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Abstract 
Healthcare systems face many challenges that prevent them from reaching their full potential. 

Overcoming these challenges can be very difficult in part because of their complexity. Predicting all 

the possible effects that improvement attempts may create is difficult and high-quality decision 

support material is difficult to obtain. System dynamics modeling and simulation is a technology 

that has been applied for some time within the healthcare domain in order to assist the decision-

making process. This technology has gained increased interest in the domain over the past decade. 

This project analyses the application of system dynamics modeling to a specific problem in the 

healthcare sector, namely that of frequent attenders to the emergency department. A literature 

review is performed to extract suggestions that could be considered when engaged in the process 

of developing a system dynamics model for managing frequent attenders in healthcare. It has been 

found that the research on frequent attenders and their management is very heterogeneous and 

ambiguous making it difficult to draw strong conclusions about the effectiveness of different 

management strategies. Model builders are forced to turn to other sources for model data. It is also 

found that system dynamics modeling of frequent attenders has not yet been done. This situation 

led to the expansion of the search scope to include related modeling research as the basis for 

suggestion extraction. 65 suggestions are extracted into three broad categories with the limitation 

of not being strictly specific to the modeling of frequent attenders, but have a more general nature. 

And although their value is not evaluated, it is hoped that they could contribute as inspiration to 

certain system dynamics model development endeavors. 
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1 INTRODUCTION 
This chapter describes the project context including background, problem description, delimitation, aim, and 

objectives. 

1.1 BACKGROUND 
Healthcare systems are designed to enhance the quality of life to its users. This important service is 

expensive and the cost of healthcare systems is increasing in the western world, putting system 

expenditure in Sweden as the third most expensive one in Europe (OECD, 2018). In the Västra 

Götalands region expenses are predicted to increase even further due to the shift in demographics 

towards a more elderly population. With this in mind, a strategy has been decided in order to adapt 

the healthcare system to cope with this situation (Dnr RS 2017-02037). One part of this strategy 

consists of reviewing the possibility to move care activities from the more expensive specialist 

hospital care towards primary care “closer to home”. Since healthcare systems are comprehensive 

and complex, identifying what care activities to move is difficult. One working group was given the 

task of using system dynamics simulation technology in order to support the decision-making 

process about which care activities to target for reallocation.  

System dynamics is used to model and simulate complex systems in order to increase 

understanding of its dynamic behavior during different circumstances. This understanding can be 

used to increase quality and accuracy in decisions affecting the target system. As a whole system 

model wasn’t feasible to build, some limitations and boundaries were negotiated. One specific 

patient population was targeted, namely frequent attenders, and the healthcare system boundaries 

were to include emergency departments and primary care. This project situation stimulated the 

curiosity to see if there is any research done that could be used to assist the development of the 

simulation model. This prompted the development of a project specification with the aim to 

investigate the current research on the topic in order to elicit suggestions to consider when 

engaging in the development of a system dynamics model.  

 

1.2 PROBLEM DESCRIPTION 

Making decisions regarding a complex system in order to achieve specific outcomes is difficult, 

especially when the system consists of many elements interacting with each other in non-linear 

patterns, where the system itself changes, and where the system's environment also changes 

(Snowden and E Boone, 2007). There are a number of tools designed to support decision makers 
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facing these circumstances. Modeling and simulation, and specifically system dynamics is one of 

them. In order to prepare for future challenges by expanding the ability to grasp and understand 

the complexity of healthcare systems, there is an opportunity in the investigation of current 

research literature on the issue. The aim of such an investigation could be the rendering of 

suggestions to consider when developing a system dynamics model for the strategic development 

of healthcare. Such suggestions could act as a starting point or inspirational material to revisit 

during a model developing process. 

 

1.3 DELIMITATION 

This project is concerned with providing suggestions for system dynamics modeling, primarily 

within the subject of frequent attenders in healthcare and particularly related to emergency 

departments. 

 

1.4 AIM 
The aim with this project is to identify and present suggestions to consider when designing a 

system dynamics model on the management of frequent attenders within healthcare by analyzing 

the current (a) literature reviews and surveys on system dynamics applications in healthcare, (b) 

the literature on management of frequent attenders within emergency departments and primary 

care, and (c) the literature of management of frequent attenders using system dynamics modeling 

and simulation. 

 

1.5 OBJECTIVES 
The aim is expected to be fulfilled through the execution of the following objectives: 

• Analysis of the current review or survey papers on the application of system dynamics in 

healthcare. 

• Analysis of the existing research on the management of frequent attenders in primary 

care and emergency departments. 

• Analysis of the existing research on how to manage frequent attenders using system 

dynamics modeling and simulation. 

• Identify suggestions to consider when engaging in the process of developing a system 

dynamics model for frequent attenders in healthcare. 
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2 FRAME OF REFERENCE 
This chapter describes the basic theoretical framework for this project. The patient population of frequent 
attenders is described. A perspective on healthcare systems as complex systems is undertaken, followed by 
an account of system dynamics modeling, which is a technology for simulating complex systems. Finally, a 
conventional process for the construction of system dynamics models is described. 

2.1 FREQUENT ATTENDERS 

The number of visits to emergency departments is increasing occupying resources and putting a 

strain on the service provision by these institutions (Moe et al., 2016b). One patient category with 

high consumption of emergency care resources is frequent attenders who repeatedly revisit the 

emergency department. This population constitutes 4.5 % to 8.0 % of all patients while accounting 

for 21 % – 28 % of all visits (LaCalle and Rabin, 2010). Frequent attenders are a diverse and 

heterogeneous group with members of all ages. Different studies show that they generally 

consume healthcare from multiple systems and suppliers (Soril et al., 2016). Research has been 

done on the phenomenon of frequent attenders within different healthcare domains such as 

emergency-, primary- and psychiatric care. One apparent challenge of this research is the massive 

diversity of definitions of frequent attenders. Kivelä et al. (2018) identify 23 different ways in which 

the group is defined in primary care research alone, based for example on the number of primary 

care consultations during a set time frame or by a certain top percentile of frequent visitors. 

Examples include five or more consultations in 12 months, or the top quartile of attenders in 24 

months. Mixed healthcare system definitions could also be applied such as: four or more 

emergency department visits and ten or more primary care consultations in 12 months. This 

heterogeneity in definitions is problematic as it hampers the possibility to perform meta-analysis 

comparing results from different studies. Also, differences in definitions of frequent attenders lead 

to differences in the variables that the population is associated with (Luciano et al., 2010). In an 

attempt to counter this problem, a conceptual definition in the form of a model has been 

presented for frequent attenders in primary care (Kivelä et al., 2018) which could synchronize 

definitions for future research, enabling synthesis by meta-analysis. However, it is unsure if this 

conceptual definition is enough since frequent attenders move across healthcare system 

boundaries; perhaps the definition is translatable into for example an emergency, psychiatric, or 

mixed healthcare system context. 
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Different authors in the literature discuss if the emergency department visits by frequent attenders 

are motivated or not. A widespread assumption is that many of the visits are non-urgent, could be 

better treated elsewhere (Jacob et al., 2016), or may even worsen patient health conditions (Moe 

et al., 2016a, Shen et al., 2018) while others argue that many of the frequent attenders are indeed 

sick and in need of specialist emergency care (LaCalle and Rabin, 2010, Zarisfi et al., 2014). 

