing staff requirements – acuity/dependency multipliers, specials multiplier, standard deviation of
multipliers, minimum number of registered nurses needed (constraint), demand for registered nurses
with a particular skill

2. permanent staff – the baseline staffing level, the data sample used to calculate the staffing level, the
staff types, absence chance for each staff type, absence length, proportion of registered nurses with
a particular skill

3. re-deployed staff – re-deployment rules, priority sequences for providing and receiving re-deployed
staff, efficiency of re-deployed staff, re-deployed staff shift length

Before run

• Import ward data
• Set parameter values

At start of
run

• Initialise variables
• Calculate planned staffing levels

Before
time step

• Update variables for this period

Before time
step, in each

ward

• Calculate required staffing for each ward

On time step,
in each ward

• Check availability of permanent staff
• Calculate shortfall and spare nursing hours 

On time step

• Re-deploy staff within hospital
• Hire temporary staff
• Assess staffing adequacy

At end of run

• Export outputs  

FIGURE 8 Simulation model overview diagram.
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4. temporary staff – rules for requesting temporary staff, efficiency of bank and agency staff,
temporary staff shift length

5. display settings – the understaffing criterion to plot in charts, e.g. 15% or more under requirement
6. general settings – step length, round-down bound used when converting required hours to

requested hours.

At start of a run
At the start of a run, variables tracking time (the step number and the shift number) are reset to zero.
The wards, staff types and sharing groups are counted. Occupancy distributions are created from the
occupancy data table. Data are placed in arrays, which are convenient structures for working with
multidimensional data.

Then, the establishment (number of staff employed in WTE) is converted to the number of planned
deployed hours per time step (6-hour shift or day), including applying the skill mix, rounding to whole
people and dealing with minimum constraints, as follows. Note that the establishment does not need
to be a whole number as staff may work part time, but the planned number of staff to deploy on each
6-hour shift should be a whole number. As in our other analyses, we use Equation 5 for converting the
planned staffing in WTE to the planned total care hours per day (see Appendix 1).

The planned skill mix (proportion of staff who are registered nurses) and distribution of staff over the
day in each ward is set as the average observed for that ward. There is a constraint that there must be
at least one registered nurse present on each ward, so if the registered nurse hours is under 6, this is
rounded up to 6. Otherwise, the registered nurse hours are rounded up or down to the nearest 6 hours.
The remaining planned hours are assigned to nursing support workers, and again are rounded up or
down to the nearest 6 hours.

For example, suppose that the planned nursing hours for a morning shift on a particular ward are 18,
and the skill mix is 50%. This is equivalent to 9 hours of registered nurse time, which is rounded up to
12 hours. There are 6 hours left to cover, which are assigned to nursing support workers.

The planned deployed hours per day (sum over the four shifts) are converted back into WTE to enable
calculation of the cost of employing this number of permanent staff.

Before time step
Before each time step, that is before the simulation switches to the next period (6-hour shift or day),
the variables for this period are updated. These variables are the time step, the shift (one to four), the
day type (weekday, Saturday or Sunday/bank holiday) and the planned staffing level for this shift. The
deployment array (numbers of staff from each source and of each staff type deployed on each ward in
what capacity) is reset at zero ready to be filled in at the next stages.

Before time step, in each ward
Next, the required staffing for this period is calculated for each ward in turn. For this, first the number
of patients on the ward is sampled from the occupancy distribution for that ward, day of week and
shift (morning, afternoon, evening or night).

Second, the acuity/dependency profile is sampled from the acuity/dependency data. This is done by
selecting a random observation for that ward (we assumed that there were no day of week or time of
day patterns). For each patient, the probability of being in each acuity/dependency category and the
probability of requiring specialing are the corresponding observed proportions. The required staffing
per patient (in WTE) is sampled based on the patient’s acuity/dependency category and specialing
requirements. This is converted into the required staffing level for this period using the skill mix,
distribution of staff over the day and minimum constraints (as for the planned staffing levels), but is
not rounded.
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On time step, in each ward
On the time step, that is, immediately when the period begins, the number of hours of staffing provided
by permanent staff in this period is calculated for each ward. For this, the number of planned staff who
are not unexpectedly absent (i.e. at short notice) is calculated. The chance of being unexpectedly absent
can differ between staff types in the model. All of these staff are allocated to their home ward to start
with. The (absolute) shortfall for each staff type is calculated as required minus allocated hours. Where
applicable, the simulation checks which of the registered nurses working are IV trained (sampled
probabilistically).

Similarly, the spare hours (hours that could be re-deployed to another ward) for each staff type is
calculated. This is the allocated minus the required hours, rounded down to the nearest multiple of
‘re-deployed hours chunk’, as staff can be re-deployed only for fixed time periods.

On time step
Next, staff are re-deployed within sharing groups (directorates) to attempt to cover shortfalls for each
staff type, as shown in Figure 9. The shortfall is rounded up or down (depending on the round-down
bound) to the nearest multiple of ‘re-deployment chunks’. Requests for extra staff are triggered if the
rounded shortfall for that staff type is more than zero, and if either the total shortfall or the staff type
shortfall is more than the trigger (6 hours). To decide the priority of re-deploying extra staff to wards,
lists of wards are sorted using the bubble sort algorithm,160 which works by comparing the shortfall as
a proportion of the requirement (or spare hours as a proportion of requirement) for adjacent wards in
the list and swapping them if they are in the wrong order.

Following this, for the wards that are still requesting extra staff, for each staff type, first bank and then
agency staff are requested, as shown in Figure 10. The hours requested are the shortfall rounded up
or down (depending on the round-down bound) to the nearest multiple of ‘external work time’. The
probability of a request for temporary staff being fulfilled depends on the staff source, the staff type,
whether it is a weekday or a weekend and the time period.

Label first ward requesting extra staff
of this staff type as ‘u’, and first ward

with enough spare nursing hours
to reallocate as ‘s’ 

Does ‘s’ have at least as many spare
nursing hours as requested by ‘u’? 

Yes. Allocate enough spare nursing
hours from ‘s’ to ‘u’ so that ‘u’ reaches

adequate staffing 

No. Allocate all spare nursing hours
from ‘s’ to ‘u’

Update deployed nursing hours, spare
nursing hours and shortfall in nursing

hours. Reorder wards 

Repeat until
either there
are no more

wards
requesting
extra staff

of this type,
or there are

no more
wards with

spare
nursing hours  

FIGURE 9 Summary process flow of staff re-deployment.
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Then, the effective staffing on each ward, given that re-deployed and temporary staff are less efficient
than permanent staff, is calculated. The effective shortfall on each ward is calculated.

The staffing adequacy (understaffed, adequately staffed or overstaffed) on each ward is assessed
according to a range of criteria (e.g. understaffing can be measured as ‘more than 15% under the
requirement’, ‘more than one person short’). Depending which staffing adequacy criterion was chosen
to be displayed, the state chart for each ward is updated (see Figure 1). The running totals of

Label first ward
requesting extra staff
of this staff type as ‘u’

Request the number of
bank staff needed to

cover rounded shortfall 

Calculate how many
bank staff are hired 

Update deployed nursing
hours, spare nursing hours

and shortfall in nursing
hours 

Label first ward
requesting extra staff
of this staff type as ‘u’

Request the number of
agency staff needed to

cover shortfall 

Calculate how many
agency staff are hired 

Update deployed nursing
hours, spare nursing

hours and shortfall in
nursing hours

Repeat until all
requests for bank

staff have been
processed 

Repeat until all
requests for agency

staff have been
processed 

FIGURE 10 Process flow of hiring temporary staff.
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understaffed, adequately staffed and overstaffed time periods per ward are updated, as are the charts
tracking their relative numbers. The array of the total number of staff deployed on wards from
different sources and of different types is updated.

At the end of run (1 year)
At the end of each run, the total permanent staff employed (in WTE) and the number of agency and
bank hours worked across the whole hospital are summed by staff type.

The total yearly costs are calculated. For this, first, the costs of employing staff and hiring temporary
staff at the standard rates are calculated. Then, bonuses for unsocial hours for substantive, bank and
agency staff are added.

The results of the run at both the ward and the hospital level are exported to Microsoft Excel.

Simulation input parameters

TABLE 34 Hospital (system) input parameters for simulation

Parameter Description Value/distribution Source/rationale

Step length Length of time steps.
Demand, supply and
reallocation calculations
happen at the beginning of
each time step

6 hours Six-hour shifts – captures main
staffing changes over day

Round-down
bound

Used for dealing with
fractional people when
requesting permanent staff,
internal re-deployments or
temporary staff

The number of hours is
rounded either up or down to
the nearest assignment length
(4 or 6 hours; see rows
‘Temporary staff shift length’
and ‘Re-deployed staff shift
length’), depending on the
round-down bound. 0 means
always round down, 1 means
always round up, 0.5 means
round to nearest assignment
length and if halfway between
then round up

For example, the hours are
divided by 6. If the remainder
divided by 6 is below the
round-down bound, the hours
are rounded down to the
nearest 6; otherwise they are
rounded up to the nearest 6

0.5 Common way of rounding

Multipliers The SNCT multipliers For general wards: 0.99,
1.39, 1.72, 1.97 and 5.96

For acute admissions units:
1.27, 1.66, 2.08, 2.26 and
5.96

From the SNCT guidance19

continued
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TABLE 34 Hospital (system) input parameters for simulation (continued )

Parameter Description Value/distribution Source/rationale

Specials multiplier The extra hours of care for a
specialed patient

5.4656 Assumes additional 24-hour
one-to-one care. Specials
multiplier = (24 × 1.22 × 7)/37.5

Standard
deviation of
multipliers

Standard deviation of HPPD
required within an acuity/
dependency level

10% of multiplier (0 for
specials). Sample from
normal distribution
truncated at mean ± 2
standard deviations

Assumption. Given the lack of
data on variability of patient
nursing requirements within
acuity/dependency levels, we
investigated different values in
sensitivity analyses

Staffing level Rule for setting the
establishment from SNCT
data

Varied across establishment
scenarios – ‘flexible (low)’,
‘standard’, ‘high’ or ‘vacancy’
– and across data samples –
‘January’, ‘June’, ‘all’ or
‘months’

Unanticipated
absence chance

The chance that a registered
nurse/nursing support worker
will be absent at short notice

4% for nursing support
workers, 3% for registered
nurses

Assumption. Sensitivity analysis.
The total nurse absence rate
was 4.5% in 2016/17,145 but it
is not clear how much of this
was anticipated and so could
be dealt with by adapting
the roster. According to our
hospital trust partners, nursing
support worker absence rate is
higher than registered nurse
absence rate

Absence length The length of an absence
(time steps are independent
of one another)

6 hours Half of a 12-hour shift. Experts
(hospital trust PIs) agreed
reasonable

Temporary staff
shift length

The length of time temporary
staff (bank/agency) are
deployed for

6 hours Half of a 12-hour shift. Experts
(hospital trust PIs) agreed
reasonable

Re-deployed staff
shift length

The length of time
substantive staff are
re-deployed to another ward

4 hours for nursing support
workers and 6 hours for
registered nurses

Half of an 8- or 12-hour shift.
Experts (hospital trust PIs)
agreed reasonable

Staff type
allocation rules

When there are staffing
shortfalls, the order in which
different types of additional
staff are allocated

Like-for-like. Bank before
agency

Experts (hospital trust PIs)
advised that these are
reasonable general rules
(although they will not always
be true)

Efficiency The productivity of
re-deployed/temporary staff

Efficiency of re-deployed/
bank staff – 90%

Efficiency of agency staff –
75%

Assumption. Recognises that
agency staff, who work across
different hospitals, will be less
familiar with ward processes
than re-deployed/bank staff
who are familiar with hospital
but not necessarily with ward

Constraint Minimum number of
registered nurses present on
each ward shift

One per ward and time step Assumption. One registered
nurse must always be present
as there are some tasks only
registered nurses can do and
nursing support workers
require supervision
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TABLE 34 Hospital (system) input parameters for simulation (continued )

Parameter Description Value/distribution Source/rationale

Prioritisation
sequence

Prioritise wards with biggest
proportion shortfall/spare
(rule number 1)

Assumption. Recognises that
will prioritise wards that are
most in need for receiving extra
staff/have most spare for
providing extra staff. Experts
(hospital trust PIs) agreed
reasonable

Vacancy rate 0% Assumption.We also investigated
the effect of a 10% vacancy rate
in each ward

Wards that can
lend/borrow staff

Share across directorate Assumption. Recognises that
staff are trained to work in
particular areas

Probability of a
request for
temporary staff
being fulfilled

Depends on the staff source,
staff type, whether it is a
weekday or a weekend and
the time period

Empirical observed
proportions

Based on data on previous-day
and same-day staffing requests
from hospital trust B

PI, principal investigator.

