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Abstract 

The increasing demand for hospital emergency services has important implications for the allocation of 
limited public resources and the management of healthcare services. Although reform is an oft-cited way to 
improve the healthcare system, it has a limited ability to readily address this increasing demand. This paper 
presents an innovative approach to identify and translate feasible solutions to improve the efficiency of hospitals. 
Premised on visual analytics, the paper describes the way a software program was used to represent 
sonography department processes within a virtual environment. The processes were represented by collecting 
and assembling information about room capacity, room use, patient-scheduling practices, staff capacity, and 
equipment availability. The resulting model helped to identify areas for improvement and simulate viable options 
to improve these areas. This was associated with two clear benefits – it allowed solutions to be considered 
without making changes to the physical environment, and it provided a way to clearly demonstrate to staff the 
relationship between process change and improved efficiency. The paper concludes with directions for future 
research. 

Key words: Visual analytics, health services, management, innovation, emergency departments, 
patient flow 
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1 Introduction 
In many Western nations, the demand for hospital services is increasing [52], fuelling public concern that the 
healthcare system is in crisis [60], [10]. Increased demand is particularly evident within emergency departments 
(EDs) [13]. In Australia for instance, there were approximately 6.7 million presentations to EDs in a recent 12-month 
period [7] – this represents an increase of 400,000 patients from the previous year [6]. However, Australian public 
hospitals have a limited capacity to meet this demand [13]. 
 
The limited capacity of EDs is evidenced by access block [2], [17]. According to the Australian Council on Healthcare 
Standards and Australasian College for Emergency Medicine (ACHS-ACEM) [1], access block occurs when a patient 
remains in an ED for over eight hours, consequent to the limited availability of an inpatient bed. Although 
international statistics are limited, an examination of Australian data suggests that thirty to forty percent of 
emergency patients exceed this eight-hour limit [65]. Given that the functionality of an ED degrades once access 
block exceeds ten percent, this statistic constitutes a serious concern. 
 
The consequences of access block are costly. In addition to increasing risk to patient health [71], [34], [78], it affects 
the allocation of limited public resources and the management of healthcare services. More specifically, it is 
associated with decreased efficiency in the ED [26], [27], [16], [66] and increased inpatient stays [67]. Given the 
interconnected nature of hospital departments, access block is likely to hinder patient flow throughout a hospital [40]. 
As such, it can reduce the efficiency of the surgical, intensive care, pharmaceutical, and diagnostic imaging 
departments, among others. 
 
The causes of access block are multifaceted. In addition to an insufficient number of inpatient beds [2], access block 
is attributed to limited workforce capacity; an ageing population; the increasing number of young patients (under 25 
years) who access EDs as a substitute for primary care [13], [5]; the increasing number of patients requiring intense 
and/or continued hospital treatment [30], thus overcrowding hospital departments [35]; a decline in community 
services including nursing homes and mental health services, which in turn adds further strain on the hospital system 
[31]; changing patient expectations, largely consequent to improved access to health information; changing referral 
patterns – for instance, 86 percent of patients in the Australian state of New South Wales (NSW) self-refer to EDs; 
increased use of ambulance services, which has risen by 10 percent annually in the last two years; the limited 
access of day clinics and private practitioners [62]; the decline in bulk billing among general practitioners [41], [33], 
[45], [42], particularly in rural areas [84], [23], [69]; and funding arrangements that focus on elective surgery and 
outpatient care [2]. 
 
Although there have been some attempts to improve access to hospital services – including recommendations by 
professional bodies [3], improvements are yet to be seen. Furthermore, some strategies may have exacerbated 
access block. For instance, efforts to improve the skill level of ED staff and allow access to specialists within the 
same ED visit may have promoted the use of EDs [13]. 
 
