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ABSTRACT 

 In this study, single machine scheduling concepts with uncertain processing times and 

interruptions were reviewed to model and analyze the inpatient care task sequencing problem. 

The task sequencing problem involves answering the question of which task to perform next; 

upon completion of a task or when an interruption takes place. The two objectives considered are 

minimizing tardiness and minimizing distance walked by a nurse for the shift. Interruption 

handling actions identified from the literature and traditional dispatching rules will be used to 

develop task sequencing strategies depending on the system state at the time of the decision. A 

simulation model, developed using VBA Excel, and simulation-based experimentation were used 

to identify best-performing task sequencing strategies under different circumstances. 
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CHAPTER 1 

INTRODUCTION 

Inpatient care consists of providing medical treatment for patients admitted to a hospital 

having severe physical trauma or severe illness. Inpatient care work can be time sensitive. For 

instance, some medications follow a standard procedure, and are to be given at a specific time 

such as five minutes before eating, just after eating and drugs to be taken with minimum time 

intervals (Green, 2008).  

Nursing work is complex in nature and tough to manage as it is a mix of direct patient 

care activities (such as medication during rounds, taking blood pressure, explaining the patient), 

indirect patient care activities (such as reporting feedback to physician, checking inpatient care 

requirements level, answering phone calls) and non-patient care related nursing activities (such 

as training activities, knowledge sharing sessions, staff meetings, managing organizational goals) 

(Morris et al., 2007). There is a shortage of inpatient care providers globally (Chan et al., 2013) 

and this shortage will have significant effect on inpatient care quality and patient safety if not 

addressed (Buerhaus et al., 2007). In manually planning and handling all these activities during 

the shift, providers will experience physical and mental strain. 

Therefore, proper task sequencing strategies are needed for inpatient care workers to 

prioritize tasks in an effective way. Manual computation of optimal task sequences is a complex 

problem for a worker to decide which task to do next, particularly when the problem must be 

dealt with many times due to the uncertainty in task processing times and to the incidence of 

interruptions (Tucker & Spear, 2006). 
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Besides potentially disrupting a pre-defined task schedule, interruptions during high-risk 

processes, such as medication administration can be the cause of medical errors (Smeulers et al., 

2013) and have been attributed to avoidable deaths (Sitterding et al., 2014; Hulshof et al., 2012). 

Researchers argue that interruptions in inpatient care are regular and emerge from the people in 

the inpatient care setting such as, other healthcare providers, support staff, and family members 

(Smeulers et al., 2013). Most published research focusing on interruptions propose strategies 

targeted to reduce interruptions (McGillis Hall et al., 2010). Techniques implemented to reduce 

interruptions and improve efficiency include creating “no interruptions zones” (Anthony et al., 

2010), and wearing white vests with a message stating not to interrupt during medication 

administration or other critical processes (Craig et al., 2014). Nevertheless, regardless of efforts 

to reduce the incidence of interruptions during key processes, it is impossible to completely 

eliminate all interruptions from inpatient care delivery because some interruptions can be 

favorable (Kalisch & Aebersold, 2010). Researchers identified necessary and unnecessary 

interruptions during inpatient care (Cooper et al., 2016).   

Examples of necessary interruptions include calls from physician, critical lab results, 

emergency and important calls from family members (Cooper et al., 2016). The healthcare 

worker should be aware of the current state of the patients involved and make decisions 

regarding how to address the interruption. Examples of these decisions include to immediately 

engage with the interruption while stopping the initial (primary) task when the interruption is 

deemed to have a higher priority, or to postpone the interruption until after the primary task is 

finished, if it considered that such action will not have any negative impact on the involved 

patients (Sitterding et al., 2014; Cooper et al., 2016).  
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Given the need to both, perform routine healthcare work and address necessary 

interruptions, a strategy is necessary in deciding how to handle randomly emerging, and perhaps 

necessary, interruptions in order to reduce their influence on the associated tasks (Coiera, 2012), 

as well as on patient safety and on provider workload (Tucker & Spear, 2006).  

This research proposes to view the interruption handling problem as a scheduling 

problem, where the main resource is the healthcare worker involved in the interruption handling 

decisions. It is the purpose of this thesis to explore the usefulness of mathematical modeling 

techniques, such as optimization models and simulation models falling under the umbrella of 

operations research, to study the problem. Operations research techniques have been used to 

solve similar scheduling problems in different fields within manufacturing and services (Pinedo, 

2004; 2008).  While operations research concepts have been widely used to study healthcare 

problems in general, these applications typically concentrate on higher-level healthcare planning 

activities (such as demand estimation, location selection, capacity planning), management and 

logistics (such as patient scheduling, resource scheduling, logistics), clinical applications (such 

as disease diagnosis and treatment planning) and specialized and preventive healthcare (such as 

vaccines for preventing diseases, operation planning for organ transplantation) (Rais & Viana, 

2011; Brailsford & Vissers, 2011; Hulshof et al., 2012). Specific to inpatient care activities 

operations research applications mainly centered on ensuring the effective utilization of 

resources (such as asset planning, discharge planning) and cost minimization programs (Rais & 

Viana, 2011; Brailsford & Vissers, 2011). The use of operations research concepts for inpatient 

work planning problems as those studied in this research, are limited. 

This research defines the inpatient care task sequencing problem from the view point of a 

single worker who needs to perform the tasks throughout a shift. Specifically, it is assumed that 
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there is a known (i.e., predictable) set of tasks assigned to hourly rounds. The worker needs to 

decide the order in which the tasks per round are to be performed i.e., sequenced. The objectives 

of this thesis are (1) to study the inpatient care task sequencing problem using concepts from 

operations scheduling research and (2) to use simulation techniques to develop and evaluate 

practical solution approaches that can potentially be implemented in real time by inpatient care 

workers in handling the interruptions they face. The inpatient care sequencing problem is 

consequently modeled as a single machine scheduling problem involving time windows, 

precedence constraints, simultaneous tasks, stochastic processing times, and pre-emption.  

Different objectives can be used in identifying optimal task sequences. The most 

common (and implicit) objective used by healthcare workers is related to the timeliness of tasks, 

i.e., tardiness. A task is considered tardy when its completion time is greater than its due time.    

While tardiness is informally used in planning for tasks, the timeliness of tasks is often not 

explicitly used as an operational performance metric in inpatient care settings. Achieving 

hospital excellence of has been concentrated mostly on health center innovation rather than 

minimizing tardiness while executing inpatient care tasks (Green, 2008). This in contrast to 

manufacturing facilities where excellence is partly evaluated based on production rate, quality of 

the product and timely delivery of products. 

While tardiness can be a surrogate metric for quality at the short-term, operational level, 

it does not provide information on the workload of providers. The workload of providers is 

measured based on these five main parameters: extent of nursing time, degree of nursing 

intricacy, the amount of direct patient care needed, the level of physical work, and difficulty 

during inpatient care (Alghamdi, 2016).  Morris et al. proposed a model for measuring the level 

of provider work load. The model suggests measuring the effort towards non – patient care 
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related activities and direct / indirect patient related activities individually before analyzing the 

total workload (Morris et al., 2007). In this research, we have considered distance walked by the 

provider as the criteria to measure provider workload (Alghamdi, 2016). Distance walked falls 

under the physical work category and can be directly affected by the task sequence used. 

This work focuses on inpatient care tasks and necessary interruptions, and investigates 

the handling strategies to handle interruptions in terms of timeliness and workload. Specifically, 

the objective of this task sequencing problem is to determine a task sequence that minimizes total 

tardiness and distance walked for the shift. For the purpose of analysis, the inpatient care task 

sequencing problem was divided into three sub problems: (1) initial task sequencing, which 

consists of deciding the order of known tasks at the start of the shift; (2) task re-sequencing upon 

realization of processing times, which consists of revising the sequence when actual processing 

times are known, if necessary; and (3) interruption handling, which consists of deciding how to 

address an emerging interruption.  

This thesis further is organized as follows. In chapter 2, the literature on single machine 

scheduling, dispatching rules, and interruption handling actions in healthcare are reviewed. We 

show that while there is considerable research on scheduling, assumptions needed in modeling 

the inpatient care task sequencing and interruption handling problems have not been studied 

within a single application and thus motivate this work. We also provide a comprehensive list of 

dispatching rules that exist in the scheduling literature and discuss their practical advantages and 

disadvantages. In chapter 3, the inpatient care task sequencing problem is formally defined using 

scheduling concepts integrated with theories from interruption psychology. To the best our 

knowledge, this is the first attempt to combine these two lines of research to support the 

understanding of scheduling decisions made by any kind of worker. In addition, the simulation 
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modeling approach is introduced by describing in detail the application developed using VBA 

through Microsoft Excel. The details of the coding approach are also provided in this chapter. In 

chapter 4, fixed dispatching rules for inpatient care task sequencing under fixed interruption 

handling strategies are evaluated and general recommendations are provided. In this chapter, we 

assume that dispatching strategies for task sequencing and interruption handling actions are fixed 

for the whole shift. Under these assumptions, we provide recommendations on what is the best-

performing fixed strategy and action in terms of different performance metrics as well as in 

terms of key characteristics of the workday. In chapter 5, practical, state-dependent interruption 

handling strategies are investigated and analyzed using simulation experimentation. This chapter 

explains how key work system features were selected, how experiments were designed and how 

data was analyzed to extract recommendations for task sequencing and state-dependent 

interruption strategies. In chapter 6, the conclusions of this research are summarized and general 

guidelines on the data that would need to be collected in order to characterize and analyze an 

inpatient care work system are given. 

This research lies at the intersection of scheduling, healthcare and psychology research, 

and it can be considered one of the first attempts to quantify the impact of interruptions on 

operational outcomes in order to proactively analyze work planning decisions. Such effort 

involves the following contributions: defining measurable operational performance metrics 

representing healthcare quality and provider workload that are directly affected by the task 

sequencing decision, representing qualitative research constructs (e.g., state-of-the-art 

interrupting psychology theories). 