TABLE 35 Ward (agent) input parameters for simulation

Parameter Description Value/distribution

Number of patients Each time step and, for each ward, the
number of patients

Sampled (with replacement) from observed
(empirical) distributions of patient counts at
7 a.m., 1 p.m., 7 p.m., 1 a.m. for that ward,
separately for each day of the week

Probabilities of patients
being in each acuity/
dependency level and that
patient requires specialing

Each time step and, for each ward, the
probabilities of patients being in each
acuity/dependency level and of patient
requiring specialing; for example, for one
shift on one ward, probabilities are
Prob(level 0) = 0.4, Prob(level 1a) = 0.4,
Prob(level 1b)= 0.2, Prob(level 2) = 0,
Prob(level 3) = 0 and Prob(special) = 0.05

Sampled with replacement from observed
acuity/dependency proportions for that
ward and observed specials proportions for
that ward

Planned skill mix The planned proportion of registered
nurses for the morning, afternoon,
evening and night 6-hour shifts

The average observed skill mix in each
ward for each time period. Note that
planned registered nurse/nursing support
worker hours are subject to a minimum
constraint of one registered nurse and
rounded to the nearest 6 hours

Required skill mix Of the required staffing each 6-hour shift
on each ward, how much is required to be
done by registered nurses

The average observed skill mix in each
ward for each time period but the required
registered nurse/nursing support worker
hours are also subject to a minimum
constraint of one registered nurse
(no rounding)

Planned distribution of
staff over the day

The proportion of planned staffing that
occurs in each 6-hour shift (morning,
afternoon, evening and night)

The average observed proportion of
worked hours in each time period for
each ward

Required distribution of
staff over the day

The proportion of daily staffing required
in each 6-hour shift (morning, afternoon,
evening and night)

As for planned distribution of staff
over day
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Variability within acuity/dependency levels

We have no information about the shape and variability of nursing requirement distributions within
acuity/dependency levels. Even with relatively small variability within acuity/dependency levels
(standard deviation set at 10% of the mean), and assuming that they follow symmetric distributions,
the required staffing for patients in levels 1a, 1b and 2 would overlap substantially, as shown in
Figure 11, and even more so for a standard deviation at 25% of the mean, as shown in Figure 12.

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0 1 2 3 4 5 6 7 8

P
ro

p
o

rt
io

n
 o

f p
at

ie
n

ts

Actual workload multiplier (WTE)

Level 0
Level 1a
Level 1b
Level 2
Level 3

Acuity/dependency
category

FIGURE 12 Histogram of required HPPD if standard deviations within acuity/dependency levels were 25% of the means
(multipliers).
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FIGURE 11 Histogram of required HPPD if standard deviations within acuity/dependency levels were 10% of the means
(multipliers).
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Staff availability

Table 36 shows the empirical percentages of all requested temporary shifts (both bank and agency)
that were filled by bank staff at hospital trust B (i.e. assuming that bank staff were asked first).
Morning shifts are those that start between 7 a.m. and 1 p.m., afternoon shifts start between 1 p.m.
and 7 p.m. and evening/night shifts start between 7 p.m. and 7 a.m. Table 37 shows the percentage
of empirical percentages of agency requests that were filled at hospital trust B. We did not have
equivalent data for the other hospital trusts.

TABLE 36 Percentage of same-day and previous-day bank requests filled at hospital trust B

Requests fulfilled by bank staff Registered nurses Nursing support workers

Weekday

Morning 28% 28%

Afternoon 10% 9%

Evening/night 19% 37%

Weekend

Morning 32% 31%

Afternoon 13% 17%

Evening/night 19% 32%

TABLE 37 Percentage of same-day and previous-day agency requests filled at hospital trust B

Requests fulfilled by agency staff Registered nurses Nursing support workers

Weekday

Morning 15% 36%

Afternoon 9% 5%

Evening/night 45% 44%

Weekend

Morning 19% 43%

Afternoon 14% 14%

Evening/night 37% 39%
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Simulation outputs

TABLE 38 Performance measures used to compare simulation scenarios

Key performance measures Description

Percentage understaffed patient shifts We say a shift is ‘understaffed’ if the total effective staffing (i.e.
accounting for the lower efficiencies of temporary and re-deployed
staff) is < 85% of the estimated requirement according to the SNCT
for the shift. This allows a buffer of 15% either side of the estimated
requirement within which staffing is considered adequate, as is also
done in the RAFAELA tool.47 We consider patient shifts rather than
shifts to estimate how many understaffed shifts individual patients
are exposed to. We express the understaffed patient shifts (the sum
of the occupancies at the start of each understaffed shift) as a
percentage of the total patient shifts (the sum of the occupancies
at the start of each shift)

Cost per patient-day The annual staffing cost divided by the number of patient shifts,
multiplied by four (in our model there are four 6-hour shifts in a day)

Other performance measures

Ward establishments The number of staff employed on each ward under a particular
scenario. Measured in WTEs

Percentage of hours worked by re-deployed/
bank/agency staff

Calculated from hours of staff time provided by re-deployed/bank/
agency staff divided by total hours from all staff × 100

Percentage overstaffed patient shifts We say a shift is ‘overstaffed’ if the total effective staffing (i.e.
accounting for the lower efficiencies of temporary and re-deployed
staff) is more than 15% over the estimated requirement according to
the SNCT for the shift

Percentage of patient shifts with no IV-trained
registered nurse

Used only for the scenario looking at IV-trained nurses

Alternative understaffing criteria

Percentage patient shifts with absolute
understaffing

‘Absolute understaffing’ means the total effective staffing is less than
the estimated requirement for the shift

Percentage patient shifts with at least one
person short

‘At least one person short’ means the total effective staffing is at
least 6 hours below the estimated requirement for the shift

Percentage patient shifts with registered
nurse shortfall

‘Registered nurse shortfall’ means the effective registered nurse
staffing is < 85% of the estimated registered nurse requirement for
the shift

Percentage patient shifts with nursing support
worker shortfall

‘Nursing support worker shortfall’ means the effective nursing
support worker staffing is < 85% of the estimated nursing support
worker requirement for the shift

Percentage patient shifts with both ‘Both’ means there is both ‘registered nurse shortfall’ and ‘nursing
support worker shortfall’ on this shift

Percentage patient shifts with either ‘Either’ means there is either ‘registered nurse shortfall’ or ‘nursing
support worker shortfall’ on this shift
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TABLE 39 Simulation data validity

Category Item Technique(s) used
Justification for
technique used Result/conclusion

Confidence
in result

Collecting and maintaining data SNCT data Pilot study For finding any
issues

It was feasible to collect data on busy
wards. Cognitive testing showed
staffing adequacy questions were
understood as intended

Medium

Inter-rater reliability For checking how
well SNCT ratings
agree between
responders

At the shift level, based on the
calculation of total staffing scores
using the multipliers there was
agreement within ±5% of the joint
mean on 95% of occasions (in total
847 patients were rated independently
by two raters across 81 shifts)

Testing relationships within data Checking
aggregations correct

Checking numbers of records before
and after merging data tables

Standard way Numbers were consistent High

Screening for outliers and
determining whether correct
(and deciding whether to include
in model)

Weighted-average
multipliers

Screening: points outside the mean plus
or minus 3 standard deviations for
weighted-average multipliers

Whether or not correct: compared
against ward change dates and known
unusual times of year (e.g. Christmas
and New Year)

Deciding whether or not to include in
model: removed because likely to be
data error

Standard technique
combined with
practical insights

Outliers dealt with appropriately High

Patient numbers Screening: looked at periods with small
numbers of patients

Whether or not correct: compared
against ward change dates and known
unusual times of year (e.g. Christmas
and New Year)

Deciding whether or not to include in
model: removed small; numbers of
patients during ward change periods
but kept if due to unusual time of year
(e.g. Christmas)
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TABLE 40 Conceptual model validity

Category Item
Technique(s)
used Details

Justification for technique
used Result/conclusion

Confidence
in result

Assumptions Independence of requirements
between time periods

Face validity Team meeting, steering
group

No data available on this No data on how time periods
may depend on one another,
so best we can do

Low

Independence of requirements in
different wards

Face validity Team meeting, steering
group

No data available on this No reason to suppose wards
do interact

Medium

Order of re-deploying staff to
wards

Face validity Team meeting, steering
group. Expert opinion on
how would prioritise
re-deploying staff

Because we want to
generalise results, we are
interested in a sensible
likely method rather than
capturing the details of how
each hospital/directorate
currently does this

After a few iterations,
agreed internal
re-deployment, then bank
then agency, and like-for-like
substitutions

Medium–high

Temporary staff shift length Face validity Team meeting, steering
group

Because we want
generalisable results,
we want a sensible
approximation

Agreed that using multiples
of 6 hours would capture
most shift patterns

Medium–high

Re-deployed staff shift length Face validity Team meeting, steering
group

Because we want
generalisable results,
we want a sensible
approximation

Agreed that using multiples
of 6 hours for registered
nurses and 4 hours for
nursing support workers
would capture most shift
patterns

Medium–high

Absence length Face validity Team meeting, steering
group

Because we want
generalisable results,
we want a sensible
approximation

Agreed that using multiples
of 6 hours would capture
most shift patterns

Medium–high
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Category Item
Technique(s)
used Details

Justification for technique
used Result/conclusion

Confidence
in result

Model
representation

Rounding logic Structured
walkthrough

With PG and JJ, showed
Microsoft Excel sheet with
step-by-step calculations
for translating baseline
staffing in WTE into
registered nurse and
nursing support worker
staffing per shift

To agree sensible logic for
rounding staffing levels
with other quantitative
researchers

Agreed after a few iterations High

Structure, detail and aggregate
relationships (wards and
hospitals), logic, mathematical
(e.g. calculating requirements)
and causal relationships
(e.g. understaffing leads to
re-deploying staff)

Face validation Showed logical steps of
(various iterations of)
model in presentations to
steering group and to
hospital trust PIs

To build credibility and gain
expert opinion from steering
group and trust PIs

Trust PIs and steering group
agreed in general with the
conceptual model, and
suggested some changes
(such as how staffing
requirements are calculated
for specials) that were
incorporated in subsequent
iterations of model
development

High

PI, principal investigator.
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TABLE 41 Operational validity of simulation

Category/item
Technique(s)
used Details

Justification for
technique used Result/conclusion

Confidence
in result

Assumptions Sensitivity
analyses with
design of
experiments

2k factorial
design

Used to test how
much outputs are
influenced by
parameters we do
not have data for

Apart from the round-
down bound, the other
factors made less than
a 5-percentage point
difference to the
percentage understaffed
patient shifts and less
than a £0.50 difference
to cost per patient-day.
We agreed with our
hospital trust partners
that rounding to the
nearest whole person
rather than always
rounding up was more
realistic

High

Input–output
relationships

Face validity Circulated
around team

Building credibility
and expert opinion

No scenario simulation
results were identified as
unlikely/surprising

High

Internal
validity

Replications Determining
stochastic
variability using
10 replications
of 1 year

Standard
technique

The between-year
variation at hospital level
is low enough that
alternative scenarios have
significantly different
results

High

TABLE 42 Computer model verification

Category/item
Technique(s)
used Justification for technique used

Result/
conclusion

Confidence
in result

Error-free simulation
language, simulation
language properly
implemented

Trace Used a simulation language so simulation
debugger picked up most errors in the
language. CS checked for problems (e.g. with
array sizes) by tracing through calculations

Yes High

Model programmed
correctly

Animation,
operational
graphics,
trace

Animation of numbers of staff from each
source used to show whether re-deployments
working correctly

Operational graphics of understaffed/
overstaffed wards over time used to quickly
spot errors, e.g. all wards understaffed

Put in actual staffing levels, occupancy and
acuities. Compared understaffed shifts output
of simulation with actual understaffed shifts

Yes High

Pseudo random
number generator
properly implemented

Trace Used standard AnyLogic in-built random
number generator, so this has already been
tested for correctness, so just needed to check
that sampling was working correctly in our
model

Yes High
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Simulation scenarios

TABLE 43 Overall simulation verification and validity

Evaluation area Overall conclusion Justification for overall conclusion
Confidence
in conclusion

Conceptual
model validity

The model is a sufficiently accurate
representation of the real world

Model developed in partnership with
nursing experts from four hospital
trusts (not high because some of the
data needed to check assumptions are
not readily available)

Medium to
high

Computer model
verification

Computer model programmed correctly Range of techniques used throughout
model development process

High

Operational
validity

The simulation model results are
similar enough between runs to be able
to draw conclusions

Face validity was tested and variability
between run results was low

High

Data validity Data sufficiently valid – improving data
validity further unlikely to impact
conclusions

Outliers were removed, although it is
hard to distinguish between valid and
invalid outliers. Inter-rater reliability
between SNCT ratings was high

Medium to
High

TABLE 44 Simulation scenario descriptions

Establishment scenario Scenario name Description

Method for setting the
baseline staffing

Standard staffing This scenario corresponds to the current guidelines for
using the SNCT.19 Here the ward establishments are the
mean average of the staffing requirements according to the
SNCT assessed over an observation period

Flexible (low) staffing In this scenario we model a situation in which
establishments are set to provide a core staff group that
would be sufficient on shifts with low demand, with the
intention that, on shifts with higher demand, additional staff
are re-deployed from other wards. NICE11 identified staffing
of more than 20% below plan as a possible red flag. We set
the staffing levels at 80% of the mean average requirements,
presuming that, in the face of average demand, this staffing
level represents a bare minimum that is acceptable

High staffing This scenario is considered to see whether or not a higher than
standard level of staffing could improve cost-effectiveness
because fewer temporary staff are needed. This scenario sets
the establishments at the 90th percentile of required staffing
according to the SNCT over an observation period. This is
calculated using the quantile procedure in R using type 7
(the default), which is equivalent to the PERCENTILE function
in Microsoft Excel