The systemic nature of the aforesaid problems is likely to require long-term solutions following considerable planning. 
Yet, this does little to remedy the immediate challenges of access block within EDs. Given the associated costs of 
access block, it is therefore necessary to identify ways to improve patient flow in the ED, and thus, the 
interconnected departments. 
 
One approach that holds promise for healthcare services is lean thinking [51]. Typically applied to private industries – 
notably, manufacturing [63], [64], [44], [18], lean thinking aims to provide products or services ‘in the most efficient 
manner by improving flow and eliminating waste from processes’ [53] p.S39. This is achieved by understanding 
current processes, identifying areas for improvement, and implementing necessary change. The application of lean 
thinking to private industry has helped to improve productivity, reduce waste and lower costs [81] – and it is these 
strengths that hold promise for healthcare services. 
 
The potential value of lean thinking for the healthcare sector is recognised by a number of federal and state 
governments. In the United Kingdom for instance, the National Health Service (NHS) has borrowed heavily from the 
Toyota System to ‘improve quality (to deliver better and more timely patient care), to make working lives less 
stressful and more rewarding for staff and to boost efficiency and productivity (thereby pleasing politicians and 
taxpayers), all at the same time’ [48] p.3. Similarly, Australian government policies allude to the role of process 
management principles – normally applied to the manufacturing industry, to the management of healthcare services 
[56]. This potentially includes the identification of value-adding processes as well as wastage. 
 
One way to apply lean thinking is through the use of visual analytics. Visual analytics represents a marriage between 
computation, visual representation, and interactive thinking [83]. As Thomas and Cook [77] p. 10 explain: 
 
visual analytics… [is] the science of analytical reasoning facilitated by interactive visual interfaces. People use visual 
analytics tools and techniques to synthesize information and derive insight from massive, dynamic, ambiguous, and 



 

 

22

Janna Anneke Fitzgerald 
Ann Dadich Using Visual Analytics to Improve Hospital Scheduling and Patient Flow 

Journal of Theoretical and Applied Electronic Commerce Research
ISSN 0718–1876 Electronic Version 
VOL 4 / ISSUE 2 / AUGUST 2009 / 20-30 
© 2009 Universidad de Talca - Chile 

This paper is available online at 
www.jtaer.com 

often conflicting data; detect the expected and discover the unexpected; provide timely, defensible, and 
understandable assessments. 
 
Techniques that are simultaneously visual and interactive can be helpful for four key reasons [20]. First, they can 
help users to understand complex data and situations where models alone are inadequate. Second, they readily 
detect ‘trends and anomalies, evaluate hypotheses, and uncover unexpected connections’ p.15. Third, through the 
use of contextual cues, they help the user to interpret the information he/she is presented. Finally, they encourage 
users to engage with and explore large datasets that might otherwise be daunting [82]. 
 
To demonstrate the way visual analytics can aid the management of healthcare services, this paper describes the 
application of visual analytics to a hospital department. Following a discussion of the role and operation of EDs, as 
well as issues affecting their performance, the paper outlines an approach to understand current departmental 
processes, identify areas for improvement, and pilot improved management strategies within a virtual environment. 
As such, this paper is methodological in scope and does not present findings associated with the implementation of 
the identified strategies. 

1.1 Role and Operation of Emergency Departments 

The term, ‘emergency’ implies an unexpected combination of circumstances that demands immediate action. In the 
medical setting, it involves an injury or illness that poses an immediate threat to patient wellbeing and requires rapid 
assistance or relief [38] – and perhaps, nowhere is this more apparent than in a hospital ED. 
 
Emergency departments are highly visible, highly utilised, and highly valued by the community at large. For many 
individuals with acute health issues, they are the point of entry into the healthcare system – as such, the 
performance of EDs contributes to both patient and community wellbeing [13]. 
 