While most of the inputs to the problem (e.g., task lists, processing times, interruption 

incidence) are derived from available data on real workdays of patient care assistants in a 
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healthcare unit, some of the inputs had to be assessed arbitrarily for the purpose of model 

development and analysis as proof-of-concept. This means that the numerical results obtained 

may not be directly generalizable to practice as of the conclusion of this thesis. Nevertheless, the 

proposed modeling and analysis approach motivates further research on the topic, particularly 

the collection and analysis of such inputs to further advance the design and analysis of inpatient 

care, and other human-driven work systems affected by interruptions.   
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CHAPTER 2 

LITERATURE REVIEW 

 The literature review focused on Single machine scheduling since 1987 to till date which 

contains an explicit formulation or review of existing formulations.  Springer link and ProQuest 

were considered as our search databases for the review. In this study, literature focuses on three 

areas (1) machine scheduling models which including stochastic processing times and machine 

breakdowns with emphasis on model and heuristics applied in solving the sequencing problem 

(2) dispatching rules and (3) interruption handling actions in inpatient care.  

2.1    Machine Scheduling Models 

2.1.1   Single Machine Studies with Stochastic Processing Times 

 This problem was stated NP-hard (Gupta et al., 1987; Koulamas, 1996; van den Akker, & 

Hoogeveen, 2008; Ronconi & Powel, 2010; Liu et al., 2007).  Salmasnia et al. (2015) developed 

a robust Goal Programming E- Model. He considered two objectives at the same time, 

minimization of the mean completion time and minimization of earliness and tardiness cost. The 

due dates are assumed as certain, mean and variance of the processing time are assumed known. 

The constraints in the model are purely based on the confidence levels prescribed by the decision 

maker. This approach results in an anticipated schedule with the confidence levels stated. This 

GPE model attains robustness by allowing idle times in the schedule.  

Cai. X et al. (2007) solved a similar case by arranging the jobs with random processing 

time in ascending order of their likelihood ratio. what stochastically minimizes maximum 
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lateness objective and for random due dates the ascending hazard-rate order is followed to 

sequence the jobs. 

  Ronconi, D. P. et al. (2010) studied online scheduling problem where the jobs arrive at 

random times to be scheduled without any information of upcoming jobs. The job parameters, 

due date and processing time are known at the time of job arrival. The approximate dynamic 

programming based method developed by Ronconi and Powell finds an optimal sequence which 

minimizes total tardiness assuming non-preemptive case. By inserting idle times, this frame work 

handles the scenario. 

Yue and Tu (2004) shows that jobs should be arranged in descending stochastic order of 

their due dates to minimize the weighted job tardiness in expectation. Yue and Tu assumed 

processing times and due dates are independent random variables with random distribution 

functions. 

Van den Akker, M. & Hoogeveen, H. (2008) considered the problem of minimizing the 

number of late jobs with stochastic completion times. The developed model was constructed 

using chance constraints to determine whether a job is on time or late. Van den Akker & 

Hoogeveen (2008) considered four types of distributions for stochastic processing times: gamma 

distribution, negative binomial distribution, normal distribution and equally distributed 

processing times with deterministic due dates. The paper solves the first two types of 

distributions using Moore and Hodgson algorithm proposed by Moore (1968) solvable in O(n log 

n) time and additional assumptions made to solve third and fourth types of distributions. The 

scheduling problems with processing times normally distributed are treated as NP-hard in the 

ordinary sense and times with equally distributed processing times are solved using the same 
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algorithm. The probabilistic minimum acceptance ratio is taken is defined in prior based on the 

historical data, given that it cannot be known in advance whether the job will be on time or not. 

2.1.2   Single Machine Studies with Machine Breakdowns 

 Finding a robust and stable schedule under random breakdowns was researched by Liu et 

al. (2007). The stability of the predictive schedule is judged by new surrogate measure.  This is a 

two stage multi-populated genetic algorithm based solution minimizing the total weighted 

tardiness of all jobs. It was assumed that the interval between two consecutive breakdowns was 

exponentially distributed, while all other data were assumed deterministic and known. 

 Li & Alfa (2005) researched a category of unreliable machine stochastic scheduling 

problem with processing times and random uptime and downtime. This is one of the few studies 

we identified considering both, processing and machine parameters in developing scheduling 

policies. The authors assumed no pre-emption is allowed in scheduling. 

Kacem et al. (2015) studies the scheduling model with machine availability constraints 

with minimization of weighted number of late jobs as the objective function. The authors 

developed a Fully Polynomial Time Approximation Scheme based on modifying the dynamic 

programming range of exact algorithm which holds good with the resumable case and it doesn’t 

hold good with the non resumable case. There can be many reasons for the machine down time 

such as planned maintenance periods, delay in machine setup, among others. 

Based on our review of the literature on single machine scheduling, we conclude that 

most of the researchers allow idle times in the schedule to address the uncertainty and achieving 

robustness in their solution. The schedules are generated using expected values of variables 

because the performance cannot be perceived before implementing the anticipated schedule. 
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None of the models developed to obtain optimal solutions were applied in real time scheduling, 

none of the research articles considered any form of pre-emption in the problem definition, and 

their complexity requires the assistance of computers and some computational time to come up 

with a solution. Although these could be potentially used in any environment, having to find and 

use a computer every time a task is finished or an interruption arises can add a significant 

amount of work for inpatient care workers. This shows the importance of practical and easy to 

implement heuristics to solve the problem.  

TABLE 1 

SUMMARY OF SINGLE MACHINE SCHEDULING LITERATURE REVIEW 

 

 

 Inpatient care task sequencing problem components 

Reference 

Stochastic 

Processing 

Time 

Due date/ 

Time 

windows 

Precedence 

Constraints 

Simultaneo

us task 

Stochastic 

Preemption 

Machine 

Breakdowns 

Gupta & Kyparisis 

(1987) 
✓ ✓ ✓

   

van den Akker & 

Hoogeveen (2008) 
✓ ✓

    

Roconi & Powell 

(2010) 
✓ ✓

    

Liu et al. (2007)      ✓

Salmasnia et al. 

(2015) 
✓ ✓

    

Cai et al. (2007) ✓ ✓ ✓
   

Yue & Tu (2004) ✓ ✓
    

Moore (1968)       

Li & Alfa (2005) ✓ ✓
   ✓

Kacem et al. (2015)      ✓

Koulamas (1996)  ✓
    

This research ✓ ✓ ✓ ✓ ✓ ✓
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2.2   Dispatching Rules 

 Dispatching Rules are heuristics to generate a sensible schedule for machine or worker. 

These heuristics are quick and easy to implement but do not guarantee obtaining an optimal 

solution to different sequencing problems (Pinedo, 2008). The dispatching rules are majorly 

classified into two categories. The first is further classified with respect to time; they can be 

static or dynamic rules which are time independent and dependent, respectively. The second 

category is based on the information the rule considers in scheduling; they can be local or global 

rules. In local rules, the information about other machines is not considered while scheduling, 

where as in global rule the information of other machines in the facility is also considered while 

scheduling (Pinedo, 2008; Neelam et al., 2016).  Dispatching rules are more commonly used to 

solve scheduling problems in manufacturing industry (kaban et al., 2012). Because of the 

variability in processes, task sequencing approaches in a healthcare environment should be local 

and dynamic. The schedule generated should be a function of time and available information 

about the tasks that need to be sequenced. Table 2 shows a list of the dispatching rules identified 

from the literature. 

 Kim et al. (2008) claims that better schedules can be developed by using genetic 

algorithms in combination with dispatching rules for job shop scheduling and it even covers the 

drawbacks of genetic algorithms. The author asserts that dispatching rules were found preferable 

to genetic algorithm in three considerations. Firstly, there are many dispatching rules available to 

apply for an objective whereas genetic algorithm generates only one solution. Secondly, each 

solution obtained using genetic algorithms produced scattering results, whereas dispatching rule 

solutions produced stable results. Thirdly, computer is needed to solve genetic algorithm as there 

are many parameters involved. 
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TABLE 2 

LIST OF DISPATCHING RULES AND REFERENCES 

Rule Description Type Parameters Reference 

SIRO Service in Random Order Static   Pinedo, 2008 

ERD Earliest Release Date Static Release Date Pinedo, 2008 

EDD Earliest Due Date Static Due Date Pinedo, 2008 

WSPT 
Weighted Shortest 

Processing Time 
Static Processing Time, weights Pinedo, 2008; Pinedo,2004 

LPT Longest Processing Time Static Processing Time Pinedo, 2008 

SPT Shortest Processing Time Static Processing Time Pinedo, 2008; Horng, 2006 

SST Shortest Setup Time Static Setup Time Pinedo, 2004 

LFJ Least Flexible Job First Static Machine acceptance Pinedo, 2004 

LNS 
Largest Number of 

Successors 
Static Successors data Pinedo, 2004 

SQNO 
Shortest Queue at the Next 

Operator 
Static Waiting Time Pinedo, 2004 

CP Critical Path Static 
Processing Time, 

Precedence 
Pinedo, 2004 

FIFO First in First Out Static   
Chena et al., 2012; Kaban 

et al., 2012 

LIFO Last in First Out Static   
Kaban et al., 2012; Silava 

et al., 2012 

STPT 
Shortest Total Processing 

Time 
Static Processing Time 

Chena et al., 2012; Kaban 

et al., 2012 

LTPT 
Longest Total Processing 

Time 
Static Processing Time Kaban et al., 2012 

CR Critical Ratio Dynamic 
Processing Time, Due 

date, Current Time 
Kaban et al., 2012 

MS Minimum Slack Dynamic 
Processing Time, Due 

date, Current Time 

Pinedo, 2008, Kaban et al., 

2012; Horng, 2006; Lee et 

al., 2003 

ECT Earliest Creation Time Dynamic Arrival Time Kaban et al., 2012 

LCT Longest Creation Time Dynamic Arrival Time Kaban et al., 2012 

SWT Shortest Waiting Time Dynamic Waiting Time in Queue Kaban et al., 2012 

LWT Longest Waiting Time Dynamic Waiting Time in Queue Kaban et al., 2012 

LTWR 
Least Total Work 

Remaining 
Dynamic Processing Time Kaban et al., 2012 

MTWR 
Most Total Work 

Remaining 
Dynamic Processing Time 

Kaban et al., 2012; Sharma 

et al., 2016 
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2.3   Interruption-Handling Actions in Healthcare 

We reviewed literature focusing on interruptions in healthcare. In general, healthcare 

interruptions research has been originated from the healthcare community and involves 

retrospective analysis of observed behaviors.  Three general lines of research were identified in 

this literature. The first line of research emphasizes on awareness enhancement aimed at 

reducing interruptions (Cornell et al., 2011; McGillis Hall et al., 2010; Rochman et al., 2012). 

