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Executive Summary 

This report presents the findings and recommendations from a preliminary investigation into how an 
NHS organisation manages sudden nursing staff shortfalls. Unexpected staff absences, which can 
occur on a daily basis, can impact on the optimum skill mix for safe effective care delivery.  Ward 
managers would welcome methodological support for daily rescheduling staff (i.e., re-rostering) 
within electronic rostering systems. 

1. Aims  

This study aimed to provide a preliminary analysis of: 

1. the characteristics of rescheduling events in an NHS organisation; 

2. the managerial decision-making and initial resource implications associated with rescheduling 
nurse shift absences. 

2. Methods 

The Critical Incident Technique was used, logging over a week all Red and Amber critical incidents 
that required rescheduling of a nursing shift in four wards. Two weeks later, semi-structured 
interviews were held with the ward managers concerned, exploring the nature of the incidents, how 
they were managed, the rescheduling decision-making process, the time and resource costs of 
rescheduling. Ethical approval was obtained via UWE Bristol and NHS research governance 
approval via IRAS. 

3. Findings from interviews with Ward Managers  

Following thematic analysis, four theme areas were identified; 

A. Inefficient formal systems 

Managers felt that the current electronic rostering system could be more effective.  There was a 
general mistrust of the system and feeling that the data it provided was inaccurate. Managers felt 
the in-ability to ‘back-up’ data left them vulnerable. In addition, when alerted to staff shortages, the 
bank were not always able to find appropriate cover, leading to staffing shortages which had to be 
managed locally, occasionally requiring the manager or other staff to work extended hours. 
Furthermore, those staff agreeing to additional shifts in advance may cancel if opportunities for work 
became available in ‘more preferential’ locations, leaving the wards without cover.    

B. Informal support systems 

It was clear that localized informal practices had emerged to manage difficulties experienced. Paper 
rotas were still in use as the electronic-system was believed to be regularly out of date.  Ward 
Managers often searched for immediately-local staff and simultaneously verified if Bank staff were 
available.  Managers also regularly emailed staff to update on shift changes or opportunities to 
cover gaps in the rota, and telephoned staff to check short-term availability. This took considerable 
time and effort, detracting from other duties. 

C. Re-scheduled Cover Staff 

The managers had a strong preference to employ cover staff who were familiar with the ward 
environment and the clients. This reduced the need for additional orientation and briefing. However, 
this was not always achievable, particularly for early shifts when the availability of staff was 
generally more problematic.   

D. Time and resource impact of rescheduling 

It was suggested that rescheduling takes time, costs money and impacts on the manager’s ability to 
meet other targets.   A red/amber incident often took four hours of manager and staff time to 
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address.  Additional resource time was taken if the cover staff were not familiar with the clients and 
ward. To save resources resulting from staff absence, existing bank staff were employed as a 
preference, with more expensive agency staff seldom authorized.    

4. Conclusions / Recommendations 

This study has identified some of the complexity of rescheduling to cover staff absence in a mental 
health trust. 

It is recommended that the Trust and the authors translate this understanding into refining the 
further development of our mathematical model to ensure the (re)scheduling reflects: 

 Manager preferences (or not) for particular staff; 

 Costs of ward, known, relief, bank and agency staff; 

 Changing availability of staff, and out-of-date data; 

 Individual staff preferences & constraints, so that it:  
o has staff commitment and credibility; 
o reduces manager time spent (re)scheduling. 

The model should integrate with staff bank and electronic system to ensure it uses the same data, 
and is an effective management tool. 

The authors propose ongoing collaboration with the Trust to implement the model as a pilot in order 
to: 

 Learn rescheduling issues in practice, working with managers; 

 Refine the model using it side-by-side with current practice; 

 Implement it in cooperation with the bank and electronic system; 

 Adapt the use of the model to cope with poor data; 

 Improve the quality of data needed by the model by using health economist measures and tools 
to identify and cost of the time the manager spent rescheduling, the amount of time take up with 
ward familiarization by the cover staff, the additional cost of calling in cover from the internal 
bank or an external agency, and the travel costs of cover staff. 
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Background 

The British NHS is labour-intensive and nursing is a major part of its workforce. The impact of nurse 
staffing levels and skill mix has been linked with poorer patient outcomes (Clark et al., 2013) and 
received considerable attention in recent enquiries investigating the quality of care delivery in one 
Trust (Francis Report, 2013).   