Emergency departments also have a vital role in shaping the care pathway a patient traverses through the hospital 
system – that is, patient flow [55]. Emergency departments assess individuals who present with a wide array of 
physical and mental health issues [25]; prioritise them accordingly; and usher them to appropriate departments and 
services. While seemingly efficient, the process typically involves many interactions between patient and different ED 
staff – interactions that are often separated by delays and extended waiting periods [46]. Such inefficiencies are 
discussed in the subsequent section. 

1.1.1 Factors that Influence Patient Flow 
Within an ED, patient flow is influenced by several factors. These include hospital policy, hospital resources, the 
nature of emergency healthcare, and the relationship between EDs and other hospital departments. 
 
At a policy level, the operation of EDs in typically is guided by a triage system [24]. The system identifies clinical 
priorities to inform the provision of healthcare. Although formalised classification systems are sometimes lacking [4], 
[54], Australian hospitals typically use variations of the five triage categories endorsed by the Australasian College of 
Emergency Medicine [24]. As such, clinical decision-making therefore focuses on minimising risk – that is, possible 
health outcomes that have a negative impact on patient wellbeing [14], [15], [61], [74]. Once level of risk is 
determined, hospital resources, including staff, are deployed accordingly [47]. 
 
However, the limited availability of skilled hospital staff is a challenge confronting many Australian EDs [12]. Despite 
recent attempts to improve staff skill-base [13], these do not compensate for staff shortages, particularly among 
nurses [2]. This issue is further confounded by the challenge of orchestrating staff rosters, while complying with 
industrial legislation. 
 
The reactive nature of emergency services also influences patient flow. Although the demand for emergency 
services is affected by extraneous factors, including seasonal change [2], EDs are expected to manage unexpected 
situations, including crises. This requires prompt access to equipment and competent staff [9]. 
 
Equally important for efficient patient flow are connections between EDs and subsequent hospital services required 
by the patient. Delayed services provided by supporting hospital departments, such as the imaging, pathology and/or 
pharmacy departments, have a limited ability to accommodate the healthcare needs of patients from the ED. This is 
demonstrated by the relationship between the ED and the diagnostic department. 
 
Diagnostic resources are used to establish patient health status. They include imaging, radiology, sonography, and 
pathology, among others. When the availability of these resources is limited, bottlenecks can result in the ED where 
patients wait for tests they require. The consequences of this can be costly [32]. For instance, at a personal level, 
patients who may be redirected to alternative hospitals have delayed access to care; at a fiscal level, the costs 
associated with patient transfer are magnified; and at a political level, the public image of the healthcare system is 
tainted. 
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Although the relationship between the emergency and diagnostic departments is important, most research on patient 
flow has focused on the surgical and outpatient departments [28], [29], [39]. This leaves much fertile ground for 
future research [32]. And given that diagnostic services are not exclusive to the ED, research that aims to improve 
patient flow to the diagnostic department would potentially benefit patient flow from other hospital departments. 

1.1.2 Initiatives to Improve the Emergency Department 
To improve patient flow in the hospital setting, a number of initiatives have been implemented to reduce access block 
[2], [17], [35]. In NSW, these include Patient Flow Units, and EDNA – the Emergency Department Network Access 
system. 
 
Introduced in 2004, Patient Flow Units represent a centralised system that manages all patient admissions and 
transfer requests [11]. They work closely with other hospital departments – particularly the ED, to allocate beds 
efficiently and reduce access block. The potential of this initiative was demonstrated by one public hospital, which 
saw access block diminish by approximately 35 percent after using a centralised system for two months [21]. 
 
The Emergency Department Network Access system is an electronic system to disseminate information about 
hospital services to ambulances [24], [36]. Following patient triage, an ambulance officer inputs patient data into the 
system, and is then provided with information about appropriate hospital services. More specifically, the officer is 
informed of hospitals that are in close geographical proximity and that currently have the resources required to treat 
the patient; furthermore, the officer is given an approximate travel time to the hospital and the number of ambulances 
currently waiting at the hospital. This information helps ambulance officers to make an informed decision when 
seeking hospital services for patients. Once an officer selects a hospital, hospital personnel are notified 
electronically; they are also advised of the patient’s condition and the estimated time of arrival. 
 