The second focuses on system and process redesign to prevent interruptions during specific 

processes such as medication administration or to minimize the impact of interruptions on such 

processes (Colligan & Bass, 2012; McGillis Hall et al., 2010; Redding & Robinson, 2009; 

Spooner et al., 2015; Tucker & Spear, 2006). The third line of research describes actions to 

handle the interruptions that could not be prevented in the first place (Colligan & Bass, 2012; 

Palese et al., 2009).  

Specific interruption handling actions extracted from the literature and their definitions 

are shown in Table 3. Very few of the articles actually focused on studying these actions. There 

is little research studying proactive interruption handling actions under different circumstances, 

which is the focus of this research. 

Furthermore, researchers on interruption psychology have identified several implications 

on the execution of tasks in the presence of interruptions. Of importance to our research, are the 

interruption and resumption lags associated with addressing interruptions arising during the 

performance of a primary task. The interruption lag involves activities needed to stop the 

interrupted task to attend to the interruption (such as closing bottles, locking a computer, or 

relocating the patient safely). Resumption lag includes the time needed to get back to the point 

where the task was interrupted (walking back to the original location of the task, opening bottles, 



15 

 

unlocking the computer, searching for the necessary information, among others) (Grundgeiger et 

al., 2010; Li et al., 2012). 

TABLE 3 

INTERRUPTION HANDLING ACTIONS 

Strategy Definition Reference 

Engage 
Attend to interruption 

immediately 

(Colligan & Bass, 2012; Grundgeiger et 

al., 2010; Sitterding et al., 2014) 

Postpone 
Deal with interruption at 

end of primary task 

(Buchini & Quattrin, 2012; Palese et al., 

2009; Relihan et al., 2010; Tomietto et 

al., 2012) 

Block / 

Resequencing 

Do not attend to 

interruption and continue 

to finish primary task. 

(Colligan & Bass, 2012; Redding & 

Robinson, 2009; Sitterding et al., 2014; 

Spooner et al., 2015) 

Prioritize 

Determine which task is 

more in order to select 

appropriate action 

(Klemets & Evjemo, 2014; Rivera, 

2014; Sasangohar et al., 2015; Tucker 

& Spear, 2006; Varpio et al., 2012) 

Delegate 
Designate other person 

to handle interruption 

(Palese et al., 2009; Relihan et al., 2010; 

Tomietto et al., 2012) 

Mediation 

Complete subtasks of 

primary task before 

attending interruption 

(Colligan & Bass, 2012; Hopkinson & 

Jennings, 2013; Sitterding et al., 2014) 

Multitask 

Attend to interruption 

while continuing to work 

on primary task 

(Colligan & Bass, 2012; Kalisch & 

Aebersold, 2010; Sitterding et al., 2014; 

Sorensen & Brahe, 2013; Tucker & 

Spear, 2006) 

 

In what follows, we describe and formulate the inpatient care task sequencing problem 

using the single machine analogy to represent a healthcare worker. 
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CHAPTER 3 

INPATIENT CARE TASK SEQUENCING 

 This chapter introduces the research methodology and experimental design of inpatient 

care task sequencing problem. It outlines the problem formulation, simulation tool development 

and pseudo code applied in the simulation. One of the main objectives of this thesis is to study 

the impact of interruptions on the inpatient care shift. For this study, we have integrated concepts 

related to task scheduling and interruption handling actions in the simulation model to run the 

experiments.  

   

 

 

Figure 1. Overview of the Method. *At this stage, interruption handling strategies are based on 

subjective assessments. Nevertheless, the analysis structure can be used to evaluate strategies 

derived from more objective analyses. 

Simulation Model

Healthcare
Interruptions

Single 
Machine 

Scheduling

Suggested Interruption-

handling Strategies* 

Experimentation 

Results 
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3.1 Problem Formulation 

 In this thesis, we consider a stochastic, single worker task scheduling problem in an 

inpatient care setting. It is assumed there are 12 one-hour rounds per shift and a set of predictable 

tasks have already been assigned to each round at the start of the shift. Each task has stochastic 

duration (𝐷𝑗), which is exponentially distributed with specified mean (µj), known deterministic 

target time (𝑡𝑗), due time (𝑑𝑗) and release time (𝑟𝑗). If the task is executed after the release time, 

and the completion time (𝐶𝑗) is on or before the due time, it is considered on time. On the other 

hand, if the task completion time is after the due time the task is considered tardy and the 

tardiness (𝑇𝑗) is measured. 

 The objective is to determine a task sequence for each round which minimizes total 

tardiness (T) and distance walked (w) up to the decision moment as well as for the overall shift. 

 Random pre-emption due to interruptions is allowed and there is the potential of saving 

time by performing some specific tasks simultaneously (only the time of the longest task in a 

simultaneous pair is considered). Interruptions arise at random times during the shift with 

stochastic durations.  

For our study, we have considered three interruption handling actions, they are Engage, 

Postpone, and Block/ Re-sequence. We have considered a scenario with five tasks shown in 

Figure 1 to illustrate the expected impact of these interruption handling actions on task 

completion times, based on interruption psychology implications associated with interruption 

and resumption lags.  

In Figure 2, (a) shows an unpredictable task or interruption arises during the performance 

of task 3. (b) Shows the provider decided to engage the interruption, so the provider will stop the 
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primary task and attend the interruption and again resume the interrupted task 3. In this case we 

can notice interruption lag (time taken to stop primary task and place the equipment in safe 

position and to attend the interruption) and resumption lag (time taken to re-setup the equipment 

and continue the interrupted primary task. We have considered 10% of remaining processing 

time of the interrupted task as the resumption lag value).  (c) Shows the provider decided to 

postpone the interruption until the end of task 3. (d) Shows the provider decided to block the 

interruption arise during task 3 and re-sequences it considering other tasks initially sequenced 

after the interrupted task. The figure shows that, as expected, the tasks’ completion time (i.e., 

make span) is increased because of interruptions during the round. 

 

Figure 2. Interruption Handling Actions 

3.2 Inpatient Care Work Simulation Model Development 

 To gain insights into the problem and to evaluate the impact of different sequencing 

approaches and interruption handling strategies, we used Monte Carlo simulation techniques 

developed in Visual Basic for Applications (VBA) through Microsoft Excel. The main interface 

of the application is shown in Figure 3 and different scenario selection shown in Figure 4. 
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The inputs to the VBA simulator are inpatient care tasks and its details such as expected 

task duration time, task release time, task due time and initially assigned round. These inputs are 

imported from an excel sheet (Figure 5). The model generates the resulting task sequence for the 

shift with respect to a selected (fixed) dispatching rule for task prioritization as well as to a 

selected (fixed) interruption handling action for addressing the random interruptions in the 

decision box shown in Figure 6. 

 

Figure 3. Inpatient Care Task Sequencing Model 

 The simulation can be repeated for number of times specified by the user in the decision 

box (number of replications). It records all outcome variables of the simulated shift, including 

total shift completion time, shift tardiness, distance walked per shift, number of tasks completed, 

total interruption lag time, total resumption lag time, interruption handling action and dispatching 

rule selected as shown in Figure 7. The model also records round outcomes such as total round 

completion time, total round tardiness, number of tasks completed in the round, distance walked 
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during the round, resumption lag, and interruption lag times. Resumption lag time for the task is 

assumed as 10 % of remaining processing time of the interrupted task. The results of each 

simulation and replication can be exported to a spreadsheet format for further analysis.  

 

Figure 4. Inpatient Care Scenario Select 

 

Figure 5. Inpatient Care Tasks to Sequence 
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Figure 6. Task Sequencing Decision Box 

 

Figure 7. Shift Results 
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3.3 Task Sequencing Pseudocode 

 Pseudocode for the inpatient task sequencing model discussed is illustrated below: 

FOR loop to iterate for Rounds 1 to 12 

 FOR loop to check all tasks from 1 to Number of Tasks in Each Round  

Check for interruption handling Strategy (Engage, Postpone, Block / Re-Sequence) 

Check for Dispatching Rule Type (xx, xx, xx)                                                                                                                      

Calculate the Priority Index Value of each in the round with respect to the 

Dispatching Rule at   Current Time  

IF Dispatching Rule = Minimum Slack (MS) 

 Slack = Task Due Time – Task Processing Time – Current Time 

Else IF Dispatching Rule = Critical Ratio (CR) 

 CR = (Task Due Time – Current Time) / Task Processing Time  

Else IF Dispatching Rule = Shortest Processing Time (SPT) 

Priority Index = Ascending order of the Task Processing Time  

Else IF Dispatching Rule = Earliest Due Time (EDT) 

Priority Index = Ascending order of the Task Due Time 

End IF 

IF there are repeated Min Priority Index Values THEN 

Select the task with minimum distance from the current task 
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End IF 

Select the task with minimum value of the priority index and assign to the current 

sequence position 

Output: Task Position 

Task assigned to position 

Task start Time = Current Time                

Task Completion Time = Current Time + Task duration 

Task Tardiness = Task Completion Time – Task Due Time 

Distance Walked = Distance between current task and previous task 

Update Current Time = Task completion Time  

Increment sequence position to Next position   

Repeat the same steps FOR all task in the round are sequenced  

End For loop 

Update Round Completion Time = Completion Time of last Task in the sequence 

Increment Round to Next round 

Round Start Time = Max of Previous Round completion Time and Regular Round Start   

Time 

Current Time = Round start Time at Beginning of each round 

Repeat the above steps for all rounds in the shift  
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End For loop 

Output: Round Sequence 

Total Shift completion Time  

Total shift Tardiness 

Total Distance Walked in the Shift 

Total Number of tasks in the Shift 

Total shift Interruption Lag Time 

Total Shift Resumption Lag Time 

Action: “Engage” 

While executing Primary Task in the Round selected through Dispatching Rules, 

IF Interruption arises Then 

IF Interruption Handling Strategy is “Engage”      

 Then    Stop the Primary task and engage in the Interruption 

 Interruption Start Time = Interruption Arrival Time + Interruption Lag Time 

 Interruption End Time = Interruption Start Time + Interruption Duration 

End If 

End If 

After the interruption is Ended: Resume the Interrupted Task                                            

Resumption Lag Time = 10 % of the Interrupted Task Remaining Processing Time  
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Interrupted Task Start Time = Resumption Lag Time + Interruption End Time 

Task Completion Time = Interrupted Task Start Time + Remaining Processing Time of 

Interrupted Task 

Update the Task Completion Time as Current Time  

Select possible task to next position in the sequence  

After Selecting Next Task and Processing:   

If Interruption arises AND Interruption Handling Strategy = “Engage”      

Then Repeat the same process. 

Action: “Postpone” 

While executing Primary Task in the Round selected through Dispatching Rules, 

IF Interruption arises Then 

IF Interruption Handling Strategy is “Postpone”      

       Then    Complete the Primary task and then attend the Interruption 

                         Interruption Start Time = Primary Task completion Time 

                         Interruption End Time = Interruption Start Time + Interruption Duration 

End If 

End If 

After the interruption is Ended: Select next possible task to next position in the sequence  

After Selecting Next Task and Processing:   
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If Interruption arises AND Interruption Handling Strategy = “Postpone”      

Then Repeat the same process. 

Action: “Block / Re -Sequencing” 

While executing Primary Task in the Round selected through Dispatching Rules, 

IF Interruption arises Then 

IF Interruption Handling Strategy is “Block / Re -Sequencing”      

     Then    Complete the Primary task and do not attend the Interruption 

                  Add the Interruption to the Tasks to Do List in the Round  

                  Execute the Interruption based on the Calculated Priority Index (w.r.t 

Dispatching Rule) 

                 Interruption Lag Time = Interruption Start Time - Interruption Arrival Time  

     Interruption Start Time = Time When Interruption is sequenced  

                 Interruption End Time = Interruption Start Time + Interruption Duration 

End If 

End If 

Select the Next Possible task including the Interruption (which is added in the list) to the    

next position in the sequence.          
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If Interruption arises AND Interruption Handling Strategy = “Block / Re -Sequencing”      

Then Repeat the same process. 

End of code 
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CHAPTER 4 

EVALUATION OF FIXED DISPATCHING RULES FOR INPATIENT CARE TASK 

SEQUENCING UNDER FIXED INTERRUPTION HANDLING STRATEGIES 

The aim of the analysis is to (1) quantify the effect of interruptions and interruption 

handling strategies on the overall performance of the work system, (2) identify the best 

performing dispatching rules for each interruption handling strategy, (3) identify the best 

interruption handling strategy per fixed dispatching rule, and (4) study the performance of the 

different dispatching rule/interruption handling combinations based on easily discernable 

workday characteristics. Key work system features that will be used in characterizing the 

workday include: the number of patients assigned, the characteristics of such patients (i.e., 

required frequency of vitals measurement, level of independence, need for incision care). 

Performance will be measured in terms of quality and workload. Quality will be measured in 

terms of tardiness of tasks. Workload will be measured in terms of the amount of walking as well 

as in terms of shift completion time. At this stage, we simulated 30 replications of each 

dispatching rule / interruption handling strategy combination for each single scenario. Four 

dispatching rules and three interruption handling strategies are considered in this study.  

The dispatching rules considered in this analysis include: 

1.  Critical Ratio (CR) (dynamic). The task with highest critical ratio (timeline until the due date 

divided by the total processing time) is selected as next task from the queue (Silva 2012). 

2.  Minimum Slack (MS) (dynamic). The task with minimum slack time (current time and 

processing time deducted from due time) is selected as next task from the queue (Horng-Chyi, 

2006). 
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3.  Shortest Processing Time (SPT) (static). This rule selects tasks with minimum individual 

processing time as next task from the queue (Silva 2012).  

4.  Earliest Due Date (EDD) (static). This rule selects tasks with earliest due time from the queue 

as the next task (Horng-Chyi, 2006). 

We have selected dispatching rules which have the potential to be understood by an 

inpatient care provider and also which are dependent on task processing time and task due time. 

These selected rules are also consistent with the objective of minimizing total tardiness of the 

shift. In what remains of this chapter, we use the term strategy to refer to a combination of a 

dispatching rule and an interruption handling action.  

4.1 Results 

 The simulation analysis was initially done for randomly generated scenarios with task 

lists determined by a specific set of patients. The purpose of this analysis is to evaluate the 

performance of the different possible strategies for work execution. The scenarios and its 

characteristics are listed in the Table 4. 

TABLE 4 

SCENARIO CHARACTERISTICS 

Scenario 

Number 

of 

Patient  

Vitals  NPO? ACHS? 

Non-

Independent 

patients 

Bedrest 

Patients 

Incision 

Care?  

Number of 

Predictable 

Tasks 

1 7 3 3 1 0 2 0 168 

2 6 3 6 6 6 6 1 151 

3 7 0 0 7 0 0 4 136 

4 7 4 7 7 0 0 5 173 

5 8 0 0 8 0 0 4 154 

6 8 1 8 8 0 0 3 187 
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TABLE 4 (continued) 

Scenario 

Number 

of 

Patient  

Vitals  NPO? ACHS? 

Non-

Independent 

patients 

Bedrest 

Patients 

Incision 

Care?  

Number of 

Predictable 

Tasks 

7 9 6 0 9 0 0 6 186 

8 9 2 9 9 0 0 6 214 

9 10 6 0 10 0 0 6 204 

10 10 2 10 10 0 0 2 232 

 

 In the randomly generated scenarios, scenario-10 has the highest number of predictable 

tasks where two patients require vitals every 4 hours, all ten patients have nil per oral (NPO) 

orders and AC/HS blood glucose check (ACHS) orders, and two require incision care. The 

average extra shift time, average tardiness and average distance walked are measured for all 

scenarios are shown in Tables 5, 6 and 7 respectively.  

TABLE 5 

AVERAGE EXTRA SHIFT TIME (minutes) 

Strategy Critical Ratio EDD Min Slack SEPT 

Scenario-01 

Ideal 8.8 11.1 15.0 15.2 

Engage 11.1 30.2 48.5 12.6 

Postpone 9.9 13.6 20.5 9.8 

Block Re-sequence 12.4 33.0 34.2 11.3 

Scenario-02 

Ideal 2.9 4.8 5.9 3.6 

Engage 31.2 22.6 34.5 13.2 

Postpone 18.7 18.6 15.3 -7.6 

Block Re-sequence 9.9 3.9 -5.9 12.2 
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TABLE 5 (continued) 

Strategy Critical Ratio EDD Min Slack SEPT 

Scenario-03 

Ideal -8.6 -13.6 -15.7 -14.9 

Engage -13.0 -11.1 -13.9 -10.2 

Postpone -9.4 -10.2 -7.2 -10.6 

Block Re-sequence -9.2 -4.3 -7.9 -13.7 

Scenario-04 

Ideal -15.8 -8.0 -12.8 -10.9 

Engage -7.4 -5.7 -9.7 -12.0 

Postpone -13.0 -13.8 -12.4 -9.8 

Block Re-sequence -9.2 -14.1 -5.9 -3.2 

Scenario-05 

Ideal -4.7 -11.1 -7.7 -7.0 

Engage -10.8 -4.7 -3.5 -7.1 

Postpone -5.3 -5.6 -5.9 -0.5 

Block Re-sequence -7.1 -6.4 -8.4 -8.2 

Scenario-06 

Ideal -9.0 -4.7 -7.0 -3.5 

Engage -2.0 0.6 2.4 -2.5 

Postpone -5.8 -4.3 -4.4 -5.9 

Block Re-sequence 5.5 8.6 5.7 -5.9 

Scenario-07 

Ideal -0.5 1.0 -0.6 3.8 

Engage -0.2 3.3 -5.3 2.6 

Postpone 2.3 0.0 3.1 3.3 

Block Re-sequence 14.1 6.2 5.4 9.4 

Scenario-08 

Ideal -2.1 4.2 -3.4 4.2 

Engage -2.4 3.9 7.7 -4.6 

Postpone -1.7 3.8 0.0 4.5 

Block Re-sequence 8.4 7.9 2.2 3.6 

 

 

 

 



32 

 

TABLE 5 (continued) 