Nurses constitute a significant part of the healthcare workforce in the British National Health Service 
(NHS).  A daily challenge for any healthcare organisation is ensuring that appropriate nursing staff1 
are available to deliver safe and effective care.  Effective scheduling is required to ensure nursing 
staff are allocated to cover the 24 hour cycle, seven days a week, to provide high quality care. This 
requires careful balance of number of staff per shift, and appropriate skill mix.  Scheduling 
healthcare staff, in general, demands careful balance of the needs of the service, cost effectiveness 
and fair treatment of employees.  

Irrespective of good planning, when staff originally scheduled to work unexpectedly become 
unavailable, shortfalls have to be managed. Rescheduling, specifically defined here as the activity 
of calculating a new schedule (roster) when individual rostered staff unexpectedly become 
unavailable, is a frequent event in many healthcare organisations (Clark et al., 2013).  Rescheduling 
of nursing staff involves managing disruption, may produce less than optimum outcomes, can place 
extra financial stress on constrained budgets, and takes up significant management time.  Accurate 
data on actual levels of disruption is difficult to access (Buchan & Seccombe, 2012), yet illness, 
absenteeism, staff development including mandatory training, requests for shift changes at short 
notice or unexpected workload demands make rescheduling a daily, and often invisible, activity of 
many nurse managers. When faced with scheduling disruptions the management imperative is to 
minimize any effects on the quality of care, or risks to patient safety, whilst incurring little or no 
additional financial burden.  

The direct relationship between adverse outcomes (complications, shorter lengths of stay and lower 
mortality) and the number of qualified nurses available to meet the care needs of patients is now 
well documented (Aikin et al, 2002, 2012; Rafferty et al 2011, Needleman et al 2002, 2011).  Poor 
staffing levels lead to burnout, increased incidence of adverse events, patient mortality, and higher 
levels of staff attrition, absenteeism and illness (Taylor et al 1999; Aikin et al, 2002; Silvestro and 
Silvestro, 2008). Staff fatigue and dissatisfaction are common nursing workforce complaints and the 
number of shift changes made at short notice impacts on increased levels of absenteeism (Aiken et 
al, 2002; Silvestro and Silvestro, 2008). Fatigue and timing has also been associated with 
musculoskeletal (back, neck) injuries (Bae et al, 2010; Welch and McPaul, 2013).  Conceptualising 
what constitutes overtime is problematic in nursing (Lobo et al 2013). Rates of errors, and near 
misses, have been associated with working shifts longer than 12 hours, staff staying on duty longer 
than scheduled and overtime working (Geiger-Brown, 2010; Rogers et al., 2004) all strategies 
commonly used to manage nurse shortages. Temporary nurses (bank, agency [B&A]) are one 
solution. The use of B&A staff is regarded by some commentators as an indication of system 
inefficiency; others argue temporary staff offer flexibility and improved productivity both significant 
factors in times of budget restraint (Buchan & Seccombe, 2012).  

Employing temporary staff at levels greater than 15 percent (%) have been linked to increased rates 
of medication error (Bae et al, 2010) as well as additional costs. Shift absenteeism is expensive, for 
example in 2012, spending on B&A staff (one proxy indicator) in the NHS in England increased 
overall. Levels of short notice shift requests (less than 24 hours) were reported at just below 20% of 
all requests for shift cover but accounted for a quarter of all, more costly, agency nurse usage (NHS 
Professionals 2012). Highest demand for B & A staff was at weekends, to cover afternoon (late) and 
night shifts (NHS Professionals, 2012). Out of hours has been identified as the period when greatest 
numbers of adverse events occur, least qualified staff are available (Wong and Morra, 2011), and 

                                                        
1 Nursing staff in this context means the appropriate number and skill mix per shift of registered nurses (RN) and support 

staff (health care assistants, assistant practitioners, auxiliary nurses).  
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the periods when temporary staff are more likely to be used to infill for staff absences (Buchan & 
Seccombe, 2012). 

Applied mathematical optimisation, or intelligent computing, has much potential to assist managers 
involved in rescheduling (Clark & Walker, 2011), but is as yet largely unrealised (Moz and Pato, 
2003, 2004, 2007; Bard and Purnomo, 2006; Kitada et al., 2010; Maenhout and Vanhouke, 2011). 
In a recent review of the application of mathematical/computational approaches to the challenges 
associated with rescheduling, few examples of end user involvement - nurse manager decision-
making - were evident (Clark et Walker, 2011). Building on that review, we undertook a consultation 
exercise with ward and senior managers in several NHS trusts (Clark et al., 2013).  This brought to 
the foreground the complexity of rescheduling decision-making, and the urgent imperative to 
interrogate managers more comprehensively, if such applications were to have operability.  This 
research sought to capture that complexity and managerial intelligence, mapping the typology of 
decisions and costs associated with rescheduling in an NHS organisation and inform prototype 
development.  It thus contributes to the development of a mathematic model based decision support 
tool for managers to use to make considered, operationally robust and speedier rescheduling 
decisions.  

Aims 

This report outlines the results of individual interviews with managers at a mental health Trust  in 
order to better understand the management challenge and inform the development of mathematical-
based tools for rescheduling.  It aims to provide a preliminary analysis of: 

1. the characteristics of rescheduling events in an NHS organisation  

2. the managerial decision-making and initial cost information associated with rescheduling nurse 
shift absences 

Methods  

An explanatory observational case study design incorporating critical incident technique (CIT) 
(Flanagan, 1954) was used.   An NHS organisation was identified as a case study site and agreed 
to participate. The organisation had participated in earlier preparatory work (Clark et al., 2013). 
Ethical approval was secured for all phases prior to data collection firstly through local NHS 
Research & Development permission and then through the UWE Faculty of Environment & 
Technology’s Research Ethics Committee.  The study design and all data collection tools were 
developed with input from the case study participants, experienced members of the research team 
and service managers.  The organisation was a mental health Trust providing a range of provision 
including secure services to a population across a large rural and urban area of the South West.  
The Trust uses a computerised system for nurse scheduling. Working with key informants (local 
ward or unit managers), rescheduling ‘critical incidents’ over a given week were identified and 
recorded. 

The case study data was collected through semi-structured interviews with three knowledgeable key 
informants who were Managers within the Trust, leading a total of four different wards.  The 
interviews were used to explore the nature of the critical incidents recorded in the incident log, the 
decision making process which took place and how the incidents were managed. The interviews 
lasted between one to two hours in duration and were conducted over a period of one month.  

Interviews are a highly efficient way to gather rich empirical data, their key strength is the provision 
of insight into perceived causal inference (Yin, 1994).  The use of loose questions was used as a 
guide whilst remaining flexible, with an emphasis upon how the interviewee understands the issues 
and events that have taken place, and what they believe is important in explaining patterns and 
behaviour (Bryman & Bell, 2003, p343).   When interesting avenues which were not directly related 
to the interview questions arose these were pursued and recorded which allowed the interviewer to 
address a number of predetermined questions in a systematic consistent order, whilst 
simultaneously allowing the interviewee to develop and speak more widely on issues raised by the 
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research (Berg, 2004).   As part of this process a case narrative was produced (Voss et al., 2002) 
and further discussion were carried out with respondents in order to validate any discrepancies, fill 
in any missing information and prevent misunderstanding of issues and events.   

Results 

The results are presented in two sections. The first summarises the critical incidents recorded on 
the incident log; the second reports on the interview findings and is centred around the four  
themes: inefficiencies in the formal systems; informal support systems; the characteristics of cover 
staff and  the impact of rescheduling. 

Incident log 

An incident log was used to record all critical incidents occurring in one week on the four wards.  
The incidents were recorded as either red or amber depending upon the severity of the incident; 
where:  

 A Red incident was identified as a shortage/unexpected absence of any qualified nurse 
which reduced the staff to patient ratio to an undesirable level.   

 An Amber incident was identified as a shortage/unexpected absence of any unqualified staff 
member which reduced the staff to patient ratio to an undesirable level (N.B., any further 
shortage/unexpected absence would lead to the recording of a red incident). 

The causes of shortages include maternity leave, annual leave2, sickness (short and long-term), 
difficulties in recruiting qualified staff, and delays while waiting for the DBS check of new staff.  In 
the week under study, there 59 Red incidents and 7 Amber ones over the four wards, as shown in 
Table 1.  An Amber Incident is considered to be less serious than a Red Incident.  The general 
perception was that most red incidents were known / could be anticipated in advance. Red incidents 
can usually be avoided with good initial scheduling that takes into account the individual staff 
preferences (including their ability or willingness to cover in different geographical locations). 
 

Date: Week's

Shift: E L N E L N E L N E L N E L N E L N E L N Total

Red 1 1 1 3

Amber 1 1 1 1 4

Red 1 1 1 1 1 2 2 1 1 1 1 1 14

Amber 1 1

Red 1 2 1 2 2 1 1 1 3 3 2 1 1 2 2 2 3 2 32

Amber 0

Red 1 1 1 1 1 1 1 1 1 1 10

Amber 1 1 2

Red 2 3 1 4 3 1 3 4 0 0 4 6 4 1 3 2 3 4 4 4 3 59

Amber 1 0 0 0 0 0 1 0 0 0 2 0 0 0 0 0 1 0 1 1 0 7

Sun 30

Ward 4

Ward 3

Ward 1

Ward 2

Mon 24 Tue 25 Wed 26 Thu 27 Fri 28 Sat 29

All Wards
 

 
Table 1:  Red and Amber Incidents over a week in April 2014, by ward, type, day and shift. 

 

                                                        
2 Annual leave was a particular issue during this time period as a number of staff needed to 
take leave before the end of March, which affected the March figures. 
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Interview Findings and Results 
 
This section reports the findings from the interviews conducted with the Ward Managers as part of 
the empirical data collection phase.  The wards and Ward Managers are referred to by code (W1, 
W2 and W3) and any quotations are annotated with this coding.  To ensure anonymity, no 
information is provided which could link individual participants’ roles with the verbatim quotes.  A 
number of different themes emerged from analysis of the interview data. The main themes were: 

A. Inefficient formal systems 
B. Informal support systems 
C. Re-rostered cover staff 
D. Time and resource impact of rescheduling 

A. Inefficient formal systems 

Discussions centered around deficiencies in two formal systems, the formal roster system 
‘RosterPro’ and the process for allocating Bank staff to staffing shortfalls. 

RosterPro is used as the formal roster system across the three wards.  This system was felt to fall 
short in a number of areas, from initial ‘logging into’ the system (which takes anything up to  five 
minutes and requires a number of different passwords for each stage of the login process) to being 
blocked from the system if it is in use by another member of staff to the lack of ‘read only’ 
functionality.   

Generally the staffing rota is completed up to eight weeks in advance by the team leaders and is 
revised on a monthly, weekly and daily basis to ensure staffing levels are adequate.  A lack of trust 
in the system means that the team leaders regularly interrogate the data for accuracy. 

 “I am always looking at the system, it feels like you are always looking at it and checking it 
on a daily basis” (W2 Manager) 

The process for dealing with possible red incidents includes putting the potential gaps into 
RosterPro and notifying the Bank. This is then distributed automatically to potential cover staff via 
email or text by the Bank.  Access to the roster system is generally restricted to the admin staff and 
nursing staff at grade 6 and above (with the exception of one Grade 5 nurse).  Changes can only be 
verified by the Ward Manager and there is no ‘viewing’ access for other staff to view the system; 
currently other staff only have access to request a shift change.  The administrator is responsible for 
reconciling the actual staffing data with RosterPro at the end of each week, which is signed off by 
the Ward Manager. 

The system is not backed up, and has led to the Ward Managers feeling vulnerable as occasionally 
the system fails completely and often to considerable amount of rework, should this occur. 

 “I authorized the March rota and this then disappeared, I had to renter [the data], this took 
four  hours to put back in” (W1 Manager) 

Bank administrative costs are an overhead which is allocated within the ward costs.  Using the Bank 
to find cover has the potential to be more convenient and take less time, however the perception is 
that the process cannot be relied upon.  There was evidence of requests being placed to Bank 
several weeks prior to an incident which had not been filled by Bank (W1) and an example where 
Bank staff were organised well in advance to cover an anticipated shortfall, but then they cancelled 
at short notice and without prior notification from the Bank.   

“..often Bank staff book far in advance for shifts and then cancel in order to take shifts 
[closer to home] …the Bank does not understand the ramifications of one staff member 
being absent” (W1 Manager). 

B. Informal support systems 

Because there are concerns about the integrity and stability of the formal roster system a number of 
localized informal practices have emerged:   
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Paper rotas were used across all of the wards studied.  In W1 because of the experience of losing 
RosterPro data, with no available backup, the Ward Manager was “pleased to have a paper roster 
to work from, though [they] are told not to keep paper copies” (W1 Manager).  On W2, staff shift 
patterns were recorded using an informal paper system as not all staff had access to staffing levels 
in RosterPro and the information held in RosterPro was believed to be regularly ‘out of date’. W3 
commented;  

“Schedules are made four to six weeks in advance using paper to identify forthcoming 
shortages … [from this] the Bank is constantly called upon with informal roster requests 
which eventually get reflected in RosterPro”). 

Informal methods of communication have developed across the wards due to a lack of confidence in 
the formal systems. Because the RosterPro system is not always up to date Ward Managers will 
often simultaneously activate several staff search options for immediately-local staff and to verify 
whether Bank staff will be available.  Ward Managers will regularly email staff to update them on 
shift changes or opportunities to cover gaps in the rota, they will also telephone to check availability.  

 “I am not always sure the Bank identify gaps in the rota, so I ring them as well.  We also ask 
staff on the ward, on other wards and ring around other staff who sometimes cover for us at 
the same time” (W2 Manager) 

At weekends, if there is no ward manager on duty, then staff can only telephone an online manager 
who is off-site and will not visit unless there is a Major incident. 

C. Re-rostered cover staff 

There is a strong preference to “have people that know the ward covering the shift” (W1 Manager).  
Staff re-rostered to the shift who are unfamiliar to the ward require additional briefing and support. 

 “There is more reliance on the support worker to know the ward … the support worker must 
do more to keep the ward safe, taking up more of their time, which might mean less time for 
the clients” (W1 Manager) 

Having staff who have worked on the ward before enables the manager to have immediate 
confidence in the covering staff as being competent; it is also likely they will already be familiar with 
the clients and their possible behaviour issues. 

 “….we have a list of people we know we can ring, we use RosterPro to see if they are 
covering shifts elsewhere, we can also ring the ward next door” (W1 Manager) 

One manager also cited the case of a client whose abscondment could have been better foreseen 
and probably prevented by staff familiar with the ward and its clients. 

There are difficulties finding cover for a qualified early shift, as possible cover staff are often working 
elsewhere on other wards.  There are also difficulties finding cover for specific wards where the 
environments are more challenging (for example clients may be more aggressive). 

“We have had some good bank and agency staff, but others we would not want to come 
back … If someone is good or bad the Ward Manager hears about it.  I listen to staff 
concerns and address it with the bank.  The Bank has a complaint process and if we are 
unhappy we can go through this.  I have used this in the past and the Bank investigates.” 
(W2 Manager) 

D. Time and Resource Impact of rescheduling 

The time spent rescheduling impacts a Ward Manager’s ability to meet other targets such as 
monthly one-to-one supervision meetings with staff.  Red and Amber incidents regularly use up to 
one and a half hours per shift of management resolution time and also require cover of nurse 
briefing/support time; this increases if the covering staff do not know the ward.  Typically a critical 
incident can absorb within the shift: one and a half hours of Band 7 manager time, one and a half 
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hours of Band 5/6 qualified staff time, one hour of Band 2 support staff time, and the cost of 
bank/agency staff.   

Very occasionally a Ward Manager has to cover an absence or shortage themselves, in which case 
they are not available to fulfil immediate responsibilities (such as dispensing drugs for which they 
are the key-holder) and directly impacts their management work. 

Using agency staff is very expensive; it is cheaper to agree overtime for existing staff.  There were 
only a handful of instances over the preceding six months where the use of agency workers had 
been agreed.   

 “Agency cover is 100% your last resort. Agency costs are high; the more they are used the 
greater the cost, but sometimes we need to have agency.  We have to work within our 
budget and need to get authorisation from the local Managing Director to get agency 
agreed” (W2 Manager) 

In terms of clerical administration of this activity, the Ward Manager has to go onto the system and 
authorize payment of the Bank, checking for any changes  

 “This takes up to four hours a week.  I can get the administrators to do it, but I am 
responsible and so I tend to go on the system and make any changes to staff [myself]” (W2 
Manager) 

Discussion and Limitations 

It is important to acknowledge that the study was limited to one mental health Trust and accessed 
CIT and interview data from three in-patient ward areas. Conclusions are therefore based on a 
small sample of convenience and localised experience.  