Vacancies This scenario assumes that the establishments are set as for
standard staffing, but accepts that there are unfilled posts.
It assumes that the establishments are set at the mean
required levels according to the SNCT over an observation
period, but that 10% of posts are unfilled, roughly the
current national nursing staff vacancy rate1
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TABLE 44 Simulation scenario descriptions (continued )

Establishment scenario Scenario name Description

Scenarios exploring system complexity

Short-notice availability
of temporary staffa

Empirical The chance of there being a temporary staff member
available to cover shifts at short notice is based on empirical
data from hospital trust B (see Tables 36 and 37). The
probabilities differ by registered nurses/nursing support
workers, weekday/weekend and shift

Bank and agency 50% Regardless of the staff type, day of week or shift, there is a
50% chance of bank staff being available to cover a shift at
short notice. For each shift left unfilled by bank staff, there
is a 50% chance of agency staff being available to cover

Bank 50%, agency 90% Analogous to above

Empirical bank, agency 90% Analogous to above

Bank 90%, agency 90% Analogous to above

Data samples used to
determine the
establishmentb

June First 20 available weekdays of June (or following month if
unavailable)

January First 20 available weekdays of January (or following month
if unavailable)

Months First 2 available weekdays of each month

All All available (up to 363 days)

Measuring patient
nursing needs when
setting establishment

Standard multiplier Patients are assigned to SNCT acuity/dependency
categories when setting baseline staffing levels

Fixed (average) multiplier Assumes all patients are assigned the average multiplier
(across all hospital trusts) when setting baseline staffing
levels

Use of re-deployed staff Internal re-deployment When extra staff are requested, staff are first re-deployed
between wards in the same directorate before bank and
then agency staff are requested

No internal re-deployment Staff are never re-deployed between wards

Percentage of
registered nurses who
are IV trained

0%, 10%, 20%, 30%, 40%,
60%, 80% and 100%

Each shift, each registered nurse has this chance of being IV
trained

Costs Core assumption This scenario assumes that agency costs are capped and
that the band mix of nursing support workers is the same as
in empirical data

Increased agency cost Here agency staff cost 10% more than in core assumption.
We chose to look at this because caps are regularly
exceeded where necessary to ensure patient safety106,161

Increased nursing support
worker cost

Here nursing support workers cost 10% more than in core
assumption. We investigated this scenario because of the
new roles including nursing associates that are being
introduced162

a All assume that bank staff are asked to cover shifts first, and any remaining shifts are offered to agency staff.
b Where needed for wards that have no data, for example in the second half of the year, we applied the average

percentage increase/decrease between months for other wards at that hospital to obtain the baseline staffing levels
for the ‘June’, ‘January’ and ‘months’ scenarios.

In each set of scenarios, the first option is the core assumption.
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Coefficients and baseline parameters used in cost-effectiveness models

TABLE 45 Coefficients and baseline parameters used in cost-effectiveness models

Parameter Coefficient Valuea

Mortalityb effect (95% confidence interval)

Day of low registered nurse staffing HR 1.03 1.01 to 1.06

Day of low nursing support worker staffing HR 1.04 1.02 to 1.07

Temporary staffing modelsc

Day of low registered nurse staffing HR 1.03

Day of low nursing support worker staffing HR 1.05

Day of high temporary registered nurse staffing HR 1.12

Day of high temporary nursing support worker staffing HR 1.05

Baseline mortality rated

Hospital trust A % 3.21

Hospital trust B % 3.87

Hospital trust C % –

Hospital trust D % 3.15

Length of stay effectb

Average registered nurse staffing relative to mean Beta –0.23

Average nursing support worker staffing relative to mean Beta 0.076

Mean length of stay (in 5 days)e

Hospital trust A Days 3.65 2.89

Hospital trust B Days 6.33 3.74

Hospital trust C Days 4.80 3.14

Hospital trust D Days 5.05 3.15

Cost of excess bed-dayf £ 337

HR, hazard ratio.
a Values reported here are rounded; however, for the modelling reported here, we used precise values as

originally calculated.
b Derived from Griffiths et al.6

c As the temporary staffing models also included the effect of low staffing in the original analysis, we used the low
staffing coefficients from the model that generated the temporary staffing coefficients, hence the slight differences.

d Derived from NHS Digital.126

e Derived from NHS Digital.127

f Derived from NHS Improvement.105
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Appendix 2 Descriptive analysis details to
supplement Chapter 4

TABLE 46 Ward participation by hospital trust

Hospital
trust

Participating
wards (n)

Potentially
eligible (n) Percentage Notes

A 19 20 95% One ward supplied no staffing adequacy data (so was
deemed to have elected not to participate)

B 31 33 94% Private patients ward did not use the SNCT plus one ward
supplied staffing adequacy and SNCT data for only part of
the rostered ward

C 12 12 100%

D 19 29 64% A number of specialist wards (e.g. oncology) where SNCT and
multipliers were deemed unsuitable/not implemented by the
hospital trust and mixed wards including high-dependency
units did not provide data

All 81 94 86%

TABLE 47 Ward date restrictions and changes

Hospital
trust Ward Date range Reason

A 10a To 31 March 2017 More beds in winter

A 10b 1 April 2017–30 September 2017

A 10c From 1 October 2017

A 11 To 26 June 2017 Ward closure

A 19 To 31 May 2017 Ward changed specialty (patients and staff).
Did not take part after change

A 21a To 23 June 2017 Ward changed specialty

A 21b From 10 September 2017

B All From various dates in February 2017 Data collection began late

B 5a To 5 October 2017 Ward changed specialty

B 5b From 8 October 2017

B 9a To 7 October 2017 Ward changed specialty

B 9b From 8 October 2017

C 4 To 31 August 17 Ward split into three and no longer took part
in study

C 5 To 31 July 17 and from 1 October 2017 Wards 5 and 6 (neighbouring wards) appear to
have been rostered together in August and
September, but separately for the rest of the
year, so we decided to remove these 2 months

C 6 To 31 July 2017 and from 1 October 2017

All All Removed 25 March 2017 and 28 October 2017 Days (7 a.m.–7 a.m.) with daylight saving time
changes
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TABLE 48 Ward profiles

Hospital
trust From date To date

Ward
IDa

Medical
or surgical

Assessment
unit

Total
beds
(n)

Single
rooms
(n)

Early (n) Late (n) Night (n)

Mainly
12-hour
shifts?

Registered
nurse

Nursing
support
worker

Registered
nurse

Nursing
support
worker

Registered
nurse

Nursing
support
worker

A 1 January 2017 31 March 2017 1 Medical Yes 30 6 7 5|6 7 4.5|5.5 5|6 1 Yes

A 1 January 2017 30 September 2017 2 Medical 28 14 4|7 4|3 3|5 3 2|3 2|3 Yes

A 1 January 2017 31 December 2017 3 Medical 23 15 4 3 3 2 2 2 Yes

A 1 January 2017 31 December 2017 6 Medical 8 6 3 1 3 1 2 0 Yes

A 1 January 2017 31 December 2017 8 Medical 17 5 3 2 3 2 2 1 Yes

A 1 January 2017 31 March 2017 10a Medical 34 4 4 6 4 5 3 3 Yes

A 1 April 2017 30 September 2017 10b Medical 20 4 3 3 3 3 2 2 Yes

A 1 October 2017 31 December 2017 10c Medical 34 4 4 6 4 5 3 3 Yes

A 1 January 2017 26 June 2017 11 Medical 20 4 3 3 2 2 2 2 Yes

A 1 January 2017 31 December 2017 12 Medical 20 4 3 3 2 2 2 2 Yes

A 1 January 2017 31 December 2017 13 Medical 20 4 3 3 2 2 2 2 Yes

A 1 January 2017 31 December 2017 14 Medical 12 9 3 2 2 2 2 2 Yes

A 1 January 2017 31 December 2017 15 Medical Yes 24 16 7 3 5 3 3 3 Yes

A 1 January 2017 31 December 2017 16 Medical/
surgical

20 8 3 3 3 3.5 2 1.5 Yes

A 1 January 2017 31 December 2017 17 Medical 42 11 6 8 5 7 5 4 Yes

A 1 January 2017 31 December 2017 18 Surgical Yes 12 1 2 2 2 2 2 1 Yes

A 1 January 2017 31 May 2017 19 Surgical 19 12 3 4 3 3 2 2 Yes

A 1 January 2017 31 December 2017 20 Surgical 24 4 4 3 4 2 2 2 Yes

A 1 January 2017 23 June 2017 21a Surgical 27 7 6 4 5 3 3 2 Yes

A 10 September 2017 31 December 2017 21b Surgical 28 13 4 5 4 3 3 3 Yes

A 1 January 2017 31 March 2017 22 Surgical 30 8 5|4 4|5 4 3 2|3 3 Yes

A 1 January 2017 17 June 2017 23 Surgical 30 8 5 4 4 3 3 2|3 Yes

B 6 February 2017 31 December 2017 1 Medical/
surgical

23 7 5 3 5 3 3 2 Combination
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Hospital
trust From date To date

Ward
IDa

Medical
or surgical

Assessment
unit

Total
beds
(n)

Single
rooms
(n)

Early (n) Late (n) Night (n)

Mainly
12-hour
shifts?

Registered
nurse

Nursing
support
worker

Registered
nurse

Nursing
support
worker

Registered
nurse

Nursing
support
worker

B 6 February 2017 31 December 2017 2 Medical 36 12 7 3 7 3 4 3 Combination

B 6 February 2017 31 December 2017 3 Surgical/
Medical

36 12 6 4 6 4 4 2 Combination

B 6 February 2017 5 October 2017 5a Surgical 28 4 5 3 5 3 4 3 Combination

B 8 October 2017 31 December 2017 5b Medical 28 4 4 5 4 5 3 4 Combination

B 6 February 2017 31 December 2017 6 Medical 30 4 5 3 5 3 4 2 Combination

B 7 February 2017 31 December 2017 7 Medical 34 4 6 4 6 4 4 2 Combination

B 6 February 2017 31 December 2017 8 Surgical 27 2 5 2 4 2 4 2 Combination

B 6 February 2017 7 October 2017 9a Surgical 36 4 6 4 6 4 5 3 Combination

B 8 October 2017 31 December 2017 9b Surgical 28 4 6 4 6 4 5 3 Combination

B 6 February 2017 31 December 2017 10 Surgical 36 4 7 5 7 5 4 3 Combination

B 6 February 2017 31 December 2017 11 Medical/
Surgical

36 12 7 4 7 3 4 2 Combination

B 6 February 2017 31 December 2017 12 Surgical 27 12 6 2 6 2 3 2 Combination

B 6 February 2017 31 December 2017 13 Surgical 30 4 5 3 5 3 4 2 Combination

B 6 February 2017 31 December 2017 14 Surgical 34 4 6 3 6 3 4 2 Combination

B 6 February 2017 31 December 2017 15 Medical 18 12 3 3 3 3 2 3 Combination

B 9 February 2017 31 December 2017 16 Medical 40 0 8 4 8 4 7 3 Combination

B 6 February 2017 31 December 2017 17 Medical 36 12 6 4 6 4 4 2 Combination

B 6 February 2017 31 December 2017 18 Medical 13 4 2 3 2 3 2 1 Combination

B 6 February 2017 31 December 2017 19 Medical 30 4 6 4 5 4 4 2 Combination

B 6 February 2017 31 December 2017 20 Medical 29 2 6 4 5 4 4 2 Combination

B 6 February 2017 31 December 2017 21 Medical 34 4 8 5 8 5 7 5 Combination

B 6 February 2017 31 December 2017 22 Medical/
surgical

44 21 9 3 34 9 7 3 Combination
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TABLE 48 Ward profiles (continued )

Hospital
trust From date To date

Ward
IDa

Medical
or surgical

Assessment
unit

Total
beds
(n)

Single
rooms
(n)

Early (n) Late (n) Night (n)

Mainly
12-hour
shifts?

Registered
nurse

Nursing
support
worker

Registered
nurse

Nursing
support
worker

Registered
nurse

Nursing
support
worker

B 7 February 2017 31 December 2017 23 Medical 23 11 4 3 4 3 3 2 Combination

B 6 February 2017 31 December 2017 24 Medical 29 2 6 4 5 4 4 2 Combination

B 7 February 2017 31 December 2017 25 Medical 30 10 6 4 5 4 4 2 Combination

B 6 February 2017 31 December 2017 26 Medical 21 7 3 3 3 3 3 2 Combination

B 6 February 2017 31 December 2017 28 Medical/
surgical

14 3 4 1 4 1 3 1 Combination

B 6 February 2017 31 December 2017 29 Medical/
surgical

22 5 6 3 6 3 5 2 Combination

B 6 February 2017 31 December 2017 30 Medical/
surgical

14 2 4 2 4 2 3 1 Combination

B 6 February 2017 31 December 2017 31 Surgical Yes 28 4 6 2 6 2 4 2 Combination

B 6 February 2017 31 December 2017 32 Surgical 10 0 3 1 4 1 3 0 Combination

B 7 February 2017 31 December 2017 33 Medical Yes 63 0 18 8 18 8 15 7 Combination

C 1 January 2017 31 December 2017 1 Medical/
surgical

11 3 3 1 3 1 2 1 Yes

C 1 January 2017 31 December 2017 2 Medical/
surgical

16 6 5 2 4 2 2 1 Yes

C 1 January 2017 31 December 2017 3 Medical/
surgical

13 13 5 1 4 1 2 1 Yes

C 1 January 2017 31 August 2017 4 Medical/
surgical

21 21 8 2 7 2 6 1 Yes

C 1 January 2017
until 31 July 2017

1 October 2017
until 31 December
2017

5 Medical 16 16 7 2 6 2 4 1 Yes
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Hospital
trust From date To date

Ward
IDa

Medical
or surgical

Assessment
unit

Total
beds
(n)

Single
rooms
(n)

Early (n) Late (n) Night (n)

Mainly
12-hour
shifts?