Although promising, these (and other) initiatives have had limited affect on access block [for additional strategies, 
see 17], [68]. Consequently, hospital managers are compelled to experiment with different strategies, some of which 
might be futile. 
 
Process modelling and simulation represent one way to circumvent potentially futile experimentation. By mapping 
hospital processes and patient flow within a virtual environment, it is possible to identify opportunities for 
improvement, and trial innovative strategies without risking the operation of the hospital, patient welfare, or the 
hospital budget. This holds particular promise for settings like EDs that are highly uncertain and require rapid and 
effective decisions. 

1.2 Process Modelling and Simulation 

Process modelling is a business process management activity to visually represent a current situation in an effort to 
fully understand and improve processes to gain efficiencies [49]. It often involves the use of information technology 
to create visual process maps such as activity diagrams, flowcharts, Program (or Project) Evaluation and Review 
Technique (PERT) diagrams, and the like. Coined by Williams [80], Business Process Modeling (BPM) is premised 
on the belief that techniques for understanding physical control systems can be equally valuable for understanding 
business processes. 
 
Similarly, process modelling has been applied to healthcare settings. With the push for delivering high quality care, 
while reducing care costs, process modelling has been used to manage and improve workflows in healthcare [8]. For 
example, BPM was used to assess inpatient transport services in an effort to reduce occasions of service within the 
NSW ambulance service [58]. However, the academic literature is devoid of papers on tangible improvements as a 
direct result of BPM in healthcare institutions.  
 
Process modelling generally commences with data mining – that is, the analysis of large-scale datasets from 
different sources. The purpose of data mining is to identify key patterns and trends, and thus understand macro 
processes reflected in the datasets [43]. This might include patterns of service delivery, production, and/or consumer 
behaviour. Process mining is then conducted to identify patterns and trends at a micro level. Event logs are used to 
analyse business processes and understand the minutiae of operational practices [79]. And it is this understanding 
that allows problem areas to be identified, and improvement strategies to be simulated. 
 
Simulation is a versatile way to understand and optimise the operation of systems [75], [50]. It can also help to 
visualise the impact of local decisions on entire systems. Macro and micro processes can be portrayed and 
manipulated, and the real effects of such manipulation can be surmised. 
 
One approach to simulation is through visual analytics. Visual analytics is the science of methodical calculation, 
which is facilitated by interactive visual presentation. Its strength is its pragmatism. Using graphical computer 
software, macro and micro processes can be depicted and modified, and subsequent effects can be surmised. As 
such, visual analytics provides predictive value, allowing users to experiment with innovative change without the 
need to pilot such change in vivo. As Thomas [76] describes: 
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People use visual analytics tools and techniques to synthesize information and derive insight from massive, dynamic, 
ambiguous, and often conflicting data; detect the expected and discover the unexpected; provide timely, defensible, 
and understandable assessments; and communicate assessment effectively for action p.104. 

1.3 Visual Analytics in Healthcare 

Given its practical value, visual analytics might help to improve patient flow within EDs. Through its ability to rapidly 
vary the factors that affect patient flow, and model change within the department, visual analytics can visually 
present and trial a number of improvement strategies without cost or inconvenience to staff, patients, or the hospital 
as a whole. 
 
Although potentially useful to improve patient flow, the use of visual analytics in healthcare settings is not without 
problem. The key challenge pertains to data collection. Visual analytics requires extensive and comprehensive 
datasets – however, hospital data can be difficult to access [19]. There are two key reasons for this – namely, the 
confidential nature of datasets pertaining to the operation of a hospital and/or patients; as well as the size and 
complexity of the datasets, often rendering them incomplete. 
 
Yet, even if extensive and comprehensive datasets are accessible, there is some concern that healthcare settings 
are not conducive to process simulation. Jenkins and colleagues [47] for instance, argue that – relative to the 
manufacturing sector, where principles of lean thinking are typically applied – healthcare settings are complex; 
consequently, validating and verifying simulation models can be difficult. 
 
Despite these challenges, hospitals – particularly EDs, represent appropriate settings to use visual analytics to 
model and simulate processes. This is primarily because of two reasons. First, given their role, the planning and 
scheduling of hospital beds, equipment and personnel within EDs are often extemporised – this in turn hinders 
attempts to evaluate alternative management processes. Second, consequent to policy directives, EDs are 
generating additional types and increasing quantities of data [57]. These data can thus be used to make patient flow 
issues visible, and trial innovative management strategies. 
 
To demonstrate the potential role of visual analytics in healthcare, a case study is presented. As an example of the 
NSW public health system, data collected from a hospital department is integrated using a visual analytics software 
program to understand complex hospital processes, identify areas for improvement, and simulate innovative 
management strategies. 

2 Methodology 

2.1 Case Study 

The department to which visual analytics was applied is situated in a NSW public hospital that serves a highly 
populated and ethnically diverse community [72]. The region is also characterised by high levels of unemployment 
and encompasses nine of the ten lowest socio-economic communities within metropolitan Sydney. 
 
Serving a highly populated community, the ED has experienced significant increases in demand [73]. From 2005-06 
to 2006-07, the Area Health Service witnessed an increase of ED presentations by 10.87 percent; an increase of ED 
admissions by 9.5 percent; the highest ambulance presentations in the state; and a rise in the number of primary 
care patients from 22 to 28 percent. 
 
Despite improved performance within the area health service to which it belongs, such improvement was not always 
demonstrated within the ED. For instance, from 2005-06 to 2006-07, a mandatory hospital report reveals that the 
percentage of admissions transferred from the ED within eight hours [59] improved from 67 to 76 percent; however, 
figures from the hospital reveal a decline of these admissions from 66 to 61 percent – the lowest of all hospitals 
within the area. 
 
With increased demand, the ED experienced recurrent access blocks. Although hospital data was very limited, 
access block was indicated by hospital personnel and observed by the researchers. Yet, through extended 
consultation and observation, it also became apparent that one source of access block was the adjoining 
sonography department. Delays in conducting ultrasounds – be they on inpatients, outpatients, or patients from the 
ED, strained the ED further. For this reason, hospital personnel identified the sonography department as the 
preferred site for the study. 

2.2 Method 

Following approval from both the relevant academic and hospital research ethics committees, BPM and visual 
analytics were used to map the layout and processes of the sonography department, identify improvement areas, 
and simulate innovative strategies to improve patient flow. To effectively manage the wealth of data required for the 
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study, visual analytics software – namely, Tecnomatix Plant Simulation®, was used to integrate data about 
departmental functions, resources, events, relationships between components, communication links, and information 
flow. 
 
Tecnomatix Plant Simulation® software is a tool that facilitates discrete event simulation and the creation of digital 
models of logistic systems [70]. This allows users to investigate system characteristics; test modifications without 
disrupting the system; and identify ways to optimise system performance. 
 
For ease of readability, the use of BPM and visual analytics is presented in a staged manner. However, given the 
complexities of hospital-based research the process did not always proceed in a linear fashion. 

2.2.1 Collecting process data 
The first stage of the study involved developing strategies and automated procedures for creating event logs for all 
components within departmental processes. The event logs included information about the type of process; the 
rooms and equipment involved in the process; the staff and skill-based required; and the timeframe that all identified 
resources were needed. Although initially sourced from existing hospital datasets, the information was verified 
through observation of the process over a seven-month period, as well as interviews with all five sonography 
department staff – this included senior personnel and subordinates. Guided by a semi-structured interview schedule, 
the researchers invited the staff members to provide their views about patient flow within the department, factors that 
helped and hindered this, as well as ways to improve patient flow. 
 