Computerised rostering systems had been introduced to all three-ward areas, however it was clear 
that staff experienced difficulties in use. In particular there were time delays in logging onto the 
system, an action routinely undertaken on a daily basis. It is acknowledged that health care staff are 
reluctant to engage with technology if it fails to meet their needs (Ward, 2013), indeed, a lack of 
confidence in the system meant ward managers were reluctant to rely on it.  They felt the need to 
check the accuracy of data held.  When a reduction in staff levels was recorded within the system, 
this triggered a request to the Bank for staff cover. In theory, such an alert should ensure planning 
to cover staff absence, however, pre-planning cover in advance failed to prevent issues of staff 
shortages, with potential ramifications for staff and client safety (Rafferty et al., 2011). Ward 
managers felt that Bank staff changed their work plans ahead of the rostered shift, resulting in 
shortages on the day. 

A lack of trust in the accuracy and functioning of the system prompted staff to maintain their own 
informal paper based rosters. Whilst viewed as necessary by staff, this duplication of effort suggests 
the intended resource saving benefits of the computerised system are not being fully realised. 
Moreover, ward managers have implemented a wide range of informal measures to ensure safe 
levels of staff rostering and to overcome some of the shortfalls they see in the current system. In 
particular, ward managers telephone or email the Bank to ensure cover is in place. In addition, they 
often contact individual staff with shift availability to try an overcome staff shortages. Engaging end 
users in the development and use of technology may well help address some of these issues (Clark 
and Walker, 2011). 

There was a strong preference to manage any staffing shortfalls from the existing staff base or 
those familiar with the ward environment and client group, as this was perceived to improve client 
care and avoid poor care (Francis Report, 2013). Having familiar staff available to work on the ward 
instilled confidence in the remaining staff and reduced the need for orientation to the ward 
environment, practices and client group. This was particularly important in high dependency areas, 
where client familiarity with the client group was important.  

Managing a shortfall in staffing levels impacted on the manager’s time, with considerable effort 
required to ensure a shift was adequately staffed. In addition, ward managers suggested they had 
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on some occasions had to extend their working hours and work beyond contracted hours (Lobo et 
al., 2013) to cover staff absence and ensure safe staffing levels. Furthermore, the need to replace 
absent staff resulted in additional resource costs to the clinical area (Buchanan and Seccombe, 
2012), which could ultimately require funding of expensive over time payments and agency staff.  

Conclusions and recommendations for further research 

The use of CIT has facilitated an understanding of the complexity of rescheduling in a mental health 
Trust. It provided insight into how formal and informal managerial structures and decision-making 
functions. It also highlighted the difficulties experienced by those managing  re-rostering and the 
potential impacts on resources, staff and client care. The study, though limited, suggests that 
electronic systems for re-rostering that are built into effective rostering programmes would be 
welcomed by staff and could help overcome some of the current difficulties experienced in 
managing staffing levels needed to maintain staff and client safety. To be effective any 
mathematically-generated re-rostering development would need to be reliable, reflect individual staff 
preferences and loyalties, and would be reliant on staff commitment.  
 

References  

Aiken L.H., Clarke S.P., Sloane D.M., Sochalski J. and Silber J.H. (2002). Hospital Nurse Staffing 
and Patient Mortality, Nurse Burnout and Job Dissatisfaction. Journal of the American Medical 
Association 288 (16), 1987-1993.  

Aiken L.H and many others (2012). Patient safety, satisfaction, and quality of hospital care: cross 
sectional surveys of nurses and patients in 12 countries in Europe and the United States, BMJ 
2012; 344 doi: http://dx.doi.org/10.1136/bmj.e1717 (Published 20 March 2012). 

Bae S. H., Mark B, Fried B (2010). Use of temporary nurses and nurse and patient safety outcomes 
in acute hospital units Health Care Management Review 35 (3) 333-344. 

Bard J.F. and Purnomo H.W. (2006). Incremental changes in the workforce to accommodate 
changes in demand. Health Care Management Science. 9 (1), 71-85.  

Berg, B. L. (2004). Qualitative Research Methods for the Social Sciences. London: Allyn and Bacon 

Bryman, A., & Bell, E. (2003). Business Research Methods: Oxford Univerisity Press. 

Buchan J, Seccombe I (2012). Overstretched. Under-resourced The UK nursing labour market 
review 2012, London, RCN. 

Clark A, Moule P, Topping A and Serpell M (2013). Rescheduling nursing shifts: scoping the 
challenge and examining the potential of mathematical model based tools. Journal of Nursing 
Management. Published online: 8 August 2013, doi: 10.1111/jonm.12158 

Clark A.R. and Walker H. (2011). Nurse rescheduling with shift preferences and minimal disruption. 
Journal of Applied Operational Research 3 (3), 148–162.   