Registered
nurse

Nursing
support
worker

Registered
nurse

Nursing
support
worker

Registered
nurse

Nursing
support
worker

C 1 January 2017
until 31 July 2017

1 October 2017
until 31 December
2017

6 Medical 12 4 5 2 4 2 2 1 Yes

C 1 January 2017 31 December 2017 8 Medical/
surgical

17 17 7 2 6 2 5 1 Yes

C 1 January 2017 31 December 2017 9 Medical 14 2 4 1 4 1 3 0 Yes

C 1 January 2017 31 December 2017 10 Medical/
surgical

15 1 4 1 4 1 3 0 Yes

C 1 January 2017 31 December 2017 11 Medical/
surgical

16 1 5 1 4 0 3 0 Yes

C 1 January 2017 31 December 2017 12 Medical/
surgical

8 6 3 1 3 1 3 1 Yes

C 1 January 2017 31 December 2017 13 Medical 8 8 3 1 3 1 2 1 Yes

D 1 January 2017 31 December 2017 1 Medical/
surgical

23 8 5 3 4 3 2 2 Combination

D 1 January 2017 31 December 2017 3 Medical 20 6 5 2 5 2 4 1 Combination

D 1 January 2017 31 December 2017 5 Medical/
surgical

36 0 7 3 7 2 4 2 Combination

D 1 January 2017 31 December 2017 6 Medical/
surgical

28 4 5 3 4 3 3 2 Combination

D 1 January 2017 31 December 2017 7 Medical/
surgical

34 4 6 4 5 4 4 2 Combination

D 1 January 2017 31 December 2017 8 Medical/
surgical

30 4 5 3 5 3 4 2 Combination

D 1 January 2017 31 December 2017 9 Medical 28 4 5 3 4 3 3 2 Combination

D 1 January 2017 31 December 2017 11 Medical 26 4 4 4 4 3 3 3 Combination

D 1 January 2017 31 December 2017 12 Medical 28 0 4 4 4 3 2 2 Combination
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TABLE 48 Ward profiles (continued )

Hospital
trust From date To date

Ward
IDa

Medical
or surgical

Assessment
unit

Total
beds
(n)

Single
rooms
(n)

Early (n) Late (n) Night (n)

Mainly
12-hour
shifts?

Registered
nurse

Nursing
support
worker

Registered
nurse

Nursing
support
worker

Registered
nurse

Nursing
support
worker

D 1 January 2017 31 December 2017 13 Medical 26 4 4 4 4 2 3 2 Combination

D 1 January 2017 31 December 2017 14 Medical/
surgical

28 4 4 5 4 5 3 3 Combination

D 1 January 2017 31 December 2017 15 Medical/
surgical

24 4 5 2 5 2 4 2 Combination

D 1 January 2017 31 December 2017 16 Surgical 18 0 3 2 3 2 2 1 Combination

D 1 January 2017 31 December 2017 17 Surgical 18 2 3 2 3 2 2 1 Combination

D 1 January 2017 31 December 2017 18 Surgical 36 0 7 4 7 4 4 2 Combination

D 1 January 2017 31 December 2017 19 Surgical 29 4 6 2 6 1 3 1 Combination

D 1 January 2017 31 December 2017 20 Surgical 32 0 6 4 6 4 5 3 Combination

D 1 January 2017 31 December 2017 21 Surgical 34 4 5 5 5 4 4 4 Combination

D 1 January 2017 31 December 2017 22 Surgical 24 4 4 3 4 3 3 3 Combination

a Different periods in the same ward are denoted by letters ‘a’, ‘b’, etc.
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TABLE 49 Number of responses, in ward-days (percentage completeness), by hospital trust

Hospital
trust

Theoretical
maximum SNCT ratings

‘Enough staff
for quality’

‘Nursing care
left undone’

‘Staff breaks
missed’

‘Registered
nurses needed’

‘Nursing support
workers needed’

A 6419 6363 (99.1%) 6017 (93.7%) 5930 (92.4%) 5922 (92.3%) 6086 (94.8%) 6072 (94.6%)

B 10,130 9802 (96.8%) 9329 (92.1%) 9329 (92.1%) 9329 (92.1%) 9182 (90.6%) 9182 (90.6%)

C 4113 3858 (93.8%) 3492 (84.9%) 3492 (84.9%) 3492 (84.9%) 3433 (83.5%) 3423 (83.2%)

D 6897 6339 (91.9%) 4754 (68.9%) 4735 (68.7%) 4751 (68.9%) 4753 (68.9%) 4756 (69.0%)

Total 27,559 26,362 (95.7%) 23,592 (85.6%) 23,486 (85.2%) 23,494 (85.2%) 23,454 (85.1%) 23,433 (85.0%)

TABLE 50 Number of valid responses, in ward-days (percentage validity), by hospital trust

Hospital
trust Patient-days SNCT ratings

‘Enough staff
for quality’

‘Nursing care
left undone’

‘Staff breaks
missed’

‘Registered
nurses needed’

‘Nursing support
workers needed’

Deviation between
calculated requirement
and actual staffing

A 6419 (100.0%) 6307 (99.1%) 5987 (99.5%) 5924 (99.9%) 5892 (99.5%) 5407 (88.8%) 5415 (89.2%) 6245 (98.1%)

B 10,130 (100.0%) 9715 (99.1%) 9329 (100.0%) 9329 (100.0%) 9329 (100.0%) 9119 (99.3%) 9119 (99.3%) 9669 (98.6%)

C 4080 (99.2%) 3837 (99.5%) 3483 (99.7%) 3489 (99.9%) 3482 (99.7%) 2932 (85.4%) 2934 (85.7%) 3796 (98.4%)

D 6897 (100.0%) 6295 (99.3%) 4747 (99.9%) 4730 (99.9%) 4743 (99.8%) 1358 (28.6%) 1408 (29.6%) 6251 (98.6%)

Total 27,526 (99.9%) 26,154 (99.2%) 23,546 (99.8%) 23,472 (99.9%) 23,446 (99.8%) 18,816 (80.2%) 18,876 (80.6%) 25,961 (98.5%)
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TABLE 51 Number of observations linked across data sets, in ward-days (as percentage of larger data set), by hospital trust

Hospital
trust

Total nursing
staff needed

Increase in
total nursing
staff needed

Increase in
‘registered
nurses needed’

Increase in
‘nursing support
workers needed’

‘Enough staff for
quality’ and deviation
between calculated
requirement and
actual staffing

‘Nursing care left
undone’ and deviation
between calculated
requirement and
actual staffing

‘Staff breaks missed’
and deviation
between calculated
requirement and
actual staffing

A 5392 (99.6%) 1074 (19.9%) 995 (18.5%) 1020 (18.9%) 5793 (92.8%) 5733 (91.8%) 5704 (91.3%)

B 9119 (100.0%) 873 (9.6%) 896 (9.8%) 872 (9.6%) 8852 (91.6%) 8852 (91.6%) 8852 (91.6%)

C 2921 (99.6%) 335 (11.5%) 316 (10.8%) 343 (11.7%) 3283 (86.5%) 3290 (86.7%) 3283 (86.5%)

D 1357 (96.4%) 240 (17.7%) 296 (21.8%) 202 (14.9%) 4436 (71.0%) 4419 (70.7%) 4432 (70.9%)

Total 18,789 (99.5%) 2522 (13.4%) 2503 (13.3%) 2437 (13.0%) 22,364 (86.1%) 22,294 (85.9%) 22,271 (85.8%)
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Sample sizes for shift-level data

TABLE 52 Number of responses, in ward shifts (percentage completeness), by hospital trust

Hospital
trust

Theoretical
maximum SNCT ratings

Calculated
staffing
requirementa

‘Enough staff
for quality’

‘Nursing care
left undone’

‘Staff breaks
missed’

‘Registered
nurses needed’

‘Nursing support
workers needed’

A 25,676 13,047 (50.8%) 24,490 (95.4%) 12,478 (48.6%) 12,115 (47.2%) 12,078 (47.0%) 12,666 (49.3%) 12,651 (49.3%)

B 40,520 17,008 (42.0%) 34,016 (83.9%) 17,469 (43.1%) 17,469 (43.1%) 17,469 (43.1%) 17,008 (42.0%) 17,008 (42.0%)

C 16,452 10,114 (61.5%) 14,152 (86.0%) 9305 (56.6%) 9310 (56.6%) 9311 (56.6%) 8933 (54.3%) 8920 (54.2%)

D 27,588 16,231 (58.8%) 22,860 (82.9%) 11,987 (43.5%) 11,936 (43.3%) 11,996 (43.5%) 11,991 (43.5%) 11,994 (43.5%)

Total 110,236 56,400 (51.2%) 95,518 (86.6%) 51,239 (46.5%) 50,830 (46.1%) 50,854 (46.1%) 50,598 (45.9%) 50,573 (45.9%)

a Uses SNCT rating at start of shift, or end if missing.

TABLE 53 Number of valid responses, in ward shifts (percentage validity), by hospital trust

Hospital
trust Patient-days SNCT ratings

‘Enough staff
for quality’

‘Nursing care
left undone’

‘Staff breaks
missed’

‘Registered
nurses needed’

‘Nursing support
workers needed’

Deviation between
calculated requirement
and actual staffing

A 25,676 (100.0%) 12,940 (99.2%) 12,419 (99.5%) 12,101 (99.9%) 11,994 (99.3%) 11,485 (90.7%) 11,491 (90.8%) 24,140 (98.6%)

B 40,520 (100.0%) 16,853 (99.1%) 17,469 (100.0%) 17,469 (100.0%) 17,469 (100.0%) 16,908 (99.4%) 16,908 (99.4%) 33,585 (98.7%)

C 16,312 (99.1%) 10,061 (99.5%) 9283 (99.8%) 9305 (99.9%) 9268 (99.5%) 7724 (86.5%) 7747 (86.8%) 14,000 (98.9%)

D 27,588 (100.0%) 16,120 (99.3%) 11,964 (99.8%) 11,921 (99.9%) 11,920 (99.4%) 3768 (31.4%) 3888 (32.4%) 22,623 (99.0%)

Total 110,096 (99.9%) 55,974 (99.2%) 51,135 (99.8%) 50,796 (99.9%) 50,651 (99.6%) 39,885 (78.8%) 40,034 (79.2%) 94,348 (98.8%)
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Ward sizes and occupancy

Skill mix and band mix for substantive, bank and agency staff

TABLE 54 Number of observations linked across data sets, in ward shifts (as percentage of larger data set), by hospital trust

Hospital
trust

Total nursing
staff needed

‘Enough staff for quality’
and deviation between
calculated requirement
and actual staffing

‘Nursing care left undone’
and deviation between
calculated requirement
and actual staffing

‘Staff breaks missed’
and deviation between
calculated requirement
and actual staffing

A 11,461 (99.7%) 12,026 (49.8%) 11,716 (48.5%) 11,613 (48.1%)

B 16,908 (100.0%) 16,091 (47.9%) 16,091 (47.9%) 16,091 (47.9%)

C 7706 (99.5%) 8761 (62.6%) 8784 (62.7%) 8747 (62.5%)

D 3763 (96.8%) 11,377 (50.3%) 11,335 (50.1%) 11,334 (50.1%)

Total 39,838 (99.5%) 48,255 (51.1%) 47,926 (50.8%) 47,785 (50.6%)

TABLE 55 Ward size and occupancy summary by hospital trust

Hospital
trust

Ward beds range
(minimum–maximum)

Mean ward
patients at 7 a.m.

Mean within-ward standard
deviation of patients at 7 a.m.