 

2.2 HEALTHCARE SYSTEMS AS COMPLEX SYSTEMS 

To take high-quality decisions when working with healthcare systems is hard due to their 

complexity (Snowden and E Boone, 2007). A complex system consists of many different elements 

that are interconnected and interacting in different ways and they also re-integrate generated 

outputs forming feedback loops rendering non-linear behaviors (Bar-Yam, 1997). The overall 

behavior of a system like this is non-reductant which means that it can´t be derived only by looking 

at the individual parts.  

Healthcare systems consist of a wide array of interconnected institutions that are populated by 

many different professions and technologies, all needed to create the synergy resulting in 

healthcare services (Martínez-García and Hernández-Lemus, 2013). Parallel to this complexity, 

healthcare systems are crowded by patients that contribute to system non-linearity by being 

motivated to contact and use of the system by unpredictable factors. Unpredictable phenomenon 

includes the outbreak of disease, the non-linear progression of disease, accidents or other 

unplanned events contribute to the non-linear behavior of healthcare systems (Lipsitz, 2012). 

Due to this complexity, there is a need for technology that is able to handle this complexity and 

rendering useful information about these kinds of systems. 

 

2.3 SYSTEM DYNAMICS MODELING 

There are several technologies applicable to the simulation of complex systems such as healthcare 

systems; discrete event simulation, system dynamics, agent-based simulation, and monte carlo 

simulation, are four used simulation technologies within the field (Mielczarek, 2016). System 

dynamics is a simulation technology originating from the work on industrial dynamics developed by 

Forrester (Forrester, 1960, Forrester, 1961). This technology is nowadays also used in other 

domains including healthcare. System dynamics can be used to model complex systems addressing 

the problems of non-reductionism and non-linearity by specific techniques. Non-reductionism, the 
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impossibility to isolate and manipulate fragments of a large system expecting intended outcomes to 

arrive without affecting other fragments of the system, is addressed by the use of systems thinking 

which is a formalized system analysis methodology employing a holistic perspective rather than a 

reductionistic (Bala et al., 2017). However, there is a challenge in pertaining to a strict holistic 

system perspective, as systems need boundaries in order to be studied which calls for some form of 

reductionism anyhow. Full system modeling could be unfeasible and unnecessary, therefore, two 

principles could be used to frame and limit the system that is going to be studied. On the one hand, 

decomposition refers to the composition and abbreviation of complex system segments into 

“modules” that are interconnected. The other principle is that of endogenous problem elements, 

which means that the model has the right boundaries when all the elements that render the 

behavior you want to study is contained within the model (Bala et al., 2017). Non-linearity is 

addressed by a set of established model development tools with formalized notations designed to 

allow users to construct models mimicking the behavior of complex systems. Reinforcing and 

balancing feedback loops, delays, variables, flows, and functions, are all part of the system 

dynamics toolbox used to design models mirroring real or imagined non-linear systems (Bala et al., 

2017). Another often mentioned feature of system dynamics modeling is its combination of 

qualitative and quantitative perspectives during the model build-up. The quantitative perspective is 

exercised in the initial phase where discussion between modelers and stakeholders generate the 

first conceptual fragments of the system under study, often in the form of “causal maps” or 

“influence diagrams”. The quantitative continuation of the process include the development of an 

operational simulation model in the form of a “stock and flow diagram”. Elements and data 

integrated into the model during construction can originate from different sources like available 

reports, studies, statistics, research, expert interviews, or focus group discussions. In order to build 

confidence that the model performs efficiently and captures the characteristics and dynamics of 

the target system good enough, a set of tests and validations targeting model structure, behavior 

and policy implications, can be performed (Bala et al., 2017). Operational models can be used to 

run different “what if” scenarios experimenting with different system configurations in order to 

identify feasible system setups in accordance with wanted outcomes. 
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2.4 THE FORMALIZED MODEL DEVELOPMENT PROCESS 

In order to apply system dynamics efficiently, one can follow a commonly used formalized 

approach. There are many variations in model development methods but many of them follow a 

common path and are also iterative in nature which means that the boundaries between steps are 

floating and created material is open for revision. The following approach is based on a 

methodology presented by Bala et al. (2017). The first step deals with problem identification and 

definition. By examining the target system and project objectives, one tries to achieve a clear 

description of the current situation. This step also acts as a data and information retrieval and 

preparation process. This data is used as a basis later when designing a conceptual and operational 

simulation model. Available reports, studies, and statistics can all contain important information to 

integrate into the project. Experts can be interviewed and focus groups can be formed and used to 

extract important information that is relevant to a useful system description. Useful material could 

consist of for example information on observed and captured historical system behavior, 

information on system behavior in extreme situations or information on important structures, sub-

structures, functions, entities, and influential relationships between elements. An important 

preparation when developing a simulation model is the preparation of the so-called "observed 

reference mode behavior". This is a system behavior captured in the form of a diagram that 

describes the dynamic development of an important variable over time. This reference movement 

could be the reference used for comparing the model's simulation results with reality later in the 

process. A well-designed model configured with the input values that existed when the observed 

and registered reference behavior was generated would generate a similar motion in the same 

variable. Such a correlation contributes to the confidence that the simulation model development is 

on the right track. In addition to collecting and preparing data and information prior to model 

development, this step involves determining the boundaries of the system. This limit should be 

defined in such a way that all elements relevant to the current dynamic behavior of the system are 

endogenously represented. An ideal starting point for the development of the simulation model is 

that the predefined system sketch that has been captured contains the minimum amount of 

elements and relationships while still replicating the dynamic behavior of the target system. In the 

next step a conceptual model, a causal-loop diagram, or a dynamic hypothesis is developed. The 

main purpose of this step is to obtain a hypothesis about the target system's dynamic behavior 

represented in the observed reference mode behavior. The hypothesis should define the 
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endogenous critical feedback loops that form the core of this behavior. The hypothesis that is being 

worked out is written down as a conceptual model using specific notation often referred to as 

causal-loop diagrams. The developed hypothesis is considered provisional and it is iteratively 

subject to revision as the development and improvement and the correlation between elements 

and relationships seem to better fit the dynamic behavior expression of the target system. Next is 

the design of a stock and flow diagram which is the representation that comes closest to describing 

the physical characteristics of the target system and it is the document that most likely will be 

translated into the operational model. Identify the secondary important elements of the system. 

Parameterization is the process where the model is fitted with numerical information and 

numerical processing equations. These elements are important in order for the model to exhibit 

plausible behaviors over time. Parameters can be based on different data and estimations. The 

whole point of developing a model is to utilize it to be able to interact more effectively with 

complex systems in order to create value. In order to increase confidence that the model actually 

captures the characteristics and dynamics of the target system, so that it can be used as a starting 

point for value creation, certain activities, such as tests and validations, can be performed. These 

tests and validations are aimed at model structures, behaviors and policy implications. Testing 

entails comparing the model to empirical information and data while validation entails the 

establishment of soundness and usefulness of the model. 
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3 METHOD 
This chapter describes the data collection and data analysis methods together with details on their 
performance. 