Flanagan J. C. (1954). The Critical Incident Technique Psychological Bulletin 52 (4), 327-358 . 

Francis R. (2013). Report of the Mid Staffordshire NHS Foundation Trust Public Inquiry, The 
Stationary Office, London. 

Geiger-Brown J, Trinkoff A (2010). Is it time to pull the plug on 12-hour shifts?: Part 1. The 
evidence. Journal of Nursing Administration  40(3), 100-2. 

Kitada, Morizawa and Nagasawa (2010). A Heuristic Method in Nurse Rerostering Following a 
Sudden Absence of Nurses, Proceedings of the 11th Asia Pacific Industrial Engineering and 
Management Systems Conference, Manila. 

Lobo V.M., Fisher A., Ploeg J., Peachey G. & Akhtar-Danesh N. (2013). A concept analysis of 
nursing overtime. Journal of Advanced Nursing 00(0), 000–000. doi: 10.1111/jan.12117. 



12 
 

Maenhout B. & Vanhoucke M. (2011). An evolutionary approach for the nurse rerostering problem. 
Computers and Operations Research 38, 1400–1411. 

Miles, M.B. and Huberman, A.M. eds. (1994). Qualitative data analysis: An expanded sourcebook.  
Thousand oaks, Calif.: Sage, 1994 

Moz M. and Pato M.V. (2003). An Integer Multicommodity Flow Model Applied to the Rerostering of 
Nurse Schedules. Annals of Operations Research 119, 285-301.  

Moz M. and Pato M.V. (2004). Solving the Problem of Rerostering Nurse Schedules with Hard 
Constraints: New Multicommodity Flow Models. Annals of Operations Research 128, 179-197.  

Moz M. and Pato M.V. (2007). A genetic algorithm approach to a nurse rerostering problem. 
Computers and Operations Research 34 (3), 667-691.  

NHS Professionals (2012). White Paper Exposing the true cost of managing a temporary workforce  
Watford: NHS Professionals. 

Needleman J., Buerhaus P., Mattke S., Stewart M., and Zelevinsky K. (2002). Nurse-Staffing Levels 
and the Quality of Care in Hospitals. New England Journal of Medicine 346, 1715-1722. 

Needleman J, Buerhaus P, Pankratz VS, Leibson CL, Stevens SR, Harris M (2011). Nurse staffing 
and inpatient hospital mortality. N Engl J Med.364 (11) 1037–45. 

Maenhout B. and Vanhoucke M. (2011). An evolutionary approach for the nurse rerostering 
problem. Computers and Operations Research 38, 1400–1411. 

Rafferty A.M., Clarke S.P., Coles J., Ball J, James P., McKee M., and Aiken L.H. (2007). Outcomes 
of variation in hospital nurse staffing in English hospitals: Cross-sectional analysis of survey data 
and discharge records. International Journal of Nursing Studies 44 (2), 175–182.   

Rogers A.E., Hwang W.T., Scott L.D., Aiken L.H. & Dinges D.F. (2004). The working hours of 
hospital staff nurses and patient safety. Health Affairs 23 (4), 202–212. 

Silvestro R. and Silvestro C. (2008). Towards a model of Strategic Roster Planning and Control: an 
empirical study of nurse rostering practices in the UK National Health Service. Health Services 
Management Research 21, 93–105.  

Taylor S., White B. & Muncer S. (1999). Nurses’ cognitive structural models of work-based stress. 
Journal of Advanced Nursing 29 (4), 974–983. 

Voss, C., Tsikriktsis, N., & Frohlich, M. (2002). Case research in operations management. 
International Journal of Operations & Production Management, 22(2): 195. 

Ward R (2013). The application of technology acceptance and diffusion of innovation models in 
healthcare informatics. Health Policy and Technology. 2 (4), 222-228. 

Welch C E and McPaul K M (2013). The timing and type of nursing staff occupational injury and 
illness incidents, Veterans Health Administration, 2002-2011: a retrospective, population-based, 
descriptive analysis Journal of Nursing Education and Practice  3 (3), 13-26. 

Wong H J & Morra D (2011). Excellent hospital care for all: Open and operating 24/7 J Gen Intern 
Med 26 (9) 1050-2. 

Yin, R. K. (1994). Case Study Research: Design and Methods. California: Sage Publications 

 