A 8–42 22.6 2.1

B 10–63 29.9 1.7

C 8–21 12.0 1.7

D 18–36 25.7 2.0

TABLE 56 Skill mix by employment type

Hospital
trust Staff type

Skill
mix (%)

Nursing support workers (%) Registered nurses (%)

Band 2 Band 3 Band 4 Band 5 Band 6 Band 7 Band 8

A Substantive 54 78 17 5 77 16 7 < 1

Bank 40 98 2 < 1 88 11 1

Agency 59 100 100

B Substantive 60 89 10 1 80 15 4

Bank 34 96 2 2 98 2 < 1 < 1

Agency 56 100 100

C Substantive 80 18 82 32 62 6

Bank 62 54 46 < 1 13 85 2

Agency 54 96 4 < 1 96 4

D Substantive 52 77 7 16 71 22 8 < 1

Bank 32 98 2 97 3

Agency 40 100 100
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Days over and under the calculated care requirement

Ward information summary by hospital trust

TABLE 57 Mean percentage of days per ward with actual staffing under and over the calculated care requirement,
by hospital trust

Hospital
trust

‘Understaffed’
(more than 15% under
calculated requirement)

Under calculated
requirement

Over calculated
requirement

‘Overstaffed’
(more than 15% over
calculated requirement)

Without specialing

A 32.1% 67.9% 32.1% 16.1%

B 28.3% 70.8% 29.2% 9.7%

C 1.6% 8.5% 94.3% 82.9%

D 32.5% 71% 29% 11.4%

With specialing

A 38.7% 71.7% 29.9% 14.8%

B 55.7% 84.4% 15.6% 6.9%

C 2.2% 10.8% 91% 77.1%

D 63.2% 86.9% 13.8% 6.5%

TABLE 58 Ward information summary by hospital trust

Hospital
trust

Number of medical,
surgical and mixed
wards, respectively

Mean percentage
single rooms
(minimum, maximum)

Mean ward average daily
turnover, as admissions and
discharges per care-hour
(minimum, maximum)

Mean ward
standard deviation
of daily turnover, as
percentage of mean

A 12 6 1 36% (8%, 75%) 0.08 (0.02, 0.29) 60%

B 15 9 7 22% (0%, 67%) 0.06 (0.01, 0.24) 67%

C 4 0 8 58% (6%, 100%) 0.04 (0.02, 0.07) 67%

D 5 7 7 12% (0%, 35%) 0.05 (0.02, 0.13) 57%

All wards 36 22 23 28% (0%, 100%) 0.06 (0.01, 0.29) 63%
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Appendix 3 Reliability and validity of the
Safer Nursing Care Tool: details to
supplement Chapter 5

TABLE 59 Mean ward patient counts at various time points

Hospital trust

Average patient count over time period Patient count at time point

7 a.m.–1 p.m. 1 p.m.–7 p.m. 7 p.m.–1 a.m. 1 a.m.–7 a.m. 7 a.m. 1 p.m. 7 p.m. 1 a.m.

A 21.8 21.2 21 21.5 22.6 23.7 22.6 21.9

B 28.9 28.4 28 28.6 29.9 31 30.1 29.3

C 11.5 11.4 11.5 11.5 11.9 12.7 11.8 11.4

D 25.2 24.7 24.6 25.1 25.7 26.6 25.9 25.5

TABLE 60 Calculated staffing requirements by day of week

Day of week

With specialing Without specialing

Weighted-
average
multiplier
ward
mean (SD)

Total care HPD
ward mean (SD)

Total required
WTE ward
mean (SD)

Weighted-
average
multiplier
ward
mean (SD)

Total care HPD
ward mean (SD)

Total required
WTE ward
mean (SD)

Hospital trust A

Monday 1.61 (0.16) 160.36 (21.36) 36.52 (4.86) 1.56 (0.09) 155.54 (16.83) 35.42 (3.83)

Tuesday 1.61 (0.16) 164.14 (21.65) 37.38 (4.93) 1.56 (0.09) 159.41 (16.63) 36.3 (3.79)

Wednesday 1.61 (0.15) 162.32 (20.64) 36.97 (4.7) 1.56 (0.08) 157.5 (16) 35.87 (3.64)

Thursday 1.6 (0.15) 159.32 (21.05) 36.28 (4.79) 1.56 (0.09) 154.97 (16.61) 35.29 (3.78)

Friday 1.61 (0.15) 158.9 (21.8) 36.19 (4.97) 1.56 (0.09) 154.34 (17.78) 35.15 (4.05)

Saturday 1.62 (0.16) 154.41 (22.89) 35.16 (5.21) 1.57 (0.09) 149.77 (18.15) 34.11 (4.13)

Sunday 1.62 (0.16) 155.21 (23.03) 35.35 (5.24) 1.56 (0.09) 150.32 (18.27) 34.23 (4.16)

Hospital trust B

Monday 1.8 (0.23) 232.37 (30.18) 52.92 (6.87) 1.6 (0.07) 207.14 (13.71) 47.17 (3.12)

Tuesday 1.79 (0.22) 235.84 (30.13) 53.71 (6.86) 1.6 (0.07) 211.15 (13.5) 48.09 (3.07)

Wednesday 1.79 (0.22) 234.72 (31.09) 53.45 (7.08) 1.6 (0.07) 210.45 (13.87) 47.93 (3.16)

Thursday 1.79 (0.21) 234.16 (29.31) 53.33 (6.68) 1.6 (0.07) 210.01 (13.53) 47.83 (3.08)

Friday 1.78 (0.21) 232.37 (29.12) 52.92 (6.63) 1.59 (0.07) 208.51 (13.73) 47.48 (3.13)

Saturday 1.79 (0.23) 228.59 (30.82) 52.06 (7.02) 1.6 (0.07) 204.48 (14.66) 46.57 (3.34)

Sunday 1.8 (0.22) 227.39 (30.31) 51.78 (6.9) 1.6 (0.07) 202.69 (14.3) 46.16 (3.26)

Hospital trust C

Monday 1.65 (0.33) 81.88 (18.82) 18.65 (4.29) 1.53 (0.14) 76.27 (13.56) 17.37 (3.09)

Tuesday 1.62 (0.27) 86.38 (18.17) 19.67 (4.14) 1.52 (0.14) 81.07 (13.74) 18.46 (3.13)

continued
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Additional regression models

TABLE 60 Calculated staffing requirements by day of week (continued )

Day of week

With specialing Without specialing

Weighted-
average
multiplier
ward
mean (SD)

Total care HPD
ward mean (SD)

Total required
WTE ward
mean (SD)

Weighted-
average
multiplier
ward
mean (SD)

Total care HPD
ward mean (SD)

Total required
WTE ward
mean (SD)

Wednesday 1.64 (0.3) 90.24 (18.24) 20.55 (4.15) 1.52 (0.13) 83.96 (12.66) 19.12 (2.88)

Thursday 1.63 (0.3) 89.17 (17.85) 20.31 (4.06) 1.51 (0.13) 83.08 (12.18) 18.92 (2.77)

Friday 1.62 (0.26) 87.44 (16.44) 19.91 (3.74) 1.52 (0.13) 82.56 (12.56) 18.8 (2.86)

Saturday 1.64 (0.27) 84.66 (17.2) 19.28 (3.92) 1.53 (0.13) 79.77 (12.69) 18.17 (2.89)

Sunday 1.65 (0.3) 79.94 (18.15) 18.21 (4.13) 1.54 (0.13) 74.72 (13.13) 17.02 (2.99)

Hospital trust D

Monday 1.82 (0.26) 206.68 (35.33) 47.07 (8.05) 1.55 (0.06) 176.03 (16.35) 40.09 (3.72)

Tuesday 1.8 (0.24) 205.3 (33.1) 46.75 (7.54) 1.55 (0.06) 176.57 (15.28) 40.21 (3.48)

Wednesday 1.81 (0.28) 206.05 (36.35) 46.92 (8.28) 1.55 (0.06) 176.18 (14.31) 40.12 (3.26)

Thursday 1.82 (0.28) 205.57 (35.5) 46.81 (8.08) 1.55 (0.06) 175.55 (14.54) 39.98 (3.31)

Friday 1.81 (0.24) 205.26 (32.76) 46.75 (7.46) 1.55 (0.06) 175.92 (15.11) 40.06 (3.44)

Saturday 1.81 (0.24) 199.14 (32.19) 45.35 (7.33) 1.55 (0.06) 171.14 (15.94) 38.98 (3.63)

Sunday 1.82 (0.27) 202.3 (34.89) 46.07 (7.94) 1.55 (0.06) 172.76 (16.48) 39.34 (3.75)

HPD, hours per day; SD, standard deviation.

TABLE 61 Association between factors and nurse perceptions of staffing adequacy: univariable models with ward- and
hospital-level random effects

Variable

Enough staff for quality Nursing care left undone Staff breaks missed

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Overall shortfall
(HPPD)

0.88 (0.86 to 0.90) < 0.001 1.14 (1.09 to 1.19) < 0.001 1.12 (1.07 to 1.17) < 0.001

Registered nurse
shortfall (HPPD)

0.94 (0.91 to 0.96) < 0.001 1.09 (1.04 to 1.15) < 0.001 1.08 (1.03 to 1.13) 0.001

Nursing support
worker shortfall
(HPPD)

0.90 (0.87 to 0.92) < 0.001 1.08 (1.03 to 1.14) 0.003 1.06 (1.01 to 1.12) 0.024

Skill mix (registered
nurse HPPD/total
HPPD)

0.80 (0.61 to 1.05) 0.107 0.74 (0.47 to 1.16) 0.190 0.89 (0.57 to 1.39) 0.610

Patient turnover
(per care hour)

0.35 (0.12 to 1.01) 0.053 7.16 (1.35 to 37.9) 0.021 3.85 (2.36 to 6.26) < 0.001

Ward type: other (reference)

Surgical 0.57 (0.34 to 0.96) 0.033 2.00 (1.12 to 3.58) 0.020 2.13 (1.22 to 3.69) 0.007

Proportion single
rooms

0.89 (0.30 to 2.68) 0.840 1.58 (0.48 to 5.21) 0.455 1.05 (0.32 to 3.44) 0.932
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TABLE 61 Association between factors and nurse perceptions of staffing adequacy: univariable models with ward- and
hospital-level random effects (continued )

Variable

Enough staff for quality Nursing care left undone Staff breaks missed

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Day of week: Monday (reference)

Tuesday 1.11 (0.99 to 1.26) 0.084 0.86 (0.69 to 1.07) 0.170 0.94 (0.82 to 1.09) 0.432

Wednesday 1.28 (1.13 to 1.45) < 0.001 0.95 (0.77 to 1.17) 0.634 1.01 (0.88 to 1.16) 0.884

Thursday 1.09 (0.96 to 1.23) 0.182 0.90 (0.73 to 1.12) 0.349 0.96 (0.83 to 1.11) 0.583

Friday 1.03 (0.91 to 1.17) 0.637 0.93 (0.75 to 1.16) 0.535 1.03 (0.89 to 1.19) 0.689

Saturday 1.28 (1.13 to 1.46) < 0.001 0.74 (0.59 to 0.93) 0.011 0.86 (0.75 to 1.00) 0.054

Sunday 1.02 (0.91 to 1.16) 0.697 1.08 (0.88 to 1.33) 0.468 0.84 (0.73 to 0.97) 0.019

TABLE 62 Association between nurse perceptions of staffing shortfall and staffing adequacy: multivariable overall
shortfall model

Variable

Enough staff for quality Nursing care left undone Staff breaks missed

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Overall shortfall
(HPPD)

0.88 (0.86 to 0.90) < 0.001 1.14 (1.09 to 1.19) < 0.001 1.11 (1.07 to 1.16) < 0.001

Skill mix (registered
nurse HPPD/total
HPPD)

0.81 (0.62 to 1.06) 0.117 0.74 (0.47 to 1.17) 0.195 0.88 (0.57 to 1.38) 0.586

Patient turnover
(per care hour)

0.91 (0.30 to 2.77) 0.869 3.51 (0.63 to 19.65) 0.153 4.99 (0.96 to 26.02) 0.057

Ward type: other (reference)

Surgical 0.54 (0.31 to 0.93) 0.025 2.14 (1.20 to 3.83) 0.010 2.16 (1.23 to 3.80) 0.007

Proportion single
rooms

0.53 (0.17 to 1.64) 0.271 3.01 (0.93 to 9.69) 0.065 2.06 (0.65 to 6.57) 0.222

Day of week: Monday (reference)

Tuesday 1.12 (0.99 to 1.26) 0.078 0.86 (0.69 to 1.06) 0.159 0.71 (0.58 to 0.88) 0.001

Wednesday 1.28 (1.13 to 1.45) < 0.001 0.96 (0.77 to 1.18) 0.676 0.61 (0.49 to 0.76) < 0.001

Thursday 1.09 (0.96 to 1.23) 0.195 0.91 (0.73 to 1.13) 0.379 0.81 (0.66 to 1.00) 0.045

Friday 1.03 (0.91 to 1.17) 0.604 0.92 (0.74 to 1.15) 0.481 0.79 (0.64 to 0.97) 0.028

Saturday 1.30 (1.14 to 1.48) < 0.001 0.75 (0.60 to 0.95) 0.016 0.50 (0.40 to 0.64) < 0.001

Sunday 1.02 (0.90 to 1.15) 0.795 1.11 (0.90 to 1.37) 0.316 0.82 (0.66 to 1.01) 0.058

Standard deviation
between wards

1.06 1.08 1.05

Standard deviation
between hospitals

0.77 0.95 0.72

Akaike information
criterion

20,700 8376 8094

Bayesian information
criterion

20,812 8488 8206
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TABLE 63 Association between staffing shortfall and nurse perceptions of staffing adequacy: significant main effects only

Variable

Enough staff for quality Nursing care left undone Staff breaks missed

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Registered nurse
shortfall (HPPD)

0.90 (0.87 to 0.92) < 0.001 1.14 (1.08 to 1.20) < 0.001 1.12 (1.07 to 1.18) < 0.001

Nursing support
worker shortfall
(HPPD)

0.86 (0.83 to 0.89) < 0.001 1.14 (1.07 to 1.20) < 0.001 1.11 (1.05 to 1.18) < 0.001