Strategy Critical Ratio EDD Min Slack SEPT 

Scenario-09 

Ideal -5.0 -5.8 -3.4 -2.2 

Engage -1.8 2.6 -2.9 2.1 

Postpone -3.3 -1.7 -6.9 -6.8 

Block Re-sequence 2.4 6.4 -0.8 2.3 

Scenario-10 

Ideal 3.9 8.8 5.7 13.1 

Engage 9.2 15.6 8.3 7.6 

Postpone 4.4 3.9 7.2 5.6 

Block Re-sequence 9.5 11.5 7.0 8.4 

 

TABLE 6 

AVERAGE TARDINESS (minutes) 

Strategy Critical Ratio EDD Min Slack SEPT 

Scenario-01 

Ideal 992.16 1025.31 1130.66 867.71 

Engage 1593.61 1866.02 2982.86 611.95 

Postpone 1475.21 754.37 1287.71 816.52 

Block Re-sequence 3020.99 2553.71 2574.82 2437.44 

Scenario-02 

Ideal 5057.64 5209.89 6158.00 5183.89 

Engage 7913.18 6580.81 7577.04 5742.73 

Postpone 5592.70 5987.08 6801.54 4197.23 

Block Re-sequence 6916.19 5683.44 5849.14 6646.73 

Scenario-03 

Ideal 1764.55 2020.67 1803.26 1678.69 

Engage 1910.18 2029.52 1890.87 1739.17 

Postpone 1803.40 1801.95 1773.59 1747.58 

Block Re-sequence 3346.39 3094.89 2989.70 3293.70 
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TABLE 6 (continued) 

Strategy Critical Ratio EDD Min Slack SEPT 

Scenario-04 

Ideal 2638.10 2039.69 2238.91 2118.09 

Engage 2283.20 2595.78 3279.36 2003.24 

Postpone 2157.78 2631.31 2724.30 2326.32 

Block Re-sequence 4538.68 3592.89 3129.43 3607.79 

Scenario-05 

Ideal 2046.77 2015.91 2207.31 1847.41 

Engage 2547.84 2279.42 2293.12 2057.49 

Postpone 2065.03 2155.07 2239.90 2019.96 

Block Re-sequence 4045.32 3133.38 3588.82 3869.36 

Scenario-06 

Ideal 2047.88 1638.74 1883.01 1688.84 

Engage 2400.86 2128.86 2126.16 1913.39 

Postpone 2465.85 1820.82 2010.60 1779.97 

Block Re-sequence 4927.66 3046.93 3004.37 3966.91 

Scenario-07 

Ideal 2782.96 3014.06 3400.20 2626.09 

Engage 3452.96 3045.03 3357.26 2644.97 

Postpone 2785.27 3687.65 3695.79 2811.87 

Block Re-sequence 5366.65 4590.28 4184.77 4645.59 

Scenario-08 

Ideal 3465.52 2928.59 3062.79 2601.01 

Engage 3726.44 3575.71 4965.33 2854.04 

Postpone 3422.74 3231.24 3693.15 2935.16 

Block Re-sequence 6273.00 4656.03 4736.22 5807.90 

Scenario-09 

Ideal 3368.69 3008.37 3664.04 3051.78 

Engage 3712.00 3958.20 3906.18 3787.80 

Postpone 3872.19 3324.10 3536.84 3219.69 

Block Re-sequence 6750.16 4344.44 4289.13 5291.11 

Scenario-10 

Ideal 2132.02 2191.49 2376.58 2115.15 

Engage 2496.59 4385.40 2742.42 2298.96 

Postpone 2444.02 3452.08 2716.48 2328.37 

Block Re-sequence 5135.34 3850.36 4053.45 5081.80 
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TABLE 7 

AVERAGE DISTANCE WALKED (miles) 

Strategy Critical Ratio EDD Min Slack SEPT 

Scenario-01 

Ideal 0.43 0.36 0.41 0.42 

Engage 0.48 0.42 0.47 0.47 

Postpone 0.47 0.40 0.45 0.45 

Block Re-sequence 0.47 0.41 0.47 0.46 

Scenario-02 

Ideal 0.40 0.34 0.39 0.41 

Engage 0.45 0.39 0.44 0.45 

Postpone 0.44 0.38 0.42 0.44 

Block Re-sequence 0.44 0.39 0.43 0.45 

Scenario-03 

Ideal 0.33 0.31 0.32 0.32 

Engage 0.37 0.35 0.37 0.36 

Postpone 0.36 0.34 0.36 0.35 

Block Re-sequence 0.37 0.35 0.39 0.37 

Scenario-04 

Ideal 0.42 0.38 0.41 0.42 

Engage 0.47 0.43 0.46 0.47 

Postpone 0.45 0.42 0.44 0.45 

Block Re-sequence 0.47 0.42 0.46 0.47 

Scenario-05 

Ideal 0.44 0.42 0.43 0.44 

Engage 0.49 0.47 0.49 0.50 

Postpone 0.49 0.46 0.48 0.48 

Block Re-sequence 0.49 0.47 0.49 0.49 

Scenario-06 

Ideal 0.52 0.44 0.52 0.53 

Engage 0.58 0.50 0.58 0.59 

Postpone 0.57 0.49 0.57 0.57 

Block Re-sequence 0.57 0.51 0.60 0.59 
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TABLE 7 (continued) 

Strategy Critical Ratio EDD Min Slack SEPT 

Scenario-07 

Ideal 0.51 0.44 0.52 0.53 

Engage 0.58 0.51 0.58 0.59 

Postpone 0.57 0.49 0.56 0.58 

Block Re-sequence 0.57 0.50 0.59 0.59 

Scenario-08 

Ideal 0.57 0.50 0.57 0.60 

Engage 0.63 0.57 0.64 0.67 

Postpone 0.63 0.55 0.62 0.65 

Block Re-sequence 0.64 0.56 0.63 0.67 

Scenario-09 

Ideal 0.69 0.57 0.68 0.66 

Engage 0.78 0.65 0.75 0.74 

Postpone 0.75 0.62 0.73 0.72 

Block Re-sequence 0.76 0.65 0.77 0.74 

Scenario-10 

Ideal 0.68 0.56 0.64 0.70 

Engage 0.76 0.64 0.72 0.78 

Postpone 0.75 0.62 0.70 0.76 

Block Re-sequence 0.77 0.64 0.74 0.78 

 

 

The best performing strategy with respect to total completion time, and consequently 

overtime, was given by the combination of the SEPT dispatching rule and the postpone 

interruption handling action. The majority of the time, the strategy SEPT and postpone led to 

lower completion times. For the ideal case with no interruptions, the critical ratio (CR) rule 

performed well with low completion times. The SEPT rule performed well with the engage and 

postpone actions. The minimum slack (MS) rule performed well in combination with block re-

sequencing interruption handling action.  Most of the time, the postpone interruption handling 



36 

 

action performed in terms of shift completion time, whereas the block/re-sequence interruption 

handling action led to larger shift times when compared to the other strategies. 

The best performing strategy with respect to distance walked during the shift by the care 

provider was given by the EDD rule and the postpone interruption handling action. In general, 

the EDD rule performed well with all actions except block/re-sequence. Most of the time, the 

MS rule performed well with the block/re-sequence action.  

When focusing on quality i.e., the tardiness of the shift, the best strategy is the SEPT rule 

and the postpone interruption handling action. In this context, SEPT performed satisfactorily 

with the engage action, but most of the time postpone action is resulted in lower overall tardiness 

(studied with respect to average total tardiness of the scenario). The summary of the best 

performing strategies with respect to scenarios is shown in Table 8. 
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TABLE 8 

SCENARIO RESULTS SUMMARY 

 Completion Time (min) Distance Walked (miles) Tardiness (mins) 

Scenario Strategy Dispatching Rule Strategy Dispatching Rule Strategy 
Dispatching 

Rule 

1 Postpone SEPT Postpone EDD Engage SEPT 

2 Postpone SEPT Postpone EDD Postpone SEPT 

3 Engage Min Slack Postpone EDD Engage SEPT 

4 
Block Re-

Sequence 
EDD Postpone EDD Engage SEPT 

5 Engage Critical Ratio Postpone  EDD Postpone  SEPT 

6 Postpone SEPT Postpone EDD Postpone SEPT 

7 Engage  Min Slack Postpone EDD Engage SEPT 

8 Engage  SEPT Postpone EDD Engage SEPT 

9 Postpone Min Slack Postpone EDD Postpone SEPT 

10 Postpone EDD Postpone EDD Engage EDD 

 

Based on these simulation results (considering completion time as the variable to 

estimate) and shift characteristics we have some observations on the most appropriate 

interruption handling strategy.  

i. If the amount of shift work related to AC/HS blood glucose check (ACHS) orders 

is less than 40% of the total shift work then it is recommended to postpone the 

interruptions arising, on the other hand if the amount of work associated is greater 

than 40% of the shift work then it is recommended to engage the interruptions 

arising (shown in Table 9).  
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TABLE 9 

AC/HS CHECKS WORK LOAD 

Scenario 

Number 

of 

Patients 

% of AC/HS 

check Work in 

The Shift 

Number of 

Predictable 

Tasks 

Best Performing 

Strategy 

Best Performing 

Rule 

3 7 63.6% 136 Engage Min Slack 

5 8 66.7% 154 Engage Critical Ratio 

8 9 34.6% 214 Engage  SEPT 

7 9 42.9% 186 Engage  Min Slack 

1 7 11.1% 168 Postpone SEPT 

2 6 21.4% 151 Postpone SEPT 

4 7 30.4% 173 Postpone EDD 

6 8 40.0% 187 Postpone SEPT 

10 10 41.7% 232 Postpone EDD 

9 10 45.5% 204 Postpone Min Slack 

 

ii. If the amount of shift work related to incision care is less than 25% of the total 

shift work then it is recommended to postpone the interruptions arising, on the 

other hand if it is greater than 25% of the total shift work then it is recommended 

to engage the interruptions arising (shown in Table 10).  

iii. If the amount of shift work related to nil per oral (NPO) care is less than 30% of 

the total shift work then it is recommended to engage the interruptions arising, on 

the other hand if it is greater than 30% of the total shift work then it is 

recommended to postpone the interruptions arising (shown in Table 11). 

If some of these observations happen at the same time, then consider the rule related to 

the characteristic that has the higher contribution of workload of the shift. 
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TABLE 10 

INCISION CARE WORK LOAD 

Scenario 

Number 

of 

Patients 

% of Incision 

Care Work in 

The Shift  

Number of 

Predictable 

Tasks 

Best Performing 

Strategy 

Best Performing 

Rule 

3 7 36.4% 136 Engage Min Slack 

5 8 33.3% 154 Engage Critical Ratio 

7 9 28.6% 186 Engage  Min Slack 

8 9 23.1% 214 Engage  SEPT 

1 7 0.0% 168 Postpone SEPT 

2 6 3.6% 151 Postpone SEPT 

4 7 21.7% 173 Postpone EDD 

6 8 15.0% 187 Postpone SEPT 

9 10 27.3% 204 Postpone Min Slack 

10 10 8.3% 232 Postpone EDD 

 

TABLE 11 

NPO CARE WORK LOAD 

Scenario 

Number 

of 

Patients 

% of NPO Care 

Work in The Shift  

Number of 

Predictable 

Tasks 

Best Performing 

Strategy 

Best Performing 

Rule 

3 7 0.0% 136 Engage Min Slack 

5 8 0.0% 154 Engage Critical Ratio 

7 9 0.0% 186 Engage  Min Slack 

8 9 34.6% 214 Engage  SEPT 

1 7 33.3% 168 Postpone SEPT 

2 6 21.4% 151 Postpone SEPT 

4 7 30.4% 173 Postpone EDD 

6 8 40.0% 187 Postpone SEPT 

9 10 0.0% 204 Postpone Min Slack 

10 10 41.7% 232 Postpone EDD 

 

We are aware that, in practice, a healthcare provider cannot just address all the 

interruptions immediately, postpone all the interruptions, or block all the interruptions during 

their shift. Based on the simulation results, engaging all the interruptions may delay the 
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interrupted task and lead to extra shift time resulting in the need for some task compression and 

thus increase stress levels and burnout. Nevertheless, postponing all the interruptions may lead to 

miss emergency needs requested by patients. Similarly, blocking all the interruptions will also 

lead to serious issues involving necessary emergency needs such as informing patient responses 

feedback to physician. This shows that following a fixed interruption handling strategy, despite 

being cognitively desirable, is not necessarily optimal from all perspectives, or even reasonable. 

So, we hypothesize that there is a need to adapt work-sequencing strategies to the state of the 

system at the time of the decision.  

4.2 Conclusion 

The prime objective of this chapter was to identify the best performing task-sequencing 

strategy based on total completion time, total tardiness, and distance walked. Tables 12 and 13 

summarize which dispatching rules perform best with respect to each interruption handling 

action and vice versa, respectively. The key findings of this chapter include the best combination 

of dispatching rule/interruption handling action (shown in Table 14) to select for a patient 

assignment with specific characteristics. SEPT performed well in combination with respect to 

tardiness. EDD rule performed well in combination with postpone with respect to distance 

walked. SEPT and EDD performed well with both the postpone and engage actions when 

analyzing for total completion time.  
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TABLE 12 

BEST PERFORMING DISPATCHING RULE FOR EACH ACTION 

Action Critical Ratio EDD Minimum Slack SEPT 

Ideal ✓  ✓  

Engage  
 ✓ ✓ 

Postpone  
✓  

✓ 

Block Re-sequence  
 ✓ ✓ 

 

With respect to: ✓ - Total Completion Time / - Distance Walked /  - Total Tardiness 

TABLE 13 

BEST PERFORMING ACTION FOR EACH DISPATCHING RULE  

 Dispatching Rule Engage Postpone Block Re-Sequence 

Critical Ratio ✓ ✓


EDD 
✓ ✓

Minimum Slack 
✓ ✓

SEPT  ✓


 

With respect to: ✓ - Total Completion Time / - Distance Walked /  - Total Tardiness 

The relationship between shift characteristics and interruption handling strategies was 

also analyzed. In particular, our analysis focused on AC/HS checks, nil per oral care, and 
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incision care because a major amount of shift work was mostly associated with these 

characteristics (shown in Table 15). When using the proposed fixed strategies conditional on 

shift characteristics, we expect an average reduction in tardiness of about 25 %, a negligible 

improvement in completion time (i.e. around 1%), and an average reduction in distance walked 

of 28 %. In general SEPT reduces the average flow time and EDD reduces the maximum 

tardiness in the round.  

TABLE 14 

BEST DISPATCHING RULE AND INTERRUPTION HANDLING ACTION 

Task Sequencing Criteria Best Dispatching Rule Best Handling Action 

Tardiness SEPT Postpone 

Distance walked EDD Postpone 

Completion Time SEPT/EDD Postpone / Engage  

 

TABLE 15 

CHARACTERISTICS AND BEST INTERRUPTION HANDLING ACTION 

Workday 

Characteristic 

% of Related Care Work in 

Workday 

Best Performing 

Action  

ACHS Checks < 40 % Postpone 

ACHS Checks > 40 % Engage 

Incision Care < 25 % Postpone 

Incision Care > 25 % Engage 

NPO Care < 30 % Engage 

NPO Care > 30 % Postpone 
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CHAPTER 5 

DESIGN OF PRACTICAL, CONTEXT-DEPENDENT INTERRUPTION HANDLING 

ACTION STRATEGY AND DISPATCHING RULE 

 

This stage of the research will study if dynamic, state-based interruption-handling 

strategies could potentially improve the operational outcomes of different shifts. In what follows 

we describe several suggested interruption-handling strategies as well as our approach to 

evaluate their performance as compared to fixed and random strategies. At this stage of the 

research, we consider only the EDD rule, since it is the most intuitive and commonly 

(informally) used among actual healthcare providers. The focus will then be in the interruption 

handling actions.  

The system state variables considered to study actions include: number of tasks 

remaining in the round, current round number, and progress of the primary (interrupted tasks) 

task (time elapsed since start).  

5.1 Interruption handling strategies 

• Fixed: This analysis will consider the EDD dispatching rule and the recommended 

interruption handling action based on shift characteristics outlined in chapter 4, Tables 14 

and 15. 

• Dynamic, random: This analysis will be performed by simulating random combinations 

of interruption handling actions and dispatching rules during job execution as opposed to 

using fixed dispatching rules in task sequencing approaches. 
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• Dynamic, state-dependent:  This proposed interruption handling strategies depend on 

system state variables i.e. the state of the system at the decision time is taken into 

consideration in choosing the action to handle an interruption that arises. The proposed 

rules related to system state are as follows:  

i. Based on primary task progress – if the progress of the primary task is almost 

towards completion (i.e. 80 % of progress) then we will postpone the interruption. 

On the other hand, if the primary task has just started or the progress is less than 

halfway through, then we will engage in the interruption. If the progress of 

primary task is just halfway through, then we will block the interruption occurred, 

continue with the primary task, and re-sequence it with the remaining tasks in the 

round. If the interruption occurs at the beginning of the primary task, then makes 

it easier to engage the interruption than at other times during the performance of 

the task. This is because at the beginning of the primary task the worker will setup 

the required equipment for the task and if interrupted while setting up the required 

equipment then the worker can address the interruption and resume the primary 

task again. If the provider gets completely involved in the care after setting the 

required equipment, sometimes it is not recommended interrupting because there 

may be critical tasks and interrupting is not good for patient safety.  

ii. Based on the expected duration of the interruption –  short (duration less than five 

minutes) interruptions are engaged; the care provider resumes the primary task 

when the interruption is completed. If the interruption has an intermediate 

duration (between 5 and 15 minutes) then it can be postponed and attended 

immediately after the primary task. If the expected duration is long (duration 
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greater than fifteen minutes) then we will block the interruption and re-sequence it 

with the remaining tasks. The numerical values used in this rule are based on the 

interruption data generated, more than 50% of chance the interruption expected 

duration will be less than five minutes and around 35% of chance that 

interruptions expected duration will less than fifteen minutes and around 15% 

chance that interruptions expected duration will be greater than fifteen minutes 

during the shift.  

iii. Based on round number – The interruptions occurring during the morning and 

afternoon rounds can either be postponed or engaged because there would still be 

time available to complete the delayed, predictable tasks.  Interruptions occurring 

during the evening rounds (i.e. the rounds during the end of shift, rounds 10-12), 

are blocked and re-sequenced so that the provider maintains focus on the planned 

tasks and then addresses the interruptions as possible. We anticipate that this 

strategy will help in not delaying the planned tasks in the last rounds, and in 

avoiding the added time associated with interruption/resumption lags to reduce 

the amount of overtime.  

iv. Based on the number of remaining tasks in the round – if the number of tasks 

remaining in the round is more than half of the planned tasks, then priority should 

be given to the primary task and the interruption should be blocked. As there are 

still more tasks to perform in the shift. If there is a lower number of remaining 

tasks, we can engage the interruption, as the planned tasks are almost done. In the 

proposed strategy, we have considered the following. If the number of tasks 

remaining in the round is greater than 15 then we will block and re-sequence the 
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interruption occurred, and if the number of tasks remaining in the round is less 

than 5 then we will engage the interruption occurred, and if the number of tasks 

remaining is in the round are between 5 and 15 then we will postpone the 

interruption till the end of primary task and then address the interruption. The 

numerical values used in this rule are taken based on average number of tasks in 

the round. 

v. Based on the expected duration of primary task and expected duration of 

interruption occurred during the primary task. The interruption occurred is 

postponed, if the expected duration of interruption is greater than the duration of 

the ongoing primary task. If the expected duration of interruption is less than the 

duration of the ongoing primary task then the interruption is engaged. If the 

expected duration of interruption occurred is more than ten minutes then the 

interruption is blocked and re-sequenced with the remaining tasks in the round.  