A literature study based on Kitchenham et. Al (2008) is performed with the target to analyze the 

existing research on the application of system dynamics modeling in healthcare, on the 

management of frequent attenders in emergency departments and primary care, and on the 

existing research on management of frequent attenders using system dynamics modeling and 

simulation. Further, an iterative analysis methodology is used to process the research in order to 

extract suggestions to consider when developing a system dynamics model for frequent attenders 

in healthcare. The data collection process is depicted in figure 1, while the data analysis process is 

depicted in figure 3. 

 

 
Figure 1 Data collection process 

3.1 DATA COLLECTION 

In the next sections data collection- and analysis steps are described in some detail. 

3.1.1 Keywords and Inclusion Criteria 

Three topics are investigated, all initiated with a trial for specific keywords in order to identify 

synonyms and inflections. Generally, well-known words related to each topic was used to perform 
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database and internet searches which rendered some results such as articles, dissertations, books, 

and webpages. These were browsed and searched for keyword synonyms. Synonyms were 

documented and later tested in scientific databases. The keywords that seemed to render the most 

and relevant results were later combined into search queries used in the search for the article sets, 

see table 1. In order to filter the search results, some inclusion and exclusion criteria were set up, as 

presented in table 2. This was done in an attempt to keep the final article sets consistent with the 

topics and somewhat homogeneous. 

 
Table 1 Keywords by topic 

 

Table 2 General inclusion and exclusion criteria 

3.1.2 Scope Modifications, Database Searches, and Article Sets 

Identified keywords were combined into search queries used in the Scopus database. Two non-

trivial modifications of the initial search strategies were carried out. Firstly, as there were no results 

for reviews or surveys specifically analyzing areas within healthcare where system dynamics 

modeling and simulation is applied, the scope was extended to include general computer modeling 

techniques within different healthcare areas. Within this search, some articles were identified that 

included system dynamics as one of the modeling techniques. Secondly, no results were identified 

for the topic of system dynamics modeling for management of frequent attenders in healthcare. In 

this case, the scope was extended to include system dynamics modeling within somewhat related 

fields such as emergency departments, primary care, patient flow, and intervention evaluation. 
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Once the decided search queries were run in the Scopus search engine, the filtration process 

started. By utilizing the inclusion and exclusion criteria the body of articles rendered was processed 

in three steps, as depicted in figure 2. By reviewing the search result details provided by the search 

engine a first filtration was made based on title, language, format, and year. Articles that passed 

this first filtration were investigated more closely by reading of abstracts. Exclusions in the second 

filtration step were based on abstracts reflecting article content deviating from the search topic. 

Articles passing were printed out in full text and read. As in the previous step, exclusions were also 

based on content deviation related to the search topics. Articles passing were included in the final 

article set for the topic in question. 
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Figure 2 Literature sets acquisition process 
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3.2 DATA ANALYSIS AND SYNTHESIS OF SUGGESTIONS 

The article sets were processed differently. Articles regarding the application of system dynamics 

modeling in healthcare were processed into a conventional literature review while the remaining 

two article sets were processed using an analysis methodology, presented in the next section and in 

figure 3, in order to render suggestions. 

 
Figure 3 Data analysis method 

Data analysis and synthesis of suggestions are based on the structured-case methodological 

framework for building theory as described by Carroll and Swatman (2000). It is primarily designed 

with qualitative field data in mind and was adopted to use articles as data input instead. Theory or 

concepts are developed in an iterative fashion from a tentative starting point. This tentative 

starting point consist of a series of suggestions based on the analysts own ideas and concepts about 

the topic. Structured-case assumes that few conceptual frameworks are free from subjective 

material within their structure and aim at making these explicit instead of implicit. As the process 

progress, this tentative series of suggestions are modified and extended by material drawn from 

the data sets. Each iteration starts with evaluating if the series of suggestions are good enough or if 

the process needs to be discontinued for other reasons such as time constraints or data extraction 

saturation. If the process is to be continued, the next iteration is planned. This plan can contain 

specific routes to take within the data sets or specific perspectives or objectives to aim for. As the 

plan is manifested, the data set is analyzed and material is extracted and synthesized into new 
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suggestions or used to complete existing material. The next step is a reflection used to critically 

examine, challenge, and review all aspects of the process including plan execution, data analysis, 

emerging suggestions and the developing series of suggestions as a whole. The process cycle ends 

with an update of the series of suggestions before re-engaging by evaluating whether a new 

iteration should be performed or not. After engaging in this process for some iterations, extraction 

and crafting of suggestions became harder, finally fulfilling the condition of good enough.  
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4 LITERATURE ANALYSIS AND RESULTS 
In this chapter, the results of the three literature studies are summarized together with the suggestions made 
for consideration when engaging in the process of developing a system dynamics model for frequent 
attenders in healthcare. 

4.1 APPLICATION OF SYSTEM DYNAMICS IN HEALTHCARE 

4.1.1 Characteristics of Included Studies 

The review in this chapter set out to shed some light on the variety of topics within healthcare that 

attracts the interest of system dynamics modeling and simulation. The initial intention was to 

perform a high granular mapping of specific healthcare fields targeted by system dynamics 

modeling via analyzing literature reviews and surveys on the topic. As the search for articles began 

it became evident that reviews or surveys focusing on this specific topic was non-existent. The 

search scope was extended to include reviews and surveys on multiple simulation technologies 

applied within healthcare topics. Some of these articles included system dynamics and six articles 

were selected into an article set. Manual searches yielded two more articles both focusing 

specifically on system dynamics as simulation technology within healthcare. Investigation of the 

articles showed the use of a higher abstraction level of healthcare topics than the one intended. 

This led to an adaptation of a higher level of healthcare topic categorization as presented in 

Lagergren (1998). In this way, the topics from the different articles could be merged into one 

consistent categorization as presented in table 3. In the next section, the article set is summarized 

in short. 

 
Table 3 Article set overview and sub-topics of healthcare as described by Lagergren (1998) 
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4.1.2 Literature Summary 

Mielczarek and Uziałko-Mydlikowska (2012) aim at proposing a classification system of healthcare 

topics that are being subject to examination using simulation technologies. They perform a survey 

where they include 23 system dynamics articles. Their classification is based on and developed out 

of the healthcare topic classification system by Lagergren (1998) consisting of five broad categories. 

After surveying the literature they conclude that system dynamics applications are found in three of 

these categories. Mustafee et al. (2010) recognize the scattering of publications related to the 

application of simulation within healthcare and attempt to concentrate some of these materials by 

profiling the literature. The authors review and categorize published papers as well as identifying 

specific healthcare topics addressed by specific simulation techniques including system dynamics. 

They include 17 articles concerning system dynamics within healthcare. Katsaliaki and Mustafee 

(2011) mention the disadvantageous situation with scattered publication of research treating 

simulation within healthcare topics. This fragmentation may hamper spread and use of these 

resources why they perform a review and analysis of some of this material. The aim is to collect, 

categorize, and synthesize this material into meaningful subtopics by simulation technique as well 

as evaluating the development of simulation within healthcare as a topic. 17 system dynamics 

articles are included in their analysis. Chang et al. (2017) conduct a systematic review in order to 

identify existing approaches used in health system modeling as they identify an increased demand 

for tools to enhance knowledge about these systems. Systems thinking is identified as a main 

concept with system dynamics modeling as an associated simulation technology. 30 system 

dynamics articles are used in their review. Kunc et al. (2018) performed an automated 

computational literature review mapping the application fields of system dynamics from 1974 until 

today. Five topics related to healthcare are identified and presented with some key insights. These 

five topics are based on 42 identified system dynamics articles. Fakhimi and Mustafee (2012) 

employ an operation research perspective and aim to identify existing literature focused on 

different techniques for operation management applied within healthcare. They find simulation to 

be the dominant technique. Four system dynamics articles are incorporated into their analysis. 

Zhang et al. (2018) perform a simulation modeling review investigating the implementation of 

simulation models within different healthcare topics. This investigation serves to assess if these 

models could be used to train healthcare personnel and decision-makers as they see the current 

use of individual judgment as insufficient. Ten system dynamics articles containing models are 

included in their analysis. Salleh et al. (2017) conduct a review of reviews concerning simulation 
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modeling in healthcare, not analyzing subtopics but provide a repository of review articles. Ten of 

these reviews specifically include system dynamics as a simulation technique. Every review article is 

focused on one topic and these topics are categorized into the Lagergren (1998) categories in table 

3.  

Four of the mentioned simulation technologies mentioned in the reviewed reviews and surveys are 

discrete event-, system dynamics-, agent-based-, and monte carlo simulation. Figure 4 depicts the 

amount of identified articles for each of these four simulation technologies within the article set. 

Monte carlo simulation is the most prevalent with 377 articles followed by discrete event 

simulation, system dynamics, and finally agent-based simulation. Traditionally other simulation 

technologies than system dynamics have been dominating the field of healthcare simulation but 

considering the increasing trend of publications on system dynamics modeling in healthcare, as 

shown in Figure 5, system dynamics is at least gaining interest within the field. Perhaps it’s the 

mentioned strength of system dynamics to model complex systems on a strategical level and the 

other simulation technologies deficiencies in this area that drives this increase of interest. The 

increase, stagnation, or decrease of the other simulation technologies are not treated in this 

review.  The original intention of this literature review was to identify and capture review and 

survey articles where system dynamics were used to model healthcare areas relevant to the 

management of frequent attenders within healthcare. As the system dynamics articles used within 

these review and survey articles were gone through their relevance was evaluated to be low. This 

situation renders the use of this literature review very limited. 

 

Figure 4 Total amount of articles divided by the simulation technique employed. 
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Figure 5 Increased number of publications per year on system dynamics in healthcare. 

 

4.2 MANAGEMENT OF FREQUENT ATTENDERS 

4.2.1 Characteristics of Included Studies 

The focus of the article set was to identify some aspects of how frequent attenders are managed 

within the context of emergency departments and primary care. Interventions applied to the 

population, their characteristics, and risk factors were of interest and the main focus in the search 

queries. The primary search results rendered 274 documents. Reading of titles, abstracts and full-

text documents excluded 259 documents leaving 15 articles. Characteristics of the document set 

are summarized in table 4. Included studies were published between the years 2003 – 2018. The 

document set includes eight literature reviews and seven other studies. Six studies treat 

interventions related to frequent attenders and emergency departments, three studies treat 

characteristics and risk factors of frequent attenders to the emergency department, four studies 

treat interventions related to frequent attenders within primary care, two studies treat 

characteristics and risk factors of frequent attenders in primary care. 
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Table 4 Article overview: management of frequent attenders in healthcare. 
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4.2.2 Types of Interventions 

The types of interventions investigated within the articles are different depending on the 

application field. Interventions targeting frequent attenders in the emergency department include 

case management (Althaus et al., 2011, Moe et al., 2017, Moschetti et al., 2018, Poremski et al., 

2016, Soril et al., 2015), care plans (Althaus et al., 2011, Moe et al., 2017, Soril et al., 2015), 

information sharing (Althaus et al., 2011, Moe et al., 2017, Soril et al., 2015), diversion strategies 

(Moe et al., 2017), geriatric intervention (McCusker and Verdon, 2006), social worker home visit 

(Althaus et al., 2011, Moe et al., 2017). Interventions related to primary care include group 

interventions (Haroun et al., 2016, Hudon et al., 2016), health education programs (Bellón et al., 

2008, Haroun et al., 2016, Smits et al., 2008), referrals to home or community based services 

(Haroun et al., 2016), care plans (Haroun et al., 2016), acupuncture (Haroun et al., 2016), and 

mindfulness-based cognitive therapy (Haroun et al., 2016). 

Following are some brief descriptions of the most frequently occurring interventions. Case 

management is broadly described as an intervention where the patient is assigned a single point of 

contact that is responsible for organizing an interdisciplinary team around the patient making sure 

that the assessment, planning, and execution of the plan is performed together with guiding the 

patient thru the process. Care plans are individual plans to guide future caregivers and are shaped 

based on multifaceted patient health and social assessment. Diversion strategies aim to redirect 

patients with non-urgent concerns from the emergency department towards non-emergency 

settings. Information sharing is about the sharing of patient information between healthcare 

suppliers. Health education and management programs are a diverse set of programs aimed to 

increase the understanding of different health aspects leading to improvements in behavior 

efficiency. 

4.2.3 Characteristics and Risk Factors 

Soril et al. (2016) analyze characteristics of frequent attenders over many different healthcare 

systems and conclude that many characteristics are similar transcending boundaries of systems, 

which is also implied by the identified characteristics in this study. Characteristics for frequent 

attenders within emergency departments include mental health problems (Byrne et al., 2003, 

Leporatti et al., 2016, Vinton et al., 2014), chronic disease (Leporatti et al., 2016, Vinton et al., 

2014), alcohol or drug abuse (Leporatti et al., 2016), lower socioeconomic status (Vinton et al., 
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2014), general high use of healthcare services (Byrne et al., 2003), low level of perceived social 

support (Byrne et al., 2003), and domestic abuse (Leporatti et al., 2016). Characteristics related to 

frequent attenders in primary care include mental health problems (Vedsted and Christensen, 

2005, Welzel et al., 2017), chronic disease and comorbidity (Vedsted and Christensen, 2005, Welzel 

et al., 2017), small household size (Vedsted and Christensen, 2005, Welzel et al., 2017), 

unemployment (Vedsted and Christensen, 2005), age (Vedsted and Christensen, 2005, Welzel et al., 

2017), gender (Welzel et al., 2017), polypharmacy (Welzel et al., 2017), and social anchorage 

(Welzel et al., 2017). 

Frequent attenders seem to tract interest within the research community where the effectiveness 

of interventions to decrease the frequency of visits within emergency departments appear to be of 

particular interest. Emergency departments seem to be prioritized over primary care and case 

management related to emergency departments is the seemingly most investigated intervention. 

Other interventions are not very well-investigated and some interventions only occur once in the 

data. Anyhow, both areas are populated with frequent attenders and seem interested in exploring 

solutions, but research results are globally inconclusive and expressed in weak terms. One reason 

behind this is the challenges regardings important aspects such as unity in frequent attenders and 

intervention definitions and diversity in study methodology which make meta-analysis impossible. 

In short, research has and is being conducted but it lacks unity in definitions and methodology. 

 

4.3 USE OF SYSTEM DYNAMICS TO MANAGE FREQUENT ATTENDERS 

4.3.1 Characteristics of Included Studies 

As the search for articles started, it was quickly evident that there were no articles dealing with the 

use of system dynamics to model and simulate the management of frequent attenders in any 

healthcare context. This situation led to the extension of the search scope into topics estimated to 

be in relevant proximity to the main aim of this project. These topics include the use of system 

dynamics modeling for patient diversion, patient flows, emergency departments, and intervention 

evaluation. Ten articles are included in the set and are motivated by their project proximity, as 

mentioned above and this is also presented as arguments for inclusion in table 5. Eight articles are 

journal publications and two articles are conference publications. Year of publication range from 

1999 to 2018. The articles contain various levels of modeling materials ranging from generic 

flowcharts to conceptual models to descriptions of operational models.  
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Diaz et al. (2015) develop a model for diversion of chronic disease patients from emergency 

departments to other venues. Bruzzi et al. (2018) develop an alternative patient flow for frail 

elderly through acute-care hospitals. Cooke et al. (2010) are using system dynamics to explore 

systemic causes for patient treatment delays in emergency departments. Behr and Diaz (2010) 

develop a system dynamics model to assess the impact of different and competing interventions 

that aim to diverse frequent attenders from emergency departments to more appropriate instances 

in the healthcare system. Wolstenholme (1999) use system dynamics to develop a whole system 

healthcare model to use for testing alternative structural alternatives that could relieve pressure on 

parts of the system. Esensoy and Carter (2018) develop a system dynamics model on whole-system 

level in order to evaluate policies for system transformation. Lane et al. (2000) use system 

dynamics in order to gain knowledge about emergency department waiting times. Rashwan et al. 

(2013) are interested in policy implications within acute hospitals that could shorten the length of 

stay for elderly patients or even prevent utilization. Lattimer et al. (2004) use system dynamics to 

review and describe emergency and urgent care system components with the aim to improve 

patient flow and capacity. Lane and Husemann (2008) develop a system dynamics model 

representing an acute patient flow to evaluate the usefulness of system dynamics modeling and 

also to improve patient experience. 

Even if the specific topic of system dynamics modeling of frequent attenders is not to be found, 

other related topics are modeled using system dynamics. For example, one article model the 

diversion of chronic disease patients from emergency departments to other venues. As frequent 

attenders are associated with a chronic disease and also are evaluated to often be better treated at 

other venues than the ER the investigation of this topic may yield relevant information. Another 

article maps and tries to improve the pathway for frail elderly patients through acute-care 

hospitals. Frail elderly patients are a large part of the frequent attenders population why this topic 

is relevant as improvements for frail elderly patients would probably improve the situation for the 

frail elderly patients that are also frequent attenders. Two articles investigate how to build a model 

for testing of different structural alternatives and policy changes. Structural changes within 

healthcare systems and policy modifications are two methods that could be used to influence the 

behaviors of the patient population, including frequent attenders. Overall the modeling research 

varies in detail regarding models and the disclosure of model diagrams. System dynamics models 

are presented in simplified versions without full diagram detail or equations used which make them 
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hard to replicate, evaluate, or develop further. Another note is that the size of this data set was 

constrained by project time and could have been more expansive covering more areas related to 

the main project aim. 
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Table 5 Article overview: use of system dynamics to manage frequent attenders in healthcare. 



24 
 

4.4 SUGGESTIONS 

The two article sets related to “the management of frequent attenders in emergency departments 

and primary care”, and “the management of frequent attenders using system dynamics modeling 

and simulation”, have been processed using the data analysis method mentioned in the method 

section. By this iterative analysis method, a set of suggestions to consider when engaging in the 

process of developing a system dynamics model for frequent attenders in healthcare has been 

synthesized. In the next section, the suggestions are presented in the order of category as 

presented in figure 6. Table 6 shows suggestions by type and frequency as frequency may indicate 

what topics are given most attention within the data. 

 

Figure 6 Suggestions by category. 

 

Table 6 Suggestion by type and frequency. 
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4.4.1 Modeling  

4.4.1.1 Data Input 

Data input refers to the numbers and equations used within the model. 

• Model data inputs could be documented with source, description, and values (Diaz et al., 

2015).  

• Aim to find the best and most suitable data possible. If the data timeframe is shorter than 

the simulation timeframe considers the possibility to perform extrapolations. 

• As feedback loops are very important structures within any model, their design should be 

based on real data (Cooke et al., 2010) if possible. 

• As frequent attender management is a field with inconclusive research, models should be 

informed and populated with up to date data if available and preferable adhering to 

standards definitions. 

• Tools such as excel could be usable, especially if they can be linked to the model. These 

tools can allow for the creation of efficient data input interfaces (Esensoy and Carter, 2018). 

Data inputs could also be processed within such tools into elaborated data using, for 

example, statistical tools, algorithms, and equations.  

• If some data is difficult to generate by the modeling of elements inside the model, perhaps 

this data is externally available for import (Esensoy and Carter, 2018) and extrapolation 

(Rashwan et al., 2013). This could, for example, be arrival rates. If it is difficult to model this 

data it may be imported and extrapolated if available. 

• If some data is hard to model, perhaps some historical data can be used together with some 

assumptions in order to construct and set a user-adjustable constant (Esensoy and Carter, 

2018). 

• The underlying factors for specific patterns or data may not be understood or out of the 

scope of the study whereas historical aggregated data may be feasible to use. For example, 

regarding patient arrivals or the length of stay in hospitals (Lane et al., 2000). 
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• Be aware if your project has crucial data demands that need to be satisfied in order to reach 

the study objectives. If important data demands cannot be met, objectives may have to be 

adjusted to fit available data (Rashwan et al., 2013). 

• Data needs for the model can be gathered into well-defined data request sheets and sent to 

the instance with a mandate to collect or provide these data (Lattimer et al., 2004).  

• Workshops can be used to gather data for model development (Lane and Husemann, 2008). 

4.4.1.2 Complexity 

Complexity refers to the management of the many and diverse elements that a model consists of. 

• If possible, the project problem formulation and model design can adhere to well-known 

and suitable models in order to promote coherence, increase understanding, and possibly 

decrease complexity (Diaz et al., 2015). 

• When developing complex models, developing them in layers can be a means of enabling 

complexity control and promote readability (Behr and Diaz, 2010). As frequent attenders is a 

complex phenomenon, models are likely to become complex, and therefore, a model 

layering principle like this could be feasible to use. 

• Keeping the model simple makes it easier to explain (Esensoy and Carter, 2018). 

• Archetypical or generic structures can be built and then fitted to specific contexts (Esensoy 

and Carter, 2018) which could potentially speed up the process and also promote model 

coherence. 

• Complex structures could be modeled separately or in modules (Esensoy and Carter, 2018) 

or as sub-models (Lattimer et al., 2004). Isolated structures or modules could be reviewed 

and adjusted by specialized domain experts without the need to be exposed to full model 

complexity. 

• If the model most likely will be overly complex, consider designing sub-models that are 

connected to a simpler higher level map (Lane et al., 2000). 

• Tables with summaries of model inputs and outputs (Lattimer et al., 2004) allow for easier 

model understanding. 
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• When interacting with domain experts in order to extract their knowledge into the model, a 

model disposition using a core overview map with sub-system may be used (Lane and 

Husemann, 2008) in order to let the experts focus on the sub-systems of expertise without 

the need of engaging with whole system complexity.  

4.4.1.3 Data Output 

Data output refers to the numerical and graphical results rendered by the simulation of a model. 

• System variables that are interesting to stakeholders and simulation result consumers need 

to be acknowledged and implemented into the model in a feasible way (Diaz et al., 2015) 

preferably as early as possible. This is to make sure that the output of interest is produced. 

• Having final data diagrams and charts in mind early in the process could be useful 

(Wolstenholme, 1999) for the proper integration of important structures that render these 

data. 

• Look for model validity by comparing model rendered data with real-world data (Lattimer et 

al., 2004). 

• One way to establish a baseline is to run the model for some time without any changes in 

demand or resources. The output data rendered can be used for comparison and contrast to 

mirror and evaluate different test scenarios (Lattimer et al., 2004). 

• Patient-related perspectives that are interesting to stakeholders and simulation result users 

need to be considered as these may demand the division of the patient group into cohorts 

of for example age and gender (Esensoy and Carter, 2018). Specific divisions may provide 

specific possibilities for simulation result analysis. 

4.4.1.4 Model Development 

Model development refers to the overall process of building a simulation model. 

• One way to render rich model development materials is to perform interviews with a wide 

range of individuals with some relationship to the system under study. This material can be 

used as a basis for the elicitation of a conceptual map of the system to be modeled. Next, 

the conceptual map can be sent out to the interviewees for annotation and feedback to be 
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used in developing the map even further. In this manner, a master conceptual map is slowly 

developed (Lattimer et al., 2004). 

• The translation from a conceptual model to an operational simulation model can be done 

iteratively, parallel to discussions and feedback with teams and experts (Lattimer et al., 

2004). 

• Multiple versions of the model can be created and fitted for different situations 

(Wolstenholme, 1999). 

• The real-world elements to be modeled such as, institutions, units, processes, flows, and 

activities could be described in rich text in the pre-modeling phase in a way that is suitable 

for modeling (Lane et al., 2000). 

• The dynamic hypothesis of the model should reflect the focus of the study (Lane et al., 

2000) and by doing so, it demands that the project focus is well defined. As frequent 

attenders are defined in diverse ways, extra work needs to be performed in order to render 

a project definition of the population. An established definition could adhere to any 

definition standardization attempt to enable meta-analysis between studies. Further, a 

decided project definition also helps to prevent specification drift later on as the project 

progress. Specification drift may demand reform and redesign of the model which can be 

costly in time and resources. 

• The design of the conceptual model can start with the creation of some tentative draft 

which can be used to design interview questions (Lane and Husemann, 2008) with the 

purpose to elicit system details moving the draft towards a more complete product.  

4.4.1.5 Model Boundaries 

Model boundaries refer to the control of what is modeled and not. 

• Arrival rates of patients can be hard to model due to complex origins and could be 

considered exogenous to the model (Rashwan et al., 2013) prompting the use of real-world 

data. If this data covers the intended simulation horizon, it could be implemented as is or if 

the simulation horizon is longer than available data covers, the data may be extrapolated. 
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• A whole-system healthcare system model could be built (Esensoy and Carter, 2018) in order 

to capture the fuller behavior of frequent attenders as they frequent all parts of the 

healthcare system. 

• Model boundaries can be managed with the aim to balance maximal coverage of care 

sectors while inhibiting inflation of model complexity (Esensoy and Carter, 2018). 

• When engaging in the process of setting system boundaries, decisions about variable origin 

is due, considering them endogenous or exogenous to the model (Esensoy and Carter, 

2018). The location and function of variables can mean different workloads and can place 

different demands on data or knowledge about the origin of the variables. 

4.4.1.6 Model Usage 

Model usage refers to different work a model can perform for its users. 

• A model can be used to translate understanding of a system to staff and it can also be used 
to gather and organize staff knowledge about the system (Lane and Husemann, 2008).  

• Model development can provide system transparency (Lane and Husemann, 2008). 

4.4.1.7 Parameterization 

Parameterization refers to the process where the model is fitted with the identified or developed 
data in the form of numbers or equations. 

• If a flexible design principle is feasible, the parameterization of the model could be 

connected to a user-adjustable panel (Esensoy and Carter, 2018). Frequent attenders is a 

diverse group and different perspectives on them may demand different model 

parameterization. An adjustable parameterization panel could provide a means for fast re-

parameterization if needed. 

4.4.1.8 Validation 

Validation refers to making sure the model corresponds well to the real system. 

• Setup the model to perform a warmup time before reaching a steady-state where the 

output it generates should match previously collected real-world base-case data. After this 

base-case data section is finished the model should start to render predictive data (Esensoy 

and Carter, 2018). 
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4.4.1.9 Model Documentation 

Model documentation refers to the recording of the model development process. 

• Rich descriptions of model materials facilitate understanding (Wolstenholme, 1999) and 

could be used by other modelers to influence their design. 

4.4.2 Healthcare 

4.4.2.1 Patient Flow 

Patient flow refers to the infrastructure of patient pathways and the patient behaviors within these. 

• Different segments of the patient population may exhibit different behavior why it may be 

feasible to divide the population into multiple flows, partly to render correct system 

dynamics and partly to allow for simulation result analysis according to specific patient 

segments (Diaz et al., 2015). The way in which to divide the patient population may be 

prompted by the amount of data available for different segments in order to minimize 

assumptions. 

• Patient flows could be designed using a “weighted” system where weight factors constrain 

and control the patient flows. Further, interventions can be implemented in a way that 

influences these weighted factors in different ways resulting in influence of the patient flow 

(Behr and Diaz, 2010, Diaz et al., 2015). 

• An early collection of data could be focused on data relevant to patient flow (Cooke et al., 

2010) as the patient flow is the model infrastructure and also a feasible subject for initiation 

of the conceptual model design. 

• One way to design a healthcare model is to elicit the different routes for patients and 

resources through the system. Later, adding the explicit factors that influence, constrain, 

and control the rate of flow of patients and resources along the routes. Finally, these explicit 

factors are adjusted using influential variables such as capacities, budgets, proportions, 

(Wolstenholme, 1999) and ratios. 

• Different patient segments with different characteristics may use different arrival patterns 

(Rashwan et al., 2013). Some characteristics associated with frequent attenders, such as the 

prevalence of mental health issues or chronic disease conditions could be assumed to 
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influence how the different segments may approach for example an emergency 

department. 

• Patient patterns, such as the healthcare system approaching or resource-demanding, may 

change as they get older (Rashwan et al., 2013). Sometimes frequent attenders are 

segmented by age which may have implications for model design if pattern changes are to 

be monitored and captured. 

4.4.2.2 Capacity 

Capacity refers to the capacity and availability of capacity of system elements. 

• Healthcare unit capacity is a phenomenon that can be high at the same time as its delivery 

can be marginalized meaning that it can’t be utilized properly (Cooke et al., 2010). An 

example is that an emergency department increases the number of staff at the same time 

as there is no increase in hospital beds, meaning that the staff capacity won´t render better 

throughput in the system. 

• Element capacities may fluctuate over time. One such fluctuation example is the different 

number of doctors in service in an emergency department during the different hours of the 

day and day of the week (Esensoy and Carter, 2018, Lane et al., 2000). 

4.4.2.3 Expert Panels 

Expert panels refer to individuals with expert knowledge in a relevant topic within the system being 
modeled. 

• To have experts and staff from a diverse number of fields to check each model assumption, 

element formulation, and parameter used (Lane et al., 2000) is preferable. 