Day of week: Monday (reference)

Tuesday 0.71 (0.58 to 0.88) 0.002

Wednesday 0.61 (0.49 to 0.76) < 0.001

Thursday 0.81 (0.66 to 1.00) 0.050

Friday 0.80 (0.65 to 0.99) 0.039

Saturday 0.49 (0.39 to 0.62) < 0.001

Sunday 0.80 (0.65 to 0.98) 0.031

Ward type: other (reference)

Surgical 0.56 (0.33 to 0.96) 0.034 1.99 (1.11 to 3.56) 0.021 2.10 (1.20 to 3.67) 0.009

Proportion single rooms

Standard deviation
between wards

1.06 1.10 1.07

Standard deviation
between hospitals

0.88 1.07 0.81

Akaike information
criterion

20,714 8380 8095

Bayesian information
criterion

20,762 8428 8191

TABLE 64 Association between staffing shortfall and nurse perceptions of staffing adequacy: test for non-linear staffing
effects in multivariable models

Variable

Enough staff for quality Nursing care left undone Staff breaks missed

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Registered nurse
shortfall (HPPD)

0.89 (0.86 to 0.92) < 0.001 1.15 (1.09 to 1.21) < 0.001 1.13 (1.08 to 1.19) < 0.001

Nursing support
worker shortfall
(HPPD)

0.85 (0.83 to 0.88) < 0.001 1.15 (1.08 to 1.22) < 0.001 1.12 (1.06 to 1.19) < 0.001

Registered nurse
shortfall squared

1.00 (0.99 to 1.00) 0.469 1.01 (1.00 to 1.02) 0.021 1.00 (0.99 to 1.02) 0.533

Nursing support
worker shortfall
squared

1.01 (1.00 to 1.02) 0.102 0.99 (0.97 to 1.01) 0.194 0.99 (0.97 to 1.01) 0.165
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TABLE 64 Association between staffing shortfall and nurse perceptions of staffing adequacy: test for non-linear staffing
effects in multivariable models (continued )

Variable

Enough staff for quality Nursing care left undone Staff breaks missed

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Day of week: Monday (reference)

Tuesday 0.71 (0.58 to 0.88) 0.002

Wednesday 0.61 (0.49 to 0.75) < 0.001

Thursday 0.82 (0.66 to 1.00) 0.053

Friday 0.80 (0.65 to 0.99) 0.042

Saturday 0.49 (0.39 to 0.62) < 0.001

Sunday 0.80 (0.65 to 0.98) 0.031

Ward type: other (reference)

Surgical 0.57 (0.33 to 0.96) 0.036 1.98 (1.10 to 3.54) 0.022 2.07 (1.18 to 3.63) 0.011

Proportion single rooms

Standard deviation
between wards

1.06 1.10 1.07

Standard deviation
between hospitals

0.88 1.07 0.80

Akaike information
criterion

20,715 8378 8097

Bayesian information
criterion

20,779 8442 8209

TABLE 65 Association between staffing shortfall and nurse perceptions of staffing adequacy: test for interactions
between significant variables in multivariable models

Variable

Enough staff for quality Nursing care left undone Staff breaks missed

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Registered nurse
shortfall (HPPD)

0.92 (0.89 to 0.95) < 0.001 1.14 (1.07 to 1.21) < 0.001 1.13 (1.02 to 1.25) 0.019

Nursing support
worker shortfall
(HPPD)

0.87 (0.84 to 0.90) < 0.001 1.14 (1.06 to 1.22) < 0.001 1.13 (1.00 to 1.28) 0.049

Registered nurse
shortfall squared
(HPPD)

1.01 (1.00 to 1.02) 0.044

Day of week: Monday (reference)

Tuesday 0.71 (0.57 to 0.90) 0.005

Wednesday 0.60 (0.47 to 0.76) < 0.001

Thursday 0.84 (0.67 to 1.05) 0.135

Friday 0.87 (0.69 to 1.09) 0.225

Saturday 0.50 (0.38 to 0.65) < 0.001

Sunday 0.81 (0.64 to 1.01) 0.064
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TABLE 65 Association between staffing shortfall and nurse perceptions of staffing adequacy: test for interactions
between significant variables in multivariable models (continued )

Variable

Enough staff for quality Nursing care left undone Staff breaks missed

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Ward type: other (reference)

Surgical 0.63 (0.37 to 1.08) 0.096 2.03 (1.11 to 3.69) 0.021 2.04 (1.15 to 3.63) 0.015

Proportion single rooms

Turnover (per
nursing hour)

Registered nurse
shortfall: nursing
support worker
shortfall

0.99 (0.98 to 1.01) 0.315 1.00 (0.98 to 1.02) 0.972 1.01 (0.99 to 1.03) 0.202

Registered nurse
shortfall: Tuesday

0.98 (0.86 to 1.11) 0.708

Registered nurse
shortfall: Wednesday

0.99 (0.86 to 1.13) 0.840

Registered nurse
shortfall: Thursday

0.96 (0.84 to 1.09) 0.540

Registered nurse
shortfall: Friday

0.94 (0.82 to 1.07) 0.332

Registered nurse
shortfall: Saturday

1.05 (0.89 to 1.24) 0.558

Registered nurse
shortfall: Sunday

1.04 (0.91 to 1.20) 0.566

Registered nurse
shortfall: surgical
ward

0.88 (0.82 to 0.95) 0.001 1.00 (0.89 to 1.13) 0.952 1.00 (0.89 to 1.12) 0.961

Registered nurse
shortfall: proportion
single rooms

Nursing support
worker shortfall:
Tuesday

1.01 (0.85 to 1.20) 0.905

Nursing support
worker shortfall:
Wednesday

1.04 (0.87 to 1.24) 0.694

Nursing support
worker shortfall:
Thursday

0.95 (0.81 to 1.11) 0.536

Nursing support
worker shortfall:
Friday

0.87 (0.74 to 1.02) 0.097

Nursing support
worker shortfall:
Saturday

0.92 (0.76 to 1.11) 0.390
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TABLE 65 Association between staffing shortfall and nurse perceptions of staffing adequacy: test for interactions
between significant variables in multivariable models (continued )

Variable

Enough staff for quality Nursing care left undone Staff breaks missed

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Nursing support
worker shortfall:
Sunday

0.95 (0.80 to 1.12) 0.522

Nursing support
worker shortfall:
surgical ward

0.95 (0.88 to 1.04) 0.263 0.98 (0.86 to 1.11) 0.766 1.07 (0.94 to 1.21) 0.325

Nursing support
worker shortfall:
proportion single
rooms

Standard deviation
between wards

1.06 1.10 1.07

Standard deviation
between hospitals

0.86 1.07 0.81

Akaike information
criterion

20,708 8384 8116

Bayesian information
criterion

20,780 8464 8341

TABLE 66 Association between staffing shortfall and nurse perceptions of staffing adequacy: shift-level analysis

Variable

Enough staff for quality Nursing care left undone Staff breaks missed

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Registered nurse
shortfall (HPPD)

0.90 (0.89 to 0.91) < 0.001 1.21 (1.18 to 1.24) < 0.001 1.19 (1.16 to 1.22) < 0.001

Nursing support
worker shortfall
(HPPD)

0.89 (0.88 to 0.91) < 0.001 1.20 (1.17 to 1.24) < 0.001 1.19 (1.16 to 1.22) < 0.001

Time of day: night

Morning 0.90 (0.83 to 0.97) 0.004 1.49 (1.28 to 1.75) < 0.001 2.33 (2.00 to 2.71) < 0.001

Afternoon 0.87 (0.82 to 0.92) < 0.001 1.12 (1.02 to 1.24) 0.020 1.72 (1.58 to 1.88) < 0.001

Day of week: Monday

Tuesday 1.03 (0.95 to 1.11) 0.511 0.95 (0.83 to 1.10) 0.501 0.88 (0.77 to 1.00) 0.048

Wednesday 1.15 (1.06 to 1.25) 0.001 1.03 (0.89 to 1.18) 0.720 0.95 (0.84 to 1.08) 0.455

Thursday 1.01 (0.93 to 1.10) 0.802 0.98 (0.85 to 1.13) 0.762 1.07 (0.95 to 1.22) 0.276

Friday 0.98 (0.90 to 1.07) 0.664 1.05 (0.91 to 1.21) 0.547 1.10 (0.97 to 1.25) 0.141

Saturday 1.12 (1.03 to 1.22) 0.008 0.86 (0.74 to 1.00) 0.044 0.80 (0.70 to 0.91) 0.001

Sunday 1.19 (1.09 to 1.29) < 0.001 0.84 (0.72 to 0.97) 0.018 0.68 (0.59 to 0.78) < 0.001
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TABLE 66 Association between staffing shortfall and nurse perceptions of staffing adequacy: shift-level
analysis (continued )

Variable

Enough staff for quality Nursing care left undone Staff breaks missed

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Ward type: mixed

Surgical 0.62 (0.36 to 1.06) 0.078 2.08 (1.21 to 3.57) 0.008 2.18 (1.33 to 3.58) 0.002

Proportion single
rooms

0.46 (0.15 to 1.40) 0.171 3.32 (1.11 to 9.94) 0.032 3.09 (1.13 to 8.46) 0.028

Turnover (per
nursing hour)

1.44 (0.98 to 2.11) 0.063 0.60 (0.32 to 1.10) 0.097 1.30 (0.77 to 2.17) 0.326

Standard deviation
between wards

1.07 1.04 0.97

Standard deviation
between hospitals

0.70 0.93 0.77

Akaike information
criterion

47,229 18,605 21,718

Bayesian
information criterion

47,370 18,746 21,858

TABLE 67 Association between staffing shortfall and nurse perceptions of staffing adequacy: shift-level analysis with
significant main effects

Variable

Enough staff for quality Nursing care left undone Staff breaks missed

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Registered nurse
shortfall (HPPD)

0.90 (0.89 to 0.92) < 0.001 1.20 (1.17 to 1.23) < 0.001 1.19 (1.16 to 1.22) < 0.001

Nursing support
worker shortfall
(HPPD)

0.90 (0.88 to 0.91) < 0.001 1.20 (1.17 to 1.23) < 0.001 1.19 (1.16 to 1.22) < 0.001

Time of day: night

Morning 0.90 (0.83 to 0.97) 0.006 1.50 (1.28 to 1.76) < 0.001 2.32 (1.99 to 2.70) < 0.001

Afternoon 0.89 (0.85 to 0.93) < 0.001 1.08 (0.99 to 1.18) 0.079 1.75 (1.61 to 1.89) < 0.001

Ward type: mixed

Surgical 2.04 (1.19 to 3.52) 0.010 2.20 (1.34 to 3.61) 0.002

Proportion single
rooms

3.35 (1.11 to 10.05) 0.031 3.07 (1.13 to 8.40) 0.028

Standard deviation
between wards

1.09 1.04 0.97

Standard deviation
between hospitals

0.77 0.93 0.77

Akaike information
criterion

47,255 18,608 21,780

Bayesian
information criterion

47,317 18,687 21,859
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TABLE 68 Association between staffing shortfall and nurse perceptions of staffing adequacy: shift-level analysis including
non-linear effects

Variable

Enough staff for quality Nursing care left undone Staff breaks missed

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Registered nurse
shortfall (HPPD)

0.89 (0.88 to 0.90) < 0.001 1.21 (1.17 to 1.24) < 0.001 1.21 (1.18 to 1.24) < 0.001

Nursing support
worker shortfall
(HPPD)

0.89 (0.88 to 0.91) < 0.001 1.21 (1.18 to 1.26) < 0.001 1.23 (1.19 to 1.27) < 0.001

Scaled registered
nurse shortfall
squareda

0.91 (0.87 to 0.95) < 0.001 1.08 (0.97 to 1.20) 0.144 1.13 (1.04 to 1.23) 0.005

Scaled nursing
support worker
shortfall squareda

1.12 (1.04 to 1.20) 0.003 0.87 (0.77 to 0.99) 0.041 0.72 (0.63 to 0.84) < 0.001

Time of day: night

Morning 0.91 (0.84 to 0.98) 0.010 1.50 (1.28 to 1.75) < 0.001 2.31 (1.99 to 2.69) < 0.001

Afternoon 0.90 (0.85 to 0.94) < 0.001 1.08 (0.98 to 1.17) 0.105 1.73 (1.60 to 1.88) < 0.001

Ward type: mixed

Surgical 2.03 (1.18 to 3.48) 0.010 2.17 (1.32 to 3.57) 0.002

Proportion single
rooms

3.35 (1.12 to 10.00) 0.031 3.15 (1.15 to 8.64) 0.026

Standard deviation
between wards

1.10 1.04 0.97

Standard deviation
between hospitals

0.77 0.92 0.77

Akaike information
criterion

47,234 18,606 21,755

Bayesian
information criterion

47,313 18,703 21,851

a Models with shortfall squared were nearly unidentifiable due to the very large range of shortfall squared values
compared with the other variables. Therefore, we scaled shortfall squared to cover about the same range as
shortfall, by dividing by 20.