These rules can be potentially implemented by the worker in real time during the 

performance of work in inpatient care i.e. for task sequencing and making decisions interruption 

handling strategy. These rules do not require complex mathematical skills or computer, they 

involve simple math and are based on the presumably available information. 

5.2 Experimental Design 

 Using the pilot data and the total completion times as the outcome variable, we calculated 

the sample size required for a 95% confidence and 5% margin of error (Charan & Biswas,2013). 

The estimated sample sizes with respect to dispatching rule and interruption handling strategies 

are tabulated in Table 16. In studying state-dependent strategies, we will make sure that sample 
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sizes (number of replications) per scenario ensure this minimum sample size estimates per 

possible combination.  

TABLE 16 

SAMPLE SIZE ESTIMATES 

Strategy 
Critical 

Ratio 
EDD 

Min 

Slack 
SEPT 

Ideal 5 3 5 8 

Engage 3 7 13 8 

Postpone 6 4 17 4 

 

During the analysis the values of total shift tardiness, extra shift time, and total distance 

walked by the provider during the shift of each combination are considered for finding the    

optimal mix of interruption handling strategies.  

We will evaluate the same scenarios considered in chapter 4, described in section 4.1, 

Table 4. For each scenario, the recommended fixed dispatching rule (earliest due date rule) and 

interruption handling action is shown in Table 17 below: 

TABLE 17 

RECOMMENEDED FIXED INTERRUPTION HANDLING ACTION PER SCENARIO 

Scenario 
No. of 

Patients 

No. of 

Predictable 

Tasks 

Vitals 

checks 

NPO 

Care 

ACHS 

care 

Non-

Independent 

patients 

Bedrest 

Patients 

Incision 

Care 
Action 

1 7 168 33% 33% 11% 0% 22% 0% Postpone 

2 6 151 11% 21% 21% 21% 21% 4% Postpone 

3 7 136 0% 0% 64% 0% 0% 36% Engage 

4 7 173 17% 30% 30% 0% 0% 22% Postpone 

5 8 154 0% 0% 67% 0% 0% 33% Engage 

6 8 187 5% 40% 40% 0% 0% 15% Postpone 

7 9 186 29% 0% 43% 0% 0% 29% Engage 
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TABLE 17 (continued) 

Scenario 
No. of 

Patients 

No. of 

Predictable 

Tasks 

Vitals 

checks 

NPO 

Care 

ACHS 

care 

Non-

Independent 

patients 

Bedrest 

Patients 

Incision 

Care 
Action 

8 9 214 8% 35% 35% 0% 0% 23% Engage 

9 10 204 27% 0% 45% 0% 0% 27% Postpone 

10 10 232 8% 42% 42% 0% 0% 8% Postpone 

 

5.3 Results  

In this section, we compared the values of total tardiness, shift completion time and total 

distance to identify the better interruption handling action strategy among the fixed, random, and 

dynamic strategies described. The sample size calculated with respect to total completion time is 

considered instead of sample size with respect to total tardiness of the shift. The sample size 

calculation based on total tardiness with 95% confidence is very high.  Firstly, the analysis with 

respect to total shift completion time is shown in the Table 18 and the interval estimate combined 

with 95% confidence of total completion time for all scenarios are shown in Table 19.  

The results show that fixed interruption handling action selection performed consistently 

better than state dependent actions or dynamic random actions. For this fixed interruption 

handling action, we have used the recommendations made with respect to shift characteristics 

This can be observed the in Table 18. Most of the time, one of the strategies with respect to state 

dependent interruption handling action selection worked well for the scenarios but they are not 

consistent. It is recommended that interruption handling action selection should be shift 

characteristics dependent rather than a complete random or system state dependent. The state 

variable strategy based on primary task expected completion time and interruption expected 
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duration performed same way with all scenarios. The average total completion time interval 

estimates for all scenarios are graphically shown in Figure 8. 

TABLE 18 

AVERAGE TOTAL COMPLETION TIME 

Scenario 
Dynamic 

Random 
Fixed (EDD) 

Based on 

Primary Task 

Progress 

Based on 

Interruption 

Expected 

Time 

Based on 

Tasks 

Remaining 

Based on 

Round 

Number 

Primary 
Task + 

Interruption 

Scenario-01 738.57 735.57 733.40 743.35 738.18 727.53 753.88 

Scenario-02 734.88 738.61 761.86 743.90 753.38 715.41 712.59 

Scenario-03 708.93 709.81 703.26 710.30 711.11 709.51 708.51 

Scenario-04 710.53 706.24 706.95 704.00 704.90 717.91 709.04 

Scenario-05 715.71 715.34 715.02 710.23 713.63 716.75 714.32 

Scenario-06 721.65 715.71 717.20 712.34 718.64 729.63 714.40 

Scenario-07 719.35 723.28 721.05 724.72 722.93 722.42 727.37 

Scenario-08 723.05 723.91 718.28 725.61 718.27 731.18 724.55 

Scenario-09 716.93 718.30 719.41 720.16 722.55 724.77 723.41 

Scenario-10 724.54 723.92 722.39 728.38 713.15 728.61 724.86 

 

 

TABLE 19 

HALF WIDTH OF THE CONFIDENCE INTERVAL OF TOTAL COMPLETION TIME 

scenario 
Dynamic 

Random 

Fixed 

(EDD) 

Based on 

Primary 

Task 

Progress 

Based on 

Interruption 

Expected 

Time 

Based on 

Tasks 

Remaining 

Based on 

Round 

Number 

Primary 
Task + 

Interruption 

scenario-1 12.44 15.592 13.123 19.626 23.589 10.918 24.789 

scenario-2 18.75 24.056 41.264 21.626 30.953 11.681 11.916 

scenario-3 5.71 5.742 5.829 6.762 6.888 6.527 6.081 

scenario-4 4.87 4.371 6.301 5.799 5.963 9.225 6.588 

scenario-5 6.00 7.282 6.337 5.551 7.254 8.711 6.696 

scenario-6 5.96 6.021 5.763 6.050 5.417 13.486 5.576 

 



50 

 

TABLE 19 (continued) 

scenario 
Dynamic 

Random 

Fixed 

(EDD) 

Based on 

Primary 

Task 

Progress 

Based on 

Interruption 

Expected 

Time 

Based on 

Tasks 

Remaining 

Based on 

Round 

Number 

Primary 
Task + 

Interruption 

scenario-7 5.95 6.164 5.433 6.388 8.367 6.938 6.916 

scenario-8 8.25 5.744 8.695 9.812 6.678 9.658 6.453 

scenario-9 6.46 5.337 6.786 7.384 9.024 9.721 6.397 

scenario-10 6.13 7.733 6.744 8.592 5.206 9.802 6.821 
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Figure 8. Confidence Interval for Average Total Completion Time 
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Secondly, the analysis with respect to average total shift tardiness shows that it is 

recommended to use the fixed interruption handling strategy rather than random or state-

dependent interruption handling strategies. On the average, lower levels of tardiness are achieved 

when the interruption handling action is fixed. This fixed action is shift characteristic dependent. 

The interruption handling action strategy based on expected completion time of primary task and 

interruption expected duration gave reasonable performance when considered average total 

tardiness of all. The results of total tardiness of all scenarios with respect to various decision-

making methods for interruption handling actions are shown in Table 20 and the total tardiness 

half width with 95% confidence for all scenarios are shown in Table 21. The graphical 

representation of total tardiness confidence interval estimates of all strategies was shown in 

Figure 9.  

TABLE 20 

AVERAGE TOTAL TARDINESS TIME 

Scenario 
Dynamic 

Random 

Fixed 

(EDD) 

Based on 

Primary 

Task 

Progress 

Based on 

Interruption 

Expected 

Time 

Based on 

Tasks 

Remaining 

Based on 

Round 

Number 

Primary 
Task + 

Interruption 

Scenario-01 1544.55 725.95 1604.04 2436.85 2004.05 1265.30 2450.83 

Scenario-02 6707.44 5987.08 8795.53 6675.40 7459.73 5772.90 3660.34 

Scenario-03 2824.68 1801.95 2952.81 2731.34 2617.51 2575.85 2771.54 

Scenario-04 3087.20 2631.31 3014.51 2676.41 2872.88 2891.53 4490.01 

Scenario-05 3234.40 2279.42 3029.81 3054.48 3023.87 3142.63 4788.84 

Scenario-06 2779.30 1820.82 2546.25 2770.39 3239.10 2769.86 4184.46 

Scenario-07 3981.48 3045.03 3850.84 3969.88 3613.95 3713.73 3174.49 

Scenario-08 5185.46 3575.71 4476.32 4155.16 4457.34 4846.71 4465.61 

Scenario-09 4526.06 3324.10 4765.16 4642.82 4371.71 4804.95 2997.63 

Scenario-10 3799.29 3452.08 3898.73 4010.06 3596.16 3751.56 2880.59 
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TABLE 21 

HALF WIDTH OF THE CONFIDENCE INTERVAL OF TOTAL TARDINESS 

scenario 
Dynamic 

Random 

Fixed 

(EDD) 

Based on 

Primary 

Task 

Progress 

Based on 

Interruption 

Expected 

Time 

Based on 

Tasks 

Remaining 

Based on 

Round 

Number 

Primary 
Task + 

Interruption 

Scenario-1 428.97 571.228 434.966 1018.371 784.418 269.285 1134.838 

Scenario-2 1238.89 1375.833 3190.556 1387.690 2912.954 1048.506 397.115 

Scenario-3 266.23 203.014 311.335 177.316 175.352 126.949 156.203 

Scenario-4 420.78 682.279 310.923 134.391 225.356 167.145 288.018 

Scenario-5 268.44 273.536 230.639 266.592 183.784 223.858 176.881 

Scenario-6 165.97 214.645 143.100 163.294 784.345 183.785 234.140 

Scenario-7 292.98 356.853 376.817 555.507 402.572 343.206 741.902 

Scenario-8 1373.49 981.669 327.486 233.835 309.087 518.108 325.379 

Scenario-9 426.30 221.571 658.180 429.202 920.391 714.458 470.910 

Scenario-10 197.59 1351.218 365.358 548.761 253.372 576.187 171.185 

 

Thirdly, the results with respect to total distance walked during the shift show that fixed 

interruption handling action selection (i.e. shift characteristic dependent) performed consistently 

better than dynamic random and state dependent action selection (shown in Table 22). The half 

width of confidence interval of total average distance walked and its confidence interval graph is 

shown in Table 23 and Figure 10 respectively. 