The first stage of the study also involved the identification of key measurement points, such as room and equipment 
capacity, bookings procedure, patient scheduling, observed wait times, procedure times, patient case-mix, as well as 
human resources. These were used to determine the outcome measures, including average wait time, number of 
patients treated, number of ED patients, number of inpatients and outpatients, average overtime worked by staff, 
room use, and the utilisation of sonographers. 

2.2.2 Constructing process clusters 
Following their identification, departmental processes that shared similar resource demands were grouped into 
clusters. Using event logs, process mining premised on BPM was then performed to detect micro trends [79], and 
thus, opportunities to manipulate and control the processes. The event logs consisted of information pertaining to 
time of patient arrival to, and departure from, the department; triage rating; and sequence of events in the 
department. Process mining helped to identify and extract the necessary information from large datasets, and 
represent identified processes through a network model. 

2.2.3 Monitoring key measurement points 
To determine the extent of variability within the identified departmental processes, the key measurement points were 
monitored for three months. This involved observing patient flow within the department and collecting data pertaining 
to outpatient wait times over a two-week period. It was important to collect this data because they were not part of 
existing hospital datasets, and they were needed to understand the performance of the department, as well as key 
decision points that influenced this performance. The two-week timeframe was determined in consultation with 
hospital personnel who deemed it sufficient to capture the information required for the scope of the study. For all 
other data, the three-month timeframe was selected because, according to the clinicians, this would be sufficient 
time to adequately capture typical departmental processes. 

2.2.4 Constructing a virtual model 
Using Tecnomatix Plant Simulation® software, the process clusters and data on the key measurement points were 
integrated to construct a virtual model of the sonography department. Based on an algorithm [50], the model 
depicted actual processes and helped to understand departmental (in)efficiencies using statistical outputs – 
utilisation of space, equipment and staff. Given the complexity associated with the algorithm, further detail can be 
found elsewhere [37]. 
 
Using the software, the virtual model was then reformed into an interactive image of the sonography department. 
The software helped to identify core business processes in relation to the scheduling of patients, room utilisation, 
and the allocation of appropriate personnel. The core business processes were simulated (graphically), illustrating 
actual workflow, as well as identify opportunities to improve patient flow. A screenshot of the department is shown 
(see Figure 1). 
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Figure 1: Current Scheduling Practices in the Sonography Department 

2.2.5 Validation 
Although the software provided objective representations of actual processes, it was important to invite sonography 
department personnel to validate the representations. The aim of this was two-fold – first, to gauge the perceived 
face validity of the model among those who might potentially use it, and second, to demonstrate bona fide 
collaboration to key stakeholders – namely, hospital staff. For these reasons, approximately twenty staff members 
were consulted from both the imaging and emergency departments, including clinicians, managers and 
sonographers. They were asked to verify the model for authenticity and suggest solutions that could be simulated. 
Staff members were also asked to voice the factors that would help or hinder its use within the department. 
 
Collectively, those consulted indicated that the model was a sound representation of processes within the 
sonography department. Further to this, as demonstrated by the model, the hospital personnel identified poor room 
utilisation as a hindrance to patient flow. This feedback helps top validate the model and its representation of 
departmental processes. 

2.2.6 Simulating improved processes 
Once validated, the model was then manipulated to identify ways to improve patient flow. By varying information 
pertaining to patient-scheduling practices, staff numbers, and room allocations, process logs were simulated and 
compared to those of actual processes (for the same timeframe). This helped to gauge the accuracy of the 
simulations and refine them accordingly. For example, one suggestion was to change scheduling time per procedure 
from 60-minute intervals to 50-minute intervals. Table 1 depicts the simulated outcome for this change. 
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Table 1: Simulated outcome of modifying scheduling time per procedure 

 

Outcome measure Current situation: 
60-minute interval 

Modified situation: 
50-minute interval 

Waiting time per patient for 
procedure (mins) 

04:39.0 11:22.7 

Total patients seen by departmental 
staff 

3,927 4,488 

Inpatients seen by departmental staff 1,784 2,042 
Outpatients seen by departmental 
staff 

994 1,137 

Emergency patients seen by 
departmental staff 

1,149 1,309 

Staff overtime (mins) 08:43.0 12:37.5 
Room use 54% 61% 
Room use including weekends 13% 14% 
Utilisation of sonographers 85% 96% 

2.2.7 Implementation and evaluation 
Although the simulated models are not (yet) applied in the case study, the final stage would involve the 
implementation of those deemed most suitable, at the discretion of the hospital. It would also involve a period of 
evaluation to determine whether access block had been affected by the modifications to process. An evaluation of 
the identified improvement strategies is currently underway with the hospital. 

3 Discussion 
Consequent to the disparity between supply and demand, the healthcare system in many Western nations is far from 
ideal [52], [60], [10], [13]; access block is symptomatic of this [2], [17]. Although access block might be addressed by 
attending to a number of systemic issues [5], [30], [35], [31], [62], [41], [33], [45], [42], [84], [23], [69] there is an 
immediate need to improve patient flow within the hospital system. Failure to address this problem potentially 
jeopardises healthcare services and the health of patients [71], [34], [78], [26], [16], [66], [27], [67]. 
 
This paper presents one option to inform strategic decision-making, and as such, the potential to improve patient 
flow. Using visual analytics within a sonography department, the study reveals the way in which complex processes 
within a hospital department can be understood; the way areas for improvement can be identified; and the way viable 
options to improve these areas can be simulated. Although this paper is methodological in scope, and as such, does 
not present evidence of improved efficiencies, the interconnected nature of hospital departments [40] would suggest 
that improved efficiencies in one department is likely to have beneficial effects on surrounding departments – this 
includes the ED. 
 
In addition to the potential for greater efficiencies, visual analytics offers the hospital setting two further benefits. First, 
change can be piloted without the need for environmental (including policy) change. Second, visual analytics allows 
hospital staff to observe the potential benefits associated with an altered process, which in turn, can increase 
confidence. 
 
This methodological paper offers two key lessons to those interested in visual analytics. First, as a field that attracts 
the interest of multiple disciplines, ontological divergence is a potential hazard within a team of visual analysts. Team 
members who are steadfast to particular paradigms might struggle to compromise their position and widen their 
blinkered view. For this reason, the creation of shared understandings and shared interpretations are essential for 
the success of the visual analytic project. In addition to extensive discussion about the research problem and the 
appropriate methodology, this requires consideration of the disciplines that should be represented within the team. 
For instance, the researchers involved in this study represented mathematics, computing, operations management, 
business systems, and health management. 
 
Second, visual analytics is highly contextual; for this reason, continued engagement with stakeholders is pivotal. In 
an overstretched setting like a hospital, where time, resources and personnel are limited, the presence of external 
(read, foreign) researchers can be taxing, if not fatiguing to hospital personnel. For this reason, research etiquette 
should be brought to the fore. This might include enlisting the support of local opinion leaders; incorporating into the 
project multiple opportunities for all key stakeholders to inform the seven aforesaid stages of the project; as well as 
the provision of interim reports to notify stakeholders of progress to date [22]. 
 
Visual analytics represents an innovative approach to inform departmental changes that may improve patient flow in 
hospital settings. It portrays actual processes in a novel way, regardless of complexity or the parameters involved; 
and it accentuates opportunities for improvement. By manipulating critical parameters, animated simulation can test 
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a range of improvement options and present the results in a visual manner that is readily interpreted by the time-poor 
hospital manager. Opportunities can then be tested in real hospital settings with greater confidence of their 
effectiveness. Considering the prime role of EDs, it is essential to develop and provide the means that optimise their 
processes. 
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