• If important data only is available in an aggregated format, use assumptions based upon the 

opinions of experts in the field to decompose it (Rashwan et al., 2013). 

• Expert panels can be used for decisions when contrasting different modeling decisions in 

order to select the most reasonable approach (Esensoy and Carter, 2018). 

4.4.2.4 Emergency Department 

• Overcrowding is a common dynamic phenomenon at emergency departments and is related 

to the hospitalization of patients (Diaz et al., 2015). As frequent attenders often are 
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hospitalized the dynamics of emergency department overcrowding may be of importance to 

consider. 

• Overcrowding of an emergency department is a capacity modifying phenomenon and its 

structure is to be elicited by the formation of a conceptual model. Both an aging population 

and chronical illness seem to affect emergency department overcrowding (Cooke et al., 

2010) they are also characteristics associated with frequent attenders. 

4.4.2.5 Uniqueness 

Uniqueness refers to the unique features of every project, unlike generic features. 

• Structural circumstances and causes for specific phenomenon within a healthcare system 

differ from project to project (Lane et al., 2000) so be inspired by other projects but 

acknowledge the uniqueness of the project at hand and perform the work to design your 

unique model. 

4.4.3 Frequent Attenders 

4.4.3.1 Interventions 

Interventions refer to interventions performed towards frequent attenders in order to decrease visits 
to healthcare institutions. 

• Case management seems to be the intervention attracting most research interest when it 

comes to managing frequent attenders in reducing emergency department visits. Yet, the 

current evidence for its efficiency appears weak (Althaus et al., 2011, Moe et al., 2017, 

Moschetti et al., 2018, Poremski et al., 2016, Soril et al., 2015). One challenge in order to 

arrive at consistent evidence for case management efficiency is the diverse definitions of 

frequent attenders and study methodologies used in recent studies, making meta-analysis 

and comparison difficult. This situation is acknowledged (Kivelä et al., 2018) and future 

research may be conducted conforming to set definitions and methodologies. Until then, it 

may be suggested to consult local or national experts in close contact with this sort of 

intervention in order to assume it´s efficiency regarding the patient population. 

• Care plans do not seem to have any great impact on frequent attender emergency 

department visits (Althaus et al., 2011, Moe et al., 2017, Soril et al., 2015). As is the general 



33 
 

case with research regarding frequent attender interventions, it’s inconclusive and in order 

to assume its efficiency some experts should be consulted. 

• Geriatric interventions target elderly frequent attenders. The research shows some 

scattered effects pointing towards the location of interventions as an important factor for 

its efficiency, whereas inpatient geriatric interventions have little effect and outpatient 

geriatric interventions have a greater impact on emergency department utilization 

(McCusker and Verdon, 2006).  As with any other intervention towards frequent attenders, 

the existing research suffers from heterogeneity in methodologies, measures, and more, 

precluding meta-analysis. The suggested strategy is the development of assumptions about 

the intervention efficiency in consultation with experts. 

• Educational programs is another intervention that may influence frequent attenders. Study 

results are variable and inconclusive, some indicating no significant evidence for efficiency 

(Haroun et al., 2016, Smits et al., 2008) while others indicate significant evidence for 

efficiency (Bellón et al., 2008). Educational programs can vary in extent and more 

comprehensive interventions may be more efficient but may also cost more. 

• One way to approach the measurement of intervention efficiency in a healthcare model is 

to design the model in a way that it measures and monitors healthcare utilization level. 

Further, intervention could then be designed in a way that affects this factor. Interventions 

are then assumed efficient if they have the ability to decrease healthcare system utilization 

(Diaz et al., 2015). 

• Interventions may be designed in a way that when active they subtract resources from the 

implementation location, affecting capacity, and at the same time affecting the patient flow 

within the model (Diaz et al., 2015). Implementing interventions cost resources. Some 

interventions towards frequent attenders aim at redirecting them to use more appropriate 

non-urgent institutions, and if this is done, these non-urgent institutions may need to utilize 

more resources. 

• If one of the aims with the simulation project is to test implementation effects of 

interventions, these interventions may need to be elaborated early on in the project process 

as some interventions could influence model structure in major ways (Bruzzi et al., 2018). 
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Large structural changes in a complex model could lead to timely and costly model 

reconstruction.  

• Some interventions may induce new staff roles and new organizational units which may not 

be trivial (Bruzzi et al., 2018) prompting a method to evaluate their feasibility, perhaps by 

cost. 

• Design the model to easily allow for the addition of alternative patient routes and 

interventions (Wolstenholme, 1999). 

4.4.3.2 Characteristics 

Characteristics refer to specific features with some correlation to frequent attenders. 

• Characteristics could be used to develop diversified patient flows and patterns. Patients 

with, for example, mental health issues may possess different arrival patterns than patients 

with chronic disease conditions. 

• Patients can be coupled with specific conditions or characteristics which can be used to 

handle different patient segments differently (Bruzzi et al., 2018). For example, one could 

assume that frequent attenders with the characteristics of having mental health issues or 

multiple chronic diseases would partly approach a health institution in different ways as well 

as accessing service within these institutions in different ways. 

4.4.3.3 Demographic Shift 

Demographic shift refers to changes in population characteristics. 

• When dealing with populations, decisions about modeling and simulation of demographic 

population shifts could be guided by the project simulation horizon. There may be different 

needs depending on short, mid, or long term simulations. If changes in demographics are 

not significant, modeling them may be traded away for model simplicity (Esensoy and 

Carter, 2018). One segment of frequent attenders are outlined by the demographics of 

elderly people. This segment is growing due to shifts towards an aging population. This 

dynamic may be of importance depending on the project. 

4.4.4 Summary 
Suggestions are extracted from the data by reading articles and identifying feasible fragments then 

converting them into suggestions using the methodology described earlier in this project. The 
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suggestions are categorized into three groups and 17 topics. There is a total of 65 suggestions. The 

continuation of this chapter attempt to summarize these topics. As suggested by the high number 

of suggestion occurrences, data input is important. The model operates on data to generate the 

output utilized by the user. Suggestions indicate that there should be a correlation between 

important model elements and the quality of data used regarding these elements. Complexity is an 

issue with the modeling of complex systems. Actions can be taken to improve and try to control the 

complexity of models, both for the modelers but also for the user or result consumers. Output data 

is also important, both by being relevant to the phenomenon studied but also by being easily 

accessible to the users of the model. As model development often happens in a collaborative 

environment having good strategies on how to exploit the knowledge of individuals is important.  

When the model develops boundaries are drawn. They can be strategically drawn in order to utilize 

some existing data and also to exclude some less relevant or overly complex phenomenon from the 

model. Patient flow design is important and could heavily impact the scope of possible analysis. 

These flows may be complex and understanding different ways to design them may be feasible. 

System capacities heavily influence system and model behavior and need to be figured out and 

designed in a coherent manner. System information or data may be hard to get by and sometimes 

it's not recorded at all. In this case, which is the usual one, experts are important sources. When it 

comes to interventions on frequent attenders research is inconclusive. Some effects are seen so 

modelers are best of investigating current up to date research that closely resembles their unique 

case. Characteristics of patients could be used within the model to distribute patients within a flow 

infrastructure. To end this  
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5 DISCUSSION 
This chapter reflects on the results, their meaning, limitations, and implications. It also provides some 
reflections on a few suggestions, as a demonstration on how suggestions could be operationalized by 
reflecting and expanding on them. 

5.1 GENERAL DISCUSSION 

Applying system dynamics simulation in healthcare is not a new phenomenon. But it is during the 

last decade that a clearly increased interest can be observed by studying the frequency of system 

dynamics publications in the healthcare sector. As the challenges related to healthcare are many 

and varied, this new interest in system dynamics may possibly lead to a more efficient and 

expanded application of the simulation technology which can hopefully lead to contributions of 

solutions to these challenges. One thing that is missing in this situation is a well-described and 

comprehensive overview of the system dynamics activity in the healthcare field, as uncovered in 

this project. Such an overview could support model builders and problem owners partly by showing 

where already available material exists and which areas have already been exposed to the 

technology. Moreover, such an overview could point to gaps and areas for future research.  

When studying the literature, it is obvious that it is difficult to acquire a clear and coherent 

understanding of how to manage frequent attenders within healthcare in order to reduce their 

frequent attendance behavior. Although there seem to be ideas and thoughts about what 

interventions might possibly have an effect on the patient group behavior, the evidence for their 

effectiveness is very ambiguous. This means that the design of system dynamics models must rely 

on assumptions and information from experts instead of evidence-based research. To improve 

access to evidence-based material as a model base, future studies relating to frequent attenders 

must be consistent with the patient group's definition. Furthermore, the method selection and 

implementation of the studies need to be consistent with the ability to perform meta-analyses in 

order to achieve a better understanding of what interventions are effective and how frequent 

attenders flow through the healthcare system. 

When the search for system dynamics models that deal with the management of frequent 

attenders in healthcare began it became evident early on that this is an unexplored area. This 

specific healthcare simulation field contains a gap. As the challenge of frequent attenders is likely to 

worsen, filling this gap could be important; the use of any technology that can contribute to this 

mission is necessary, and system dynamics seem to have the potential to contribute. 
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As specific models on the subject were not available, this project attempts to show that it can be 

possible to obtain useful information from other modeling projects, even with a somewhat 

different focus. The suggestions identified from these projects, with related focus, cannot reveal 

and inform us much on specific details on the construction or features of a frequent attender 

management simulation model, but the information may be useful in a more general way.  

 

5.2 REFLECTION ON A FEW SUGGESTIONS 

One of the suggestions addresses early text descriptions of the target system elements to be 

modeled. Elements should be described in a way that is easy to translate into a model. It may 

happen that those who build the model and the problem owners are rooted in different 

terminologies and different paradigms for the description of problems. Early crafting of common 

descriptions can help to create understanding and bridge these terminologies and paradigms and 

create a common language. After some descriptions, the problem owners may begin to describe 

their problems from a perspective where the power of simulation technology becomes the obvious 

solution. In other words, problem owners may become more efficient in describing their problems 

in a way that make it more clear how simulation technology is a tool to resolve it. 

Another suggestion deals with the design of patient flows through the use of a weighted system. 

Patient routes are established and the flow itself is designed and controlled by weighted factors. 

The advantage of such a system is that properly designed, additional weighted factors can easily be 

added, for example, interventions. These interventions can affect the weight of the system and 

thus influence the patient flow. In yet another step, these weights may be affected by additional 

elements. Designed correctly, this can lead to a clear and easily adaptable model where the 

dynamics of the patient flow itself becomes more visible than if it is controlled by hidden algorithms 

and equations. 

Since the current evidence situation for interventions on managing frequent attenders is unclear, 

one needs to base the model on other information. Experts are the second option. One of the 

suggestions concerns the use of experts throughout the whole model development process and not 

just during the conceptual stage, which seems to be the most common strategy. Experts can 

certainly often be busy but can advantageously participate in the creation of both the conceptual 

and the operational model if possible. Further suggestions are about how the model can be 

segmented in different ways, which can be a way of exposing some experts only to model parts 
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related to their expertise without having them to familiarize themselves with the complexity of the 

whole model. In other words, if you do not have access to much evidence-based material but are 

dependent on experts, this situation can affect how to build the model; one can build the model in 

a way that facilitates cooperation with experts and ensures that the transfer of the experts' 

knowledge to the model is optimized. 

 

5.3 LIMITATIONS 

This project set out to identify and present suggestions to consider when engaging in the process of 

developing a system dynamics model for frequent attenders in healthcare. As no model like this has 

been published, to the best of the author’s knowledge, suggestions have been extracted from 

projects with a model within topic proximity. Herein lies the challenge of generalization between 

models from one area to another, which is a non-trivial task. This type of analysis is not performed. 

Also, the weakness of the evidence for the material concerning frequent attenders management 

makes it hard and unwise to render very specific suggestions about the management of frequent 

attenders why this is also absent. This means that most of the suggestions are rather general in 

nature. Another limitation is the absence of a framework for judging the usefulness of the 

suggestions. This situation makes it impossible to argue for their explicit value. Concerning the 

methodologies used, only one database is used which may have resulted in missed materials. Also, 

no software was used for the data analysis process. The use of such could have sped up the process 

leaving more time to find and extract suggestions. 
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6 CONCLUSIONS AND FUTURE WORK 
This chapter summarizes the project conclusions and mentions implications for future work. 

The application of system dynamics modeling and simulation seems to be a growing trend. At the 

moment there is no detailed overview of the areas, problems, and topics that have been targets for 

system dynamics simulation in the healthcare field. Such an overview could be the target for future 

work and may be useful for modelers, problem owners, and other stakeholders within the 

healthcare domain. 

This project could not identify any system dynamics models for managing frequent attenders in 

healthcare, which reveals a simulation gap within an important and urgent subject. Future work of 

modeling and simulating the management of frequent attenders could be an important measure in 

the task of finding useful solutions to the management of frequent attenders in healthcare.  

One condition for designing useful models is reliable base material, which is currently difficult to 

access when it comes to the management of frequent attenders in healthcare. Within the research 

literature, the definition of the patient group and the efficiency related to targeted intervention is 

ambiguous, and modelers may have to resort to other sources for input data to their models, which 

may mean more assumptions when incorporating frequent attenders and related interventions into 

a model. Expert consultations and assumptions can generate sufficient model data depending on 

the scope and objectives of a project. But, material based on evidence supported by research is 

likely to be preferable in any situation and should be a target for future work. In addition, a 

coherent body of scientific work can be exposed to meta-analysis in order to reach a deeper 

understanding of the management of frequent attenders and allow for the synthesis of conceptual 

frameworks which is a necessity for topic maturation. A situation like that could contribute to a 

more synchronized and joint effort by the healthcare and research community to tackle the variety 

of problems associated with frequent attenders within healthcare.  

This project sets out to analyze the research literature regarding the management of frequent 

attenders in healthcare in order to extract suggestions to consider when building a system 

dynamics simulation model on the topic. Since the parts of the literature concerning frequent 

attenders interventions are ambiguous, it is difficult to extract concrete suggestions for effective 

management interventions. Furthermore, no research material related to the handling of frequent 
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attenders using system dynamics modeling was found, so related material has been integrated into 

the analysis in its place. Suggestions were extracted from this material and may be useful in varying 

degrees. The collection of specific details that could be used for specifically modeling the 

management of frequent attenders in healthcare is a case for future research. 
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