 However, there isn't sufficient evidence to state that the performance of one vs other 

strategy is significantly different in terms of tardiness and distance walked, as can be seen in the 

confidence interval chart. A higher sample size is needed to establish if there are such 

differences. 
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Figure 9. Confidence Interval for Average Total Tardiness 
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TABLE 22 

AVERAGE TOTAL DISTANCE WALKED 

Scenario 
Dynamic 

Random 

Fixed 

(EDD) 

Based on 

Primary 

Task 

Progress 

Based on 

Interruption 

Expected 

Time 

Based on 

Tasks 

Remaining 

Based on 

Round 

Number 

Primary 
Task + 

Interruption 

Scenario-01 0.4101 0.3963 0.3989 0.3968 0.3952 0.3905 0.4118 

Scenario-02 0.3821 0.3761 0.3738 0.3797 0.3669 0.3652 0.3899 

Scenario-03 0.3375 0.3360 0.3394 0.3393 0.3349 0.3289 0.3484 

Scenario-04 0.4224 0.4203 0.4221 0.4122 0.4158 0.4149 0.4250 

Scenario-05 0.4651 0.4687 0.4579 0.4589 0.4477 0.4522 0.4682 

Scenario-06 0.4941 0.4854 0.4836 0.4876 0.4851 0.4839 0.4941 

Scenario-07 0.4982 0.5079 0.4981 0.4947 0.4855 0.4803 0.4973 

Scenario-08 0.5567 0.5707 0.5556 0.5628 0.5368 0.5523 0.5645 

Scenario-09 0.6418 0.6236 0.6212 0.6352 0.6229 0.6263 0.6326 

Scenario-10 0.6297 0.6155 0.6278 0.6219 0.6071 0.6216 0.6313 

 

TABLE 23 

HALF WIDTH OF THE CONFIDENCE INTERVAL TOTAL DISTANCE WALKED 

scenario 
Dynamic 

Random 

Fixed 

(EDD) 

Based on 

Primary 

Task 

Progress 

Based on 

Interruption 

Expected 

Time 

Based on 

Tasks 

Remaining 

Based on 

Round 

Number 

Primary 
Task + 

Interruption 

Scenario-01 0.0083 0.0055 0.0067 0.0068 0.0063 0.0057 0.0081 

Scenario-02 0.0060 0.0064 0.0068 0.0072 0.0071 0.0071 0.0068 

Scenario-03 0.0066 0.0060 0.0067 0.0065 0.0062 0.0042 0.0076 

Scenario-04 0.0076 0.0059 0.0079 0.0072 0.0057 0.0068 0.0070 

Scenario-05 0.0077 0.0074 0.0076 0.0084 0.0065 0.0084 0.0090 

Scenario-06 0.0106 0.0062 0.0083 0.0073 0.0072 0.0089 0.0075 

Scenario-07 0.0077 0.0089 0.0092 0.0080 0.0087 0.0078 0.0096 

Scenario-08 0.0093 0.0100 0.0098 0.0095 0.0068 0.0079 0.0095 

Scenario-09 0.0116 0.0070 0.0105 0.0097 0.0101 0.0111 0.0100 

Scenario-10 0.0112 0.0089 0.0127 0.0136 0.0102 0.0118 0.0094 
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Figure 10. Confidence Interval for Average Total Distance Walked 
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5.4 Conclusions 

The prime objective of this chapter was to study if dynamic random, fixed or state-based 

interruption-handling strategies could potentially improve the outcome of different shifts. The 

results show that fixed interruption handling action selection (i.e. based on shift characteristics) 

is better than dynamic random selection and state dependent when analyzed with respect to 

average total completion time and average total tardiness. When analyzed with respect to total 

distance walked fixed strategies perform consistently better than dynamic random and state 

dependent strategies. In some scenarios, interruption handling action selection made with respect 

to system state performed well when compared to fixed interruption handling action but there 

was no consistency.  

The care providers target is to complete all the planned tasks effectively while handling 

the interruptions in between. The best strategy identified from this chapter is to use fixed 

interruption handling action (recommendation based on shift characteristics). 
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CHAPTER 6 

DISCUSSION 

 This research focused on the inpatient care task sequencing problem from the viewpoint 

of a single worker. The main objectives in the problem are to minimize the total shift tardiness 

and the distance walked by the care provider during the shift while handling the interruptions. In 

this problem, we have considered stochastic processing time with known mean value.   

 To solve the problem, we have studied the literature related to single machine scheduling 

and interruptions in healthcare to identify task sequencing techniques and interruption handling 

actions. Dispatching rules were identified as relatively easy to implement approaches for task 

sequencing. A simulation model was developed using Excel VBA tool combining both 

dispatching rules and interruption handling actions to study the effect of stochastic processing 

time and interruption occurrences during the shift total completion time, tasks tardiness and 

provider distance walked. It was showed, based on interruption psychology constructs, that 

interruptions can significantly increase the total completion time of the shift when no task 

compression strategies are used. 

 The key findings from the evaluation of fixed dispatching rules/interruption handling 

actions are the relationship between inpatient care shift characteristics (vital checks, nil per orals, 

incision care, AC/HS checks) and the best performing work sequencing strategy.  The EDD rule 

and the SEPT rule performed well with respect to tardiness, total completion time and distance 

walked criteria. Out of the three interruption handling actions considered in this thesis, 

postponing Interruptions most of the time lead to minimum distance walked during the shift by 

the provider and minimum completion time. 
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 It is evident that fixed interruption handling action based on shift characteristics perform 

effectively than dynamic random or state dependent. On the other side system state dependent 

strategies (such as the primary task progress, current round number, number of remaining tasks, 

and expected interruption duration) performed well for few scenarios but there were not 

persistent to consider them. 

 This research illustrated the need of task sequencing strategy and considering 

interruptions while planning inpatient care shift work by studying completion time, total 

tardiness, amount of distance walked, number of interruptions, and interruption handling actions. 

The Simulation helped analyze the inpatient care wok system and the challenges associated with 

completing the tasks on time. 

 This research is first of its kind. Many problems related to inpatient care capacity 

planning, patient scheduling, resource scheduling, and logistics (medicine stocks) have been 

addressed using operations research and quantitative approaches. Nevertheless, inpatient care 

task sequencing problems have not been proactively analyzed using these tools.  

6.1 Contribution  

This research contributes towards answering the question of which tasks to do next after 

completion of primary task or after attending an interruption emerged in the inpatient care round. The 

simulation tool developed during this research contributed to understanding the nature of the problem 

characteristics and to quantifying the impact of interruptions on operational outcomes such as shift 

completion time, tasks tardiness, given the stated assumptions. The best interruption handling action 

for each dispatching rule and the best performing dispatching rule for each interruption handling 

action was identified from the simulation results. From these results, we could build a relationship 

between shift characteristics and interruption handling strategies for the simulated system. 
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 In chapter 5, a comparison between random, fixed and state dependent interruption handling 

strategies was done. The results were compared in terms of operational performance metrics related 

to shift quality and workload outcomes. 

6.2 Limitations 

In this research, we did not consider the inpatient care worker capability in the 

simulation. It was assumed that the inpatient care worker is continuously available and no time in 

the shift is allowed for non-patient care related activities. 

In this research, the interruptions considered are caused by patients only. Nevertheless, 

there are many possible sources of interruptions such as phone calls, inpatient care staff, and 

other healthcare providers. The analysis is intended for non-critical interruptions with similar 

priority levels as those of the primary tasks. We assume that when priorities are clearly different, 

the healthcare provider will be able to identify which task requires their immediate attention.  

The number of patients and shift characteristics are fixed at the beginning of the 

workday. However, there can be new patients admitted and patient characteristics may change 

along with the number of planned tasks throughout the shift. 

The sample size with 95% confidence and 5% error is too large when calculated with 

respect to total tardiness of the shift. So, we have calculated sample sizes with respect to total 

completion time of the shift.  

Despite these limitations, this research is an initial step in understanding the inpatient 

care task sequencing problem and studying its characteristics. Thus, the current limitations can 

be addressed in future research.   
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6.3 Future Research 

In the future, the inpatient care task sequencing and interruption handling problem can be 

investigated considering worker capability during the inpatient care shift. Alternative state 

variables, such as shift slack time can be used. Shift slack time is calculated as the difference 

between the available time during the inpatient care round and the sum of expected durations of 

the remaining tasks to be addressed in the round. 

Moreover, the problem can be extended to incorporate the speed of workers in 

performing tasks when the schedule is tight. In this case we can add quality of patient care when 

speeding up the tasks to cover the delay.  

The task sequencing and interruption handling problem can also be studied by adding 

criticality index to interruptions arising during the round and handling the interruption with 

suitable strategy in addition to system state variables.  

Lastly, we have also considered a fixed number of rounds in the shift, which is consistent 

with current practice. Nevertheless, it would be interested to study what could happen if different 

round schemes are used to plan for and sequence tasks in an inpatient care environment.  
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