TABLE 69 Association between staffing shortfall and nurse perceptions of staffing adequacy: shift-level analysis
including interactions

Variable

Enough staff for quality Nursing care left undone Staff breaks missed

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Registered nurse
shortfall (HPPD)

0.88 (0.86 to 0.90) < 0.001 1.23 (1.15 to 1.32) < 0.001 1.09 (1.03 to 1.16) 0.006

Nursing support
worker shortfall
(HPPD)

0.89 (0.86 to 0.91) < 0.001 1.18 (1.09 to 1.28) < 0.001 1.11 (1.03 to 1.19) 0.007

Scaled registered
nurse shortfall
squared

0.90 (0.86 to 0.94) < 0.001 0.99 (0.89 to 1.11) 0.872
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TABLE 69 Association between staffing shortfall and nurse perceptions of staffing adequacy: shift-level analysis
including interactions (continued )

Variable

Enough staff for quality Nursing care left undone Staff breaks missed

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Odds ratio
(95% confidence
interval) p-value

Scaled nursing
support worker
shortfall squared

1.15 (1.06 to 1.24) 0.001 0.81 (0.70 to 0.95) 0.008 0.64 (0.54 to 0.77) < 0.001

Time of day: night

Morning 0.93 (0.86 to 1.01) 0.075 1.43 (1.22 to 1.68) < 0.001 2.06 (1.76 to 2.41) < 0.001

Afternoon 0.90 (0.86 to 0.95) < 0.001 0.90 (0.80 to 1.00) 0.047 1.30 (1.18 to 1.44) < 0.001

Ward type: mixed

Surgical 2.02 (1.15 to 3.52) 0.014 1.79 (1.08 to 2.97) 0.024

Proportion single
rooms

3.00 (0.99 to 9.09) 0.053 2.73 (1.00 to 7.49) 0.051

Registered nurse
shortfall: Nursing
support worker
shortfall

0.99 (0.99 to 1.00) 0.011 1.00 (0.99 to 1.01) 0.483 0.99 (0.98 to 1.00) 0.237

Registered nurse
shortfall: morning

1.03 (1.00 to 1.06) 0.067 1.04 (0.98 to 1.10) 0.219 0.98 (0.93 to 1.04) 0.582

Registered nurse
shortfall: afternoon

1.02 (0.99 to 1.04) 0.129 1.11 (1.06 to 1.17) < 0.001 1.20 (1.14 to 1.26) < 0.001

Registered nurse
shortfall: surgical

0.95 (0.89 to 1.01) 0.117 1.06 (1.00 to 1.13) 0.040

Registered nurse
shortfall: proportion
single rooms

0.83 (0.75 to 0.92) < 0.001 0.93 (0.85 to 1.03) 0.175

Nursing support
worker shortfall:
morning

1.04 (1.00 to 1.08) 0.040 1.03 (0.95 to 1.12) 0.472 1.08 (1.00 to 1.17) 0.064

Nursing support
worker shortfall:
afternoon

1.00 (0.97 to 1.03) 0.860 1.14 (1.07 to 1.21) < 0.001 1.23 (1.16 to 1.30) < 0.001

Nursing support
worker shortfall:
surgical

1.02 (0.94 to 1.09) 0.660 1.09 (1.02 to 1.17) 0.007

Nursing support
worker shortfall:
proportion single
rooms

0.87 (0.77 to 0.99) 0.030 0.87 (0.78 to 0.98) 0.017

Standard deviation
between wards

1.10 1.06 0.97

Standard deviation
between hospitals

0.77 0.94 0.77

Akaike information
criterion

47,226 18,571 21,635

Bayesian information
criterion

47,349 18,738 21,810
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TABLE 70 Combined effects of registered nurse and nursing support worker shortfall (change in odds of reporting ‘enough staff for quality’) based on results of model reported in Table 69:
shift-level including interactions and non-linear effects

Shortfall (HPPD)

Nursing support worker

1.5 1.4 1.3 1.2 1.1 1 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0 –0.1 –0.2 –0.3 –0.4 –0.5 –0.6 –0.7 –0.8 –0.9 –1

Registered
nurse

1.5 –27% –29% –30% –32% –33% –34% –35% –36% –36% –37% –37% –37% –37% –36% –36% –35% –34% –33% –31% –30% –28% –26% –24% –21% –18% –15%

1.4 –23% –26% –27% –29% –30% –31% –32% –33% –34% –34% –34% –34% –34% –33% –33% –32% –31% –30% –28% –27% –25% –23% –20% –17% –14% –11%

1.3 –20% –22% –24% –26% –27% –28% –29% –30% –31% –31% –31% –31% –31% –31% –30% –29% –28% –27% –25% –24% –22% –19% –17% –14% –11% –7%

1.2 –17% –19% –21% –23% –24% –25% –26% –27% –28% –28% –28% –28% –28% –28% –27% –26% –25% –24% –22% –21% –19% –16% –14% –11% –7% –4%

1.1 –13% –16% –18% –20% –21% –23% –24% –24% –25% –25% –26% –26% –25% –25% –24% –24% –22% –21% –20% –18% –16% –13% –10% –7% –4% 0%

1 –10% –13% –15% –17% –18% –20% –21% –22% –22% –23% –23% –23% –23% –22% –22% –21% –20% –18% –17% –15% –13% –10% –7% –4% –1% 3%

0.9 –7% –10% –12% –14% –16% –17% –18% –19% –20% –20% –20% –20% –20% –20% –19% –18% –17% –16% –14% –12% –10% –7% –4% –1% 3% 7%

0.8 –4% –7% –9% –11% –13% –14% –16% –16% –17% –18% –18% –18% –18% –17% –17% –16% –14% –13% –11% –9% –7% –4% –1% 2% 6% 10%

0.7 –1% –4% –6% –8% –10% –12% –13% –14% –15% –15% –15% –15% –15% –15% –14% –13% –12% –10% –9% –7% –4% –2% 1% 5% 9% 13%

0.6 2% –1% –4% –6% –8% –9% –11% –12% –12% –13% –13% –13% –13% –13% –12% –11% –10% –8% –6% –4% –2% 1% 4% 8% 12% 16%

0.5 4% 1% –1% –3% –5% –7% –8% –9% –10% –11% –11% –11% –11% –10% –10% –9% –7% –6% –4% –2% 1% 3% 7% 10% 14% 19%

0.4 7% 4% 1% –1% –3% –5% –6% –7% –8% –9% –9% –9% –9% –8% –8% –7% –5% –4% –2% 0% 3% 6% 9% 13% 17% 21%

0.3 9% 6% 3% 1% –1% –3% –4% –5% –6% –7% –7% –7% –7% –6% –6% –5% –3% –2% 0% 2% 5% 8% 11% 15% 19% 24%

0.2 11% 8% 5% 3% 1% –1% –2% –3% –4% –5% –5% –5% –5% –5% –4% –3% –2% 0% 2% 4% 7% 10% 13% 17% 21% 26%

0.1 13% 10% 7% 5% 3% 1% –1% –2% –3% –3% –4% –4% –4% –3% –2% –1% 0% 2% 3% 6% 8% 11% 15% 18% 23% 28%

0 15% 12% 9% 6% 4% 2% 1% 0% –1% –2% –2% –2% –2% –2% –1% 0% 1% 3% 5% 7% 10% 13% 16% 20% 24% 29%

–0.1 17% 13% 10% 8% 6% 4% 2% 1% 0% –1% –1% –1% –1% –1% 0% 1% 2% 4% 6% 8% 11% 14% 17% 21% 26% 31%

–0.2 18% 14% 11% 9% 7% 5% 3% 2% 1% 0% 0% 0% 0% 0% 1% 2% 3% 5% 7% 9% 12% 15% 19% 22% 27% 32%

–0.3 19% 15% 12% 10% 8% 6% 4% 3% 2% 1% 1% 1% 1% 1% 2% 3% 4% 6% 8% 10% 13% 16% 19% 23% 28% 33%

–0.4 20% 16% 13% 11% 8% 6% 5% 3% 2% 2% 1% 1% 1% 2% 2% 3% 5% 6% 8% 11% 13% 16% 20% 24% 28% 33%

–0.5 20% 17% 14% 11% 9% 7% 5% 4% 3% 2% 2% 2% 2% 2% 3% 4% 5% 7% 9% 11% 14% 17% 20% 24% 29% 33%

–0.6 21% 17% 14% 11% 9% 7% 5% 4% 3% 2% 2% 2% 2% 2% 3% 4% 5% 7% 9% 11% 14% 17% 20% 24% 29% 34%

–0.7 21% 17% 14% 11% 9% 7% 5% 4% 3% 2% 2% 2% 2% 2% 3% 4% 5% 7% 9% 11% 14% 17% 20% 24% 28% 33%

–0.8 21% 17% 14% 11% 9% 7% 5% 4% 3% 2% 2% 1% 1% 2% 3% 4% 5% 6% 8% 11% 13% 16% 20% 24% 28% 33%

–0.9 20% 17% 13% 11% 8% 6% 5% 3% 2% 2% 1% 1% 1% 1% 2% 3% 4% 6% 8% 10% 13% 16% 19% 23% 27% 32%

–1 19% 16% 13% 10% 8% 6% 4% 3% 2% 1% 0% 0% 0% 1% 1% 2% 4% 5% 7% 9% 12% 15% 18% 22% 26% 31%
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Appendix 4 Detailed simulation results to
supplement Chapter 6

TABLE 71 Comparison of percentage understaffed patient shifts (left) and ward shifts (right) when using alternative
methods for setting ward establishments

Establishment
scenario

Hospital trust
Average across
hospital trustsA B C D

High 7.5% 7.6% 26.4% 26.9% 16.3% 16.5% 25.1% 24.3% 18.8% 18.8%

Standard 17.9% 17.5% 35.9% 34.9% 37.3% 36.0% 34.2% 33.3% 31.3% 30.4%

Flexible (low) 55.7% 54.8% 69.8% 68.3% 60.5% 57.2% 67.0% 66.1% 63.3% 61.6%

TABLE 72 Percentage of hours worked by re-deployed, bank and agency staff when using alternative methods for
setting ward establishments

Staff group/establishment
scenario

Hospital trust
Average across
hospital trustsA B C D

Re-deployed staff

High 1.4% 0.7% 0.9% 0.6% 0.9%

Standard 1.2% 0.4% 0.4% 0.4% 0.6%

Flexible (low) 0.5% 0.1% 0.4% 0.1% 0.3%

Bank staff

High 0.5% 3.7% 1.2% 3.7% 2.3%

Standard 1.2% 4.8% 2.7% 5.1% 3.5%

Flexible (low) 5.5% 9.8% 5.7% 10.3% 7.8%

Agency staff

High 0.4% 3.1% 1.0% 3.1% 1.9%

Standard 1.0% 4.0% 2.3% 4.2% 2.9%

Flexible (low) 4.4% 8.6% 4.6% 8.8% 6.6%
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TABLE 73 Percentage understaffed patient shifts by time of day when using alternative methods for setting ward
establishments

Time of day/establishment
scenario

Hospital trust
Average across
hospital trustsA B C D

Morning (7 a.m.–1 p.m.)

High 4.6% 22.9% 13.4% 21.6% 15.6%

Standard 11.7% 32.3% 33.7% 29.9% 26.9%

Flexible (low) 49.1% 69.7% 59.3% 65.4% 60.9%

Afternoon (1 p.m.–7 p.m.)

High 11.4% 40.9% 22.0% 37.4% 27.9%

Standard 30.3% 52.3% 53.5% 50.3% 46.6%

Flexible (low) 73.6% 87.7% 74.5% 86.3% 80.5%

Twilight (7 p.m.–1 a.m.)

High 6.7% 22.6% 16.7% 19.9% 16.5%

Standard 16.1% 32.0% 27.5% 27.1% 25.7%

Flexible (low) 50.7% 61.5% 58.6% 58.7% 57.4%

Night (1 a.m.–7 a.m.)

High 7.1% 18.1% 13.1% 20.8% 14.8%

Standard 12.0% 26.6% 33.5% 29.3% 25.4%

Flexible (low) 47.8% 60.0% 48.5% 56.5% 53.2%

TABLE 74 Percentage of understaffed patient shifts (relative risk compared with ‘standard’ staffing) when using
alternative data samples and methods for setting ward establishments

Data sample/establishment
scenario

Hospital trust
Average across
hospital trustsA B C D

June (reference)

High 7.5% (0.42) 26.4% (0.74) 16.3% (0.44) 25.1% (0.73) 18.8% (0.60)

Standard 17.9% (–) 35.9% (–) 37.3% (–) 34.2% (–) 31.3% (–)

Flexible (low) 55.7% (3.11) 69.8% (1.94) 60.5% (1.62) 67.0% (1.96) 63.3% (2.02)

January

High 4.0% (0.34) 24.3% (0.71) 17.0% (0.47) 17.7% (0.74) 15.8% (0.59)

Standard 11.9% (–) 34.4% (–) 36.4% (–) 23.9% (–) 26.7% (–)

Flexible (low) 45.8% (3.85) 69.0% (2.01) 63.2% (1.74) 57.7% (2.41) 58.9% (2.21)

Months

High 6.7% (0.44) 24.8% (0.71) 13.1% (0.48) 20.5% (0.71) 16.3% (0.61)

Standard 15.4% (–) 34.8% (–) 27.2% (–) 29.0% (–) 26.6% (–)

Flexible (low) 53.8% (3.49) 69.5% (2.00) 54.0% (1.99) 62.9% (2.17) 60.1% (2.26)

All

High 5.5% (0.33) 23.5% (0.64) 12.7% (0.36) 19.9% (0.67) 15.4% (0.52)

Standard 16.9% (–) 36.5% (–) 35.0% (–) 29.7% (–) 29.5% (–)

Flexible (low) 55.5% (3.28) 70.3% (1.93) 60.4% (1.73) 65.0% (2.19) 62.8% (2.13)
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TABLE 75 Cost per patient-day difference (percentage difference) from core model with establishments set using
different data samples: all using ‘standard’ staffing

Data sample

Hospital trust
Average across
hospital trustsA B C D

June (reference)

January £4.66 (3.7%) £0.48 (0.3%) £0.48 (0.3%) £6.24 (4.7%) £2.97 (–2.3%)

Months £1.56 (1.2%) £0.31 (0.2%) £9.72 (6.6%) £2.90 (2.2%) £3.62 (–2.6%)

All £0.04 (0.0%) –£0.34 (–0.2%) £0.85 (0.6%) £2.49 (1.9%) £0.76 (–0.8%)

TABLE 76 Absolute change in percentage of understaffed patient shifts (%) and cost per patient-day (£) when there are
no internal re-deployments compared with when internal re-deployments are allowed

Availability of
temporary staff/
establishment
scenario

Hospital trust
Average
change across
hospital trustsA B C D

No temporary staff

High +3.4% £0.00 +1.5% £0.02 +1.3% –£0.11 +1.4% –£0.02 +1.9% –£0.03

Standard +2.7% £0.02 +0.6% £0.00 +0.8% –£0.06 +0.7% £0.04 +1.2% £0.00

Flexible (low) +0.6% –£0.02 –0.0% £0.01 –0.1% –£0.05 –0.1% –£0.01 +0.1% –£0.02

Empirical

High +1.7% £0.97 +1.0% £0.31 +0.8% £0.80 +0.9% £0.84 +1.1% £0.73

Standard +1.4% £1.17 +0.4% £0.63 +0.4% £0.01 +0.6% £0.25 +0.7% £0.52

Flexible (low) +0.3% £0.16 +0.1% –£0.32 –0.3% £0.55 0.0% –£0.49 +0.0% –£0.03

Bank 50%, agency 90%

High –0.2% £1.94 0.0% £1.13 –0.3% £1.66 +0.1% £1.03 –0.1% £1.44

Standard –0.5% £1.64 –0.1% £0.54 0.0% £0.53 +0.1% £0.42 –0.1% £0.78

Flexible (low) –0.3% £0.69 –0.1% £0.16 –0.4% £0.50 0.0% £0.02 –0.2% £0.34

Bank 50%, agency 100%

High –0.2% £2.03 –0.0% £1.19 –0.1% £1.58 +0.0% £0.87 –0.1% £1.42

Standard –0.6% £1.68 –0.1% £0.61 +0.0% £0.96 –0.0% £0.66 –0.2% £0.98

Flexible (low) –0.3% £0.64 –0.2% £0.09 –0.3% £0.45 –0.2% £0.15 –0.2% £0.33
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TABLE 77 The percentages of patient shifts that are understaffed according to alternative low staffing criteria and for
different staff groups

Low staffing
criterion/
establishment
scenario

Hospital trust (%)

A B C

Overall RN NSW Either Both Overall RN NSW Either Both Overall RN

Understaffing (more than 15% below requirement)

High 7.5 10.5 17.4 25.5 2.5 26.3 29.7 31.6 46.1 15.1 16.4 19.7

Standard 17.7 24.6 25.3 42.9 7.0 36.0 39.3 39.5 57.0 21.7 37.4 40.5

Flexible (low) 55.6 55.3 53.2 79.7 28.8 69.9 70.2 62.6 85.8 46.9 60.6 66.5

Absolute understaffing (below requirement)

High 44.4 39.9 48.3 65.1 23.1 73.0 67.5 70.9 84.8 53.6 43.3 41.9

Standard 66.4 65.3 58.0 84.0 39.3 84.2 78.8 77.8 91.9 64.7 69.8 67.5

Flexible (low) 95.0 86.9 85.1 98.0 73.9 98.3 95.5 90.6 99.3 86.8 87.7 87.8

At least one person short

High 10.0 4.3 5.7 8.3 1.7 41.5 27.7 23.0 35.6 15.1 8.4 6.5

Standard 21.8 10.4 10.3 16.3 4.3 51.6 35.4 29.6 44.4 20.6 19.4 12.6

Flexible (low) 53.1 28.4 25.5 39.9 14.0 78.8 60.5 47.4 70.4 37.4 33.3 25.9

NSW, nursing support worker; RN, registered nurse.



Average across hospital trusts (%)D

NSW Either Both Overall RN NSW Either Both Overall RN NSW Either Both

30.1 44.9 5.0 25.0 30.7 30.2 47.2 13.7 18.8 22.7 27.3 40.9 9.1

40.3 67.2 13.6 34.3 39.1 37.9 57.6 19.3 34.3 35.9 35.8 56.2 15.4

42.1 83.6 25.0 66.9 68.1 60.1 86.3 41.9 66.9 65.0 54.5 83.9 35.7

44.5 68.1 18.3 71.2 65.4 67.4 84.5 48.4 58.0 53.7 57.8 75.6 35.9

54.6 86.2 35.9 82.2 76.2 74.3 91.3 59.2 75.7 72.0 66.2 88.4 49.8

58.0 95.7 50.1 98.2 93.0 89.3 99.4 83.0 94.8 90.8 80.8 98.1 73.5

1.6 7.4 0.7 34.2 20.2 18.9 28.3 10.7 23.5 14.7 12.3 19.9 7.1

4.3 15.4 1.5 43.1 24.4 25.5 35.4 14.5 34.0 20.7 17.4 27.9 10.2

3.7 27.5 2.2 70.4 45.5 42.5 59.7 28.3 58.9 40.1 29.8 49.4 20.5
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TABLE 78 Ward mean (minimum ward, maximum ward) percentage of understaffed and overstaffed patient shifts when
using a fixed multiplier compared with standard SNCT multipliers for setting establishments

Multipliers used to set
the establishment

Hospital trust

A B C D

Fixed (average) multiplier

Understaffing 21% (1%, 90%) 38% (0%, 96%) 29% (15%, 51%) 33% (14%, 77%)

Overstaffing 17% (0%, 62%) 4% (0%, 34%) 20% (4%, 32%) 3% (0%, 15%)

Standard multipliers

Understaffing 19% (7%, 52%) 36% (7%, 80%) 39% (17%, 53%) 35% (14%, 76%)

Overstaffing 11% (1%, 35%) 3% (0%, 16%) 13% (4%, 27%) 3% (0%, 11%)

Absolute difference

Understaffing +2% +2% –10% –2%

Overstaffing +6% +1% +7% +1%

TABLE 79 Mean ward (minimum ward, maximum ward) establishments, in hours per day, for ‘vacancies’ staffing scenario

Staff group

Hospital trust

A B C D

All 138 (54, 258) 187 (72, 516) 74 (36, 120) 154 (102, 204)

Registered nurses 71 (36, 126) 106 (36, 348) 52 (24, 84) 74 (48, 114)

Nursing support workers 68 (18, 132) 81 (24, 168) 22 (12, 36) 80 (42, 108)

TABLE 80 Percentage understaffed patient shifts (%) and cost per patient-day (£) for ‘vacancies’ staffing scenario and
different assumptions about availability of temporary staff

Availability of
temporary staff

Hospital trust
Average across
hospital trustsA B C D

Empirical 36.9% £116 52.5% £131 45.7% £140 49.9% £125 46.3% £128

Bank and agency 50% 24.6% £122 30.7% £144 35.3% £149 27.3% £137 29.5% £138

Bank 50%, agency 90% 18.5% £124 15.2% £151 29.9% £153 10.2% £145 18.5% £143

Empirical bank, agency 90% 20.4% £125 19.7% £152 33.0% £153 15.7% £145 22.2% £143

Bank 90%, agency 90% 16.2% £125 10.9% £152 25.9% £155 4.2% £146 14.3% £144
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TABLE 81 Percentage of patient shifts with no IV-trained nurses (using ‘standard’ staffing)

Registered nurses
who are IV trained (%)

Hospital trust

A B C D

0 100% 100% 100% 100%

10 66.4% 52.8% 75.1% 65.9%

20 38.5% 23.3% 52.8% 38.4%

30 19.5% 8.7% 34.7% 19.6%

40 9.2% 2.9% 21.9% 9.0%

50 – – – –

60 1.6% 0.4% 7.8% 1.2%

70 – – – –

80 0.2% 0.0% 2.3% 0.0%

90 – – – –

100 0% 0% 0% 0%

TABLE 82 Mean absolute effects of changing factors across runs (95% confidence interval): average across hospital trusts

Factor

Level
Understaffed
patient shifts (%)

Cost per
patient-day (£)– Baseline +

(a) Short-notice absence for
nursing support workers

3% 4% 0.5 (0.5 to 0.5) 0.02 (0.02 to 0.03)

(b) Short-notice absence for
registered nurses

3% 4% 0.8 (0.8 to 0.8) 0.03 (0.03 to 0.03)

(c) Rounding fractional parts
of shifts

Round down
for fractional
parts < 0.5

Always
round
up

–14.3 (–14.4 to –14.3) 3.53 (3.53 to 3.54)

(d) Re-deploying staff Across
whole
hospital

Within
directorate

0.3 (0.2 to 0.3) 0.20 (0.20 to 0.20)

(e) Variation in multipliers
(standard deviation as
percentage of mean)

0% (10%) 25% 1.0 (1.0 to 1.1) 0.00 (0.00 to 0.01)

(f) Efficiency of re-deployed/
bank staff

90% 100% –0.8 (–0.9 to –0.8) 0.00 (0.00 to 0.00)

(g) Efficiency of agency staff 75% 100% –1.3 (–1.3 to –1.2) 0.00 (–0.01 to 0.01)
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TABLE 83 Mean two-way effects of changing factors across runs (95% confidence interval): average across hospital trusts

Interaction between factorsa Understaffed patient shifts (%) Cost per patient-day (£)

a:b 0.0 (0.0 to 0.0) 0.00 (0.00 to 0.00)

a:c 0.1 (0.1 to 0.1) –0.01 (–0.01 to 0.00)

a:d 0.0 (0.0 to 0.0) 0.00 (–0.01 to 0.00)

a:e 0.0 (0.0 to 0.0) 0.00 (0.00 to 0.00)

a:f 0.0 (0.0 to 0.0) 0.00 (0.00 to 0.00)

a:g 0.0 (–0.1 to 0.0) 0.00 (0.00 to 0.00)

b:c 0.1 (0.0 to 0.1) 0.01 (0.00 to 0.01)

b:d 0.0 (–0.1 to 0.0) 0.00 (0.00 to 0.00)

b:e 0.0 (0.0 to 0.0) 0.00 (0.00 to 0.00)

b:f 0.0 (–0.1 to 0.0) 0.00 (0.00 to 0.00)

b:g 0.0 (–0.1 to 0.0) 0.00 (0.00 to 0.00)

c:d –0.2 (–0.2 to –0.2) –0.06 (–0.07 to –0.06)

c:e 0.1 (0.0 to 0.1) 0.00 (0.00 to 0.00)

c:f –0.1 (–0.2 to –0.1) 0.00 (0.00 to 0.00)

c:g –0.3 (–0.4 to –0.3) 0.00 (0.00 to 0.00)

d:e –0.1 (–0.1 to 0.0) 0.00 (0.00 to 0.00)

d:f 0.1 (0.0 to 0.1) 0.00 (–0.01 to 0.00)

d:g –0.1 (–0.1 to 0.0) 0.00 (–0.01 to 0.00)

e:f 0.0 (0.0 to 0.0) 0.00 (0.00 to 0.00)

e:g 0.0 (0.0 to 0.0) 0.00 (0.00 to 0.00)

f:g 0.0 (0.0 to 0.1) 0.00 (0.00 to 0.00)

a For the names of factors and levels, see Table 82.
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Appendix 5 Economic modelling
sensitivity analysis to supplement Chapter 7

TABLE 84 Sensitivity to staffing mortality effect estimates: cost-effectiveness of different establishments with low and
high mortality estimates

Availability of
temporary staff
(re-deployment)

Mortality parameter/effect/establishment

Lower confidence limit Upper confidence limit

Staff cost/life (£) Net cost/life (£) Staff cost/life (£) Net cost/life (£)

High Flexible (low) High Flexible (low) High Flexible (low) High Flexible (low)

Zero temporary
staff (NR)

97,699 –68,990 47,914 –46,186 19,463 –13,968 9958 –9350

Empirical availability of
temporary staff (WR)

62,257 –67,469 27,275 –41,010 12,328 –14,197 5588 –8630

50% availability of bank
and agency staff (WR)

53,961 –62,658 23,574 –39,199 11,119 –13,915 4944 –8720

50% bank and 90%
agency availability (NR)

52,948 –46,669 21,864 –26,869 10,832 –11,068 4515 –6414

50% bank and 90%
agency availability (WR)

52,294 –44,216 18,266 –21,713 10,567 –10,319 3722 –5101

NR, no re-deployment; WR, with re-deployment.
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