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A B S T R A C T   

This paper presents a conceptual hybrid model that embodies a synergistic approach by integrating principles 
from operations research (OR) with steps from the design science research methodology (DSRM). The model is 
applied to develop an evacuation support system for a group of hospitals located in Western Sydney, Australia, 
exposed to the risk of floods induced by climate change. By combining these two approaches, the conceptual 
hybrid model effectively overcomes the limitations associated with traditional DSRM and provides a compre
hensive research framework for addressing OR problems. The research findings hold significant implications for 
academia, professionals, and policy makers engaged in the field of disaster risk management. Moreover, this 
study offers valuable insights into enhancing the effectiveness and efficiency of OR-based solutions in practical 
scenarios, thus contributing to the advancement of knowledge in this area.   

1. Introduction 

Science encompasses two broad schools of thought: formal and 
empirical [26]. Formal sciences centre around the deductive testing of 
formal hypotheses and theories without considering their applications in 
reality or to human beings [4]. Conversely, empirical sciences depend 
on observations to establish new theories and phenomena by studying 
their actual occurrences in the real world [6]. The two main branches of 
empirical sciences are (i) natural sciences, which aim to describe, 
comprehend, and predict natural phenomena using empