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Abstract

Aims: Use of temporary nursing staff is contentious and expensive. Using e-roster-

ing data from 77 hospital units, this research investigates whether longer roster

lead-times reduce temporary staff usage.

Background: It is commonly assumed that longer roster approval lead-times, the

time from when a roster is approved, to when it is worked, result in better, more

cost-effective rosters. Consequently, many hospitals target lead-times of 6 weeks, a

figure recommended for the UK National Health Service in a recent governmental

review. This contrasts with the minimum lead-time advocated by New South Wales

Ministry of Health, which advises a shorter lead-time of 2 weeks. Using data from

77 hospital units, this paper explores this assumed relationship.

Design: Using data extracted from the e-rostering system of an NHS Acute Foun-

dation Trust, this study uses linear regression analysis to explore the relationship

between roster approval lead-time and temporary staff usage. The data were cap-

tured over a period of 9 months from 15 February 2016–23 October 2016, a total

of 693 rosters.

Results/Findings: This research suggests that late roster approval may contribute to

as much as 37% of temporary staff usage, while approval 4–6 weeks prior to the

roster being worked reduces this to approximately 15%. However, this is only rele-

vant under specific conditions. Importantly, this should be considered before man-

dating lead-times across all units.

Conclusions: This research implies that the optimum approval lead-time lies

between 4–6 weeks; however, given other challenges, achieving this in practice may

prove difficult.
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1 | INTRODUCTION

The global shortage of nurses (International Council of Nurses,

2006), the “casualization” of the nursing profession (Batch, 2012)

and the rapid variability of ward requirements (Silvestro & Silvestro,

2008) lead hospital managers in many countries to rely on

temporary staff to meet service demand (Hurst & Smith, 2011).

From April 2012–January 2015 demand for temporary staff in the

UK National Health Service (NHS) grew from 930,000 hr/month to

1,917,000 hr/month (Addicott, Maguire, Honeyman, & Jabbal,

2015). Consequently, spending on agency staff grew by 80%

between Q1 (April–June) 2011–2012 and Q2 (July–September)
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2013–2014 and £3.3 billion across the 2014–2015 financial year

(Monitor, 2015).

Electronic rostering (e-rostering) offers greater transparency of

the roster process (Drake, 2014a) and the opportunity to investigate

characteristics of custom and practice such as the assumed relation-

ship between roster approval lead-time and temporary staff usage.

Following a review into hospital productivity, Carter (2016 p23)

notes that: “A firmer grip of e-rostering will reduce dependency on

bank and agency staff.” To this end, Carter (2016) recommends that

rosters be approved/published at least 6 weeks in advance of being

worked, while, in Australia, the New South Wales Ministry of Health

advocate a much shorter minimum lead-time of 2 weeks (NSW Min-

istry of Health, 2016).

For clinical staff, the roster is fundamental in maintaining an

acceptable work–life balance (Jamieson, Kirk, & Andrew, 2013)

and staff find unduly short or long lead-times problematic when

arranging personal affairs such as child care etc. Using data from

77 hospital units, this paper explores the relationship between

roster approval lead-time and temporary staff usage. It examines

the assumption that shorter lead-times result in higher staff usage

and consequently higher costs and attempts to identify an opti-

mum lead-time that minimizes temporary staffing costs while

maintaining flexibility for staff.

The NHS employs two types of temporary nursing staff; bank

and agency. Staff banks, managed by the hospitals, contract directly

with staff to provide cover for workforce shortfalls. Bank nurses,

often the hospital’s own employees, have flexibility to choose from

the shifts offered. The bank system is cost-effective and allows hos-

pitals to respond quickly to fluctuating demand. Bank pay rates, set

by the trust, are typically 2% higher than those of permanent staff

of the same grade (Hurst & Smith, 2011).

Private sector agencies supply staff on a temporary basis, for a

commission. Between 2012–2013 and 2014–2015 annual NHS

spend on agency staff rose from £1.8 billion to £3.3 billion (Klee-

bauer, 2015), of which £0.7 billion is the premium paid for agency

staff above the equivalent substantive staff (NHS Improvement,

2016a, 2016b). However, this does not include hidden costs such as

hiring and processing costs, checking and payment of invoices and

inducting temporary staff on the ward (National Audit Office, 2006).

Houseman, Kalleberg, and Erickcek (2003) argued that rising agency

costs are symptomatic of tight labour markets, with similar pressures

observed in Australia, Canada, New Zealand and the USA (Hurst &

Smith, 2011), though, additional factors have contributed to the rise

in agency spend in the NHS (Monitor, 2015), namely:

1. Growth of demand for NHS services by an ageing population

2. Increased demand arising from regulations accompanying the

Francis (2013)

3. A competitive market for overseas nurses resulting from a global

shortage of nurses

4. Public sector pay restraints resulting in increased attractiveness

of agency working.

Consequently, the search for cost savings through improved

operational productivity has become a major priority (Carter, 2016).

Based on custom and practice, organizations have long assumed a

relationship between roster approval lead-time and roster robust-

ness, as defined by postapproval changes to the roster and levels of

temporary staff required (Drake, 2014a).

Rostering is a five-stage process (Figure 1), three of which occur

prior to the roster being worked:

1. The Request stage: Staff submit requests for specific shift types

or days off. Owner: Staff

2. The Planning stage: The Ward Manager accepts/rejects requests

submitted during the request stage, then builds the roster around

the requests. The provisional roster is then approved (1st stage

approval). Owner: Ward Manager

3. The Approval stage: The Senior Nurse Manager examines the

roster, returning it to the Ward Manager for modification if

required and then gives approval (2nd stage). The roster is then

Why is this research/review needed?

● Based on custom and practice, organizations have

assumed a relationship between roster approval lead-

time and the use of temporary staffing.

● There is, to date, no evidence to support this

presumption.

● Temporary staffing is a major portion of healthcare staff

costs and evidence of a relationship with approval lead-

time may be used to reduce costs.

What are the three key findings?

● Rosters approved less than 2 weeks before being

worked resulted in high temporary staff usage, but with

no relationship with approval lead-time.

● Between 2–4 weeks roster lead-time is inversely propor-

tional to temporary staff usage.

● Between 4–6 weeks lead-time, temporary staffing

remains constant at approximately 15%.

How should the findings be used to influence

policy/practice/research/education?

● Rosters must be approved/published at least 2 weeks

before the roster is worked.

● Where possible rosters should be approved between 4–

6 weeks before the roster is worked.

● The relationship between approval lead-time and

temporary staffing is, statistically, less significant during

periods of high annual leave demand, such as school

holidays and planning processes must reflect this.
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made available to staff (published). Owner: Senior Nurse

Manager.

Roster lead-time is the period from roster approval to the

commencement of the roster and is often stated explicitly in an

organization’s Roster Policy (Drake, 2017). For example, one roster

policy (Cornwall Partnership NHS Foundation Trust, 2017) stipu-

lates:

1. The roster will be open to requests up to 12 weeks prior to the

publishing of the roster and close 8 weeks before (p10)

2. The Central Rostering team will create all rosters 6 weeks ahead

of roster start date, for the manager’s approval (p7).

Once a roster has been approved, it is made available for staff

(published) immediately. Therefore, roster lead-time and roster publi-

cation are similar and the terminology is used interchangeably.

A brief web search uncovered 43 publically available NHS Roster

Policies that stipulated specific approval lead-times, though the dura-

tion varied markedly between hospital trusts (Table 1). However,

despite this perceived wisdom, little evidence has, to date, been

offered to support this assumption. Nonetheless, Carter (2016) cites

a rostering improvement project at Portsmouth Hospitals NHS Trust

(a “trust” is an organizational entity in the NHS that may include

several hospitals) that resulted in a reduction of 7,000 hr of agency

usage. Consequently, a specific recommendation of the Carter

Review (2016) is that rosters be approved and published 6 weeks in

advance of being worked to reduce dependency on temporary

staffing.

2 | THE STUDY

2.1 | Aims

This paper explores the relationship between roster approval lead-

time and temporary staff usage. We also examine the assumption

that shorter lead-times result in higher staff usage (and, conse-

quently, higher costs) and attempt to identify an optimum lead-time

that minimizes temporary staffing while maintaining flexibility for

staff.

2.2 | Design

Using data extracted from the HealthRoster e-rostering system,

this study uses the linear regression facility of SAS Enterprise

Guide 9.4, a statistical analysis tool, to explore the hypothetical

relationship between roster approval lead-time and temporary staff

usage.

2.3 | Sample

This research uses data from an NHS Acute Foundation Trust,

comprising four hospitals, all using a common e-rostering system.

The study is based on roster data from 77 units across the orga-

nization. To avoid selection bias, all units using the e-rostering

system were included in the sample; however, at the time the

data were collected, some units were less familiar with the

e-rostering system than others. The sample contains nine 28-day

rosters. The first roster began on Monday 15 February 2016 and

the final concluded on Sunday 23 October 2016, a total of 693

rosters.

(1) Requests (2) Planning (3) Approval (4) Maintenance (5) Finalisation

S
ta

rt
 r

os
te

r 
pl

an
ni

ng

O
pe

n 
ro

st
er

 fo
r 

re
qu

es
ts

C
lo

se
 r

os
te

r 
fo

r 
re

qu
es

ts

P
ub

lis
h 

ro
st

er

R
os

te
r 

st
ar

t d
at

e

R
os

te
r 

en
d 

da
te

R
os

te
r 

fin
al

is
at

io
n

Le
ve

l #
1 

ap
pr

ov
al

Le
ve

l #
2 

ap
pr

ov
al

F IGURE 1 The roster process (Drake,
2014a)

TABLE 1 Duration of roster lead-times as specified in 43 roster
policies

Lead-time (weeks) No. roster policies

2 1

4 21

5 1

4–6 2

6 12

6–8 2

8 4
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2.4 | Data collection

For each roster, the approval lead-time (in weeks) and the percent-

age of temporary staff used were captured in the e-rostering system.

It is important to note that the data for temporary staff is a consoli-

dation of both bank and agency staff and offers no insight into the

proportion of each individually.

The original roster is likely to incur changes due to staff sickness,

absenteeism or changes on the ward. This may result in vacant shifts

that must be filled by temporary staff. Once the actual roster, including

all changes, has been worked and finalized, the amount of temporary

staff, as a percentage of the total number of shifts on the roster, is cal-

culated. The data are then exported into SAS Enterprise Guide directly

from the “Roster Statistics” report generated by the e-roster system.

2.5 | Ethical considerations

The study used consolidated, ward-level data and was approved by

the executives of the organization involved. The details of both the

organization and the units discussed have been anonymized through-

out this research. No data about any individual staff member were

used in this research.

2.6 | Data analysis

Of the original sample size of 693 rosters, 25 rosters contained no data.

These were associated with units that began using the e-rostering sys-

tem during the research period and consequently had less than 9 weeks’

data. Another 20 rosters had approval lead-times of zero, where rosters

had failed to be approved prior to the roster start date. Finally, 12

rosters had lead-times greater than 6 weeks. Further investigation

showed that these rosters had been approved incorrectly. These 57 ros-

ters were also removed from the sample. Consequently, the final

research sample size was 636 units. While, each of these units pre-

sented a unique combination of roster rules and demand variations, the

roster approval process and the need to fill vacant shifts remained com-

mon to all.

2.7 | Validity and reliability/rigour

Data collection took place more than a year after the implementa-

tion of the e-rostering system. However, as the deployment was

consecutive, some unit staff were more experienced in using the

system. Moreover, the technological experience of unit staff was

variable. Consequently, some staff were still learning the details of

the e-rostering system at the beginning of the data collection per-

iod. The data gathered were taken from the same period for all

units.

3 | RESULTS

The results of the regression analysis, based on a sample of 636 ros-

ters, imply correlation between temporary staff usage and roster

lead-time such that (Figure 2):

%Temporary Staff Usage

¼ �0:048 Roster Approval Lead�time (weeks)þ 0:372

While the R2 value for the analysis is low (.21), possibly due to

the uniqueness of each unit, the model appears to confirm the

R-square Standard Error Sample (n) Coefficient Lead-Time p-valueLead-Time

.212 .097 636 –0.048 <0.001
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F IGURE 2 Approval lead-time vs.
temporary staff usage [Colour figure can
be viewed at wileyonlinelibrary.com]
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relationship between roster lead-time and temporary staffing. Cer-

tainly, these results are sufficiently encouraging to merit further

research, given that late roster approval may contribute to 37% of

temporary staff usage. Equally, early approval of rosters may offer

the opportunity to reduce this figure appreciably. Approval 4 weeks

in advance of roster start date reduces this to 18%, while approval

6 weeks earlier may reduce it to less than 9%.

The data were then analysed at increasing lead-time intervals;

<2 weeks, <3 weeks etc. (Table 2). At less than 2 weeks, the analy-

sis showed no correlation, possibly due to small sample size. As

lead-time increased, the correlation became increasingly significant

and the predictive capacity of the model more robust. This optimized

at 4.3 weeks (R2 = .25) and then began to decline steadily. Since the

maximum lead-time of the sample was 6 weeks, the nature of this

decline beyond that duration remains unknown, though, in practice,

few units approve the roster beyond this time (Drake, 2014b).

Calculating the average temporary staff usage for rosters

approved at different lead-time durations is quite revealing (Table 3).

From extremely short lead-times (<1 week) to lead-times of 4 weeks,

usage deceases, almost linearly, from 38.3-15%. However, for lead-

times of 4 weeks or more, temporary staff usage is constant at

approximately 15%. This suggests that there is a portion of tempo-

rary staffing, in this case 15%, that is unrelated to lead-time.

Given the data included nine roster periods, from January to

August, this offered an opportunity to explore possible implications

of seasonal variations on the lead-time/temporary staffing relation-

ship (Table 4). Periods 3 and 5, those with highest significance,

correspond to rosters that did not coincide with school holidays.

Conversely, the whole of period 7 coincides with school summer

holidays and the R2 for this period is not significant. In practice,

Ward Managers anticipate more staff booking holidays during this

period and subsequently plan their roster further in advance. Those

periods immediately following the school summer holiday (periods 8

and 9) result in lower values of R2, possibly due to staff without chil-

dren of school age taking holidays during a later, cheaper, period.

These trends are to be expected as the rostering robustness of many

units is tested during school holidays as staff struggle to balance the

needs of work and family.

In summary, this research supports the custom and practice

assumption that roster lead-time and temporary staffing are related.

However, this relationship is less meaningful during periods of high

annual leave, such as school holidays. Between lead-times of 4–

6 weeks, temporary staff usage remains constant at 15%, implying

that other factors, beyond lead-time, influence temporary staffing.

4 | DISCUSSION

The findings of this research appear to support, in part, custom and

practice, showing correlation between approval lead-time and tem-

porary staff usage. However, the relationship is rather more nuanced

than it appears.

4.1 | Approval lead-times of less than 2 weeks

Statistically this component of the relationship is the least significant

and, consequently, the most unpredictable. Thus, units that fail to

approve rosters in advance, or have lead-times of less than 2 weeks,

are likely to require disproportionately higher levels of temporary

staff. While hospital policies and systems stress the importance of

roster approval, the implications of subsequent roster publication are

less considered. Prior to roster planning, staff may request specific

shifts and/or days off, often more than 3 months in advance of the

roster being worked. The number of requests allowed per roster vary

TABLE 2 The impact of increasing lead-time on the robustness of
the regression model

Roster approval lead-time

<2 weeks <3 weeks <4 weeks <5 weeks 6 weeks

R2 .013 .137 .201 .232 .212

SE .174 .138 .107 .098 .097

Sample (N) 46 105 326 562 636

Coeff.Lead-Time �0.043 �0.076 �0.062 �0.058 �0.048

p-valueLead-

Time

.459 <.001 <.001 <.001 <.001

TABLE 3 Average temporary staff usage at increasing lead-time
weekly intervals

Roster lead-time
% Temp staff
usage (Avg.)

Sample size
(rosters)

0.0–0.9 weeks 38.3 12

1.0–1.9 weeks 33.1 33

2.0–2.9 weeks 23.6 59

3.0–3.9 weeks 19.3 221

4.0–4.9 weeks 15.0 236

5.0–5.9 weeks 14.3 72

6.0 or more weeks 14.9 3

TABLE 4 Analysis of roster periods

Roster
period Roster start date

Sample
size R2

Coeff.Lead-
Time

p-value

Lead-Time

1 15 February 2016 70 .210 �0.052 <.001

2 14 March 2016 72 .200 �0.057 <.001

3 11 April 2016 69 .321 �0.069 <.001

4 09 May 2016 71 .219 �0.049 <.001

5 06 June 2016 70 .356 �0.060 <.001

6 04 July 2016 76 .300 �0.042 <.001

7 01 August 2016 69 .067 �0.026 .031

8 29 August 2016 72 .190 �0.046 <.001

9 26 September

2016

67 .166 �0.039 <.001
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from hospital to hospital, the lowest being two and the highest being

eight per roster (Drake, 2017). Nevertheless, only when staff have

access to the published roster can they see the dates/times that

they are committed to work. Consequently, for many, the period fol-

lowing publication is spent negotiating “swaps” with their colleagues

to reconcile their roster with personal commitments. Successfully

negotiating these reciprocal arrangements involves a considerable

amount of time and stress (Moorhead, 2003) and is a common cause

of tension on wards (Wise, Smith, Valsecchi, Mueller, & Gabe, 2007).

Accordingly, lead-time must be sufficient for staff to negotiate and

get approved, personal roster changes. In circumstances where lead-

times are short, staff may resort to sickness and absenteeism in lieu

of “swaps,” thereby increasing the demand for temporary staffing. In

the sample, only 45 rosters (7%) had lead-times less than 2 weeks

and four units accounted for more than 50% of these rosters. These

four units averaged temporary staffing levels of 42%

4.2 | Approval lead-times of 2–4 weeks

As lead-time increases, the relationship with temporary staffing

becomes statistically more significant and the use of temporary staff

declines. However, while 2 weeks is regarded by some as an accept-

able lead-time (NSW Ministry of Health, 2016), this research sug-

gests that this may still result in high levels of temporary staffing

since rosters with lead-times of 2 weeks used approximately 10%

more temporary staff than those with lead-times of 4 weeks.

4.3 | Approval lead-times of 4–6 weeks

Assuming the 43 roster policies shown Table 1 are representative of

the whole NHS, most organizations (84%) aim for lead-times

between 4–6 weeks. Using the results of the linear regression, %

Bank and Agency Usage = �0.048 Roster Approval Lead-time

(weeks) + 0.372, temporary staffing at 4 weeks is predicted to be

18% and at 6 weeks to be 8.4%. However, Table 2 implies that, at

lead-times between 4–6 weeks, temporary staffing remains constant

at approximately 15%.

This suggests that other factors, beyond lead-time, impact tem-

porary staffing. One of these is sickness and absenteeism. In 2014–

2015, average sickness absence was approximately 4% (Office for

National Statistics, 2017)—indeed Carter (2016) suggested this may

be closer to 6%. Much of this is unplanned and, given that 31% of

justifications for sickness absence is minor, short-term illnesses

(Office for National Statistics, 2017), these are assigned after the

roster has been approved, therefore, necessitating temporary staff

regardless of lead-time. This presents a rather more nuanced view

than that presented in Carter (2016) and McIntyre (2016), who seek

to mandate a fixed, 6-week lead-time. Furthermore, while organiza-

tions may aspire to long lead-times, how achievable this is in practice

is debateable. For example, the organization providing the data for

this research requires a 6-week lead-time, but only three rosters of

the whole 636 sample met this requirement (though 236 rosters

were approved with a lead-time of 4 weeks).

4.4 | Approval lead-times and other factors

While the evidence suggests correlation between lead-time and tem-

porary staffing, the significance of this relationship varies consider-

ably, month by month, depending on seasonal factors such as school

holidays (Table 4). Rosters covering periods without school holidays

corresponded to higher correlations between lead-time and the use

of temporary staffing, while those rosters that included holidays

showed lower correlations. In many cases, staff experience problems

arranging school holiday care due to the limited number of approvals

for leave at those times. Indeed, while many apply for leave 12–

24 months in advance (Skinner, van Dijk, Elton, & Auer, 2011), those

who are unsuccessful, faced with difficult choices, may choose to be

absent.

The relationship between lead-time and temporary staffing is

also influenced by the type and demand pattern of the unit. For

example, elective care wards, dealing with planned surgery, have

much greater visibility of present and future patient demand. Con-

versely, in the sample, four units accounted for more than 50% of

rosters with lead-times less than 2 weeks. These four units included

two theatre units, an acute medical unit and unit with high vacancy

rates. These units showed no relationship between lead-time and

temporary staffing. Similarly, the relationship showed less signifi-

cance on those units with irregular demand patterns, many of which

used temporary staffing to manage short-term peaks and troughs

(Houseman et al., 2003).

Consequently, while the general findings of this research suggest

that lead-times of 4–6 weeks may result in lower temporary staff

costs, this may only be relevant under specific conditions. For certain

types of unit and periods of seasonal variation (school holidays, etc.),

this relationship becomes increasingly extraneous and further research

is required to investigate these circumstances. Importantly, this should

be considered before mandating specific lead-times across all units.

4.5 | Limitations

This study is based on data from a single NHS trust comprising four

hospitals. Accordingly, without further investigation, these results

may not be generalizable across other hospitals and organizations.

5 | CONCLUSION

Based on custom and practice, organizations have long championed a

relationship between roster approval lead-time and temporary staff

usage—shorter lead-times result in higher staff usage and consequently

higher costs. While this research provides some evidence to support that

claim, it seems that the relationship is rather more refined. Rosters

approved less than 2 weeks before being worked resulted in high tem-

porary staff usage, but with no relationship with approval lead-time. This

equates to a “chaotic” phase during which staff desperately attempt to

reconcile the roster with their personal circumstances, possibly resorting

to sickness and absenteeism as a final resort.

DRAKE1836 |



Between 2–4 weeks, roster lead-time is inversely proportional to

temporary staff usage and reflects the assumed relationship between

these two variables. However, beyond 4 weeks’ lead-time, the rela-

tionship enters a “plateau” phase where longer lead-time has negligi-

ble effect on staffing. At this stage, other factors, such as sickness,

absenteeism, type of unit and patient demand pattern, define the

lower limit of temporary staff usage. Consequently, this research

implies that the optimum approval lead-time lies between

4–6 weeks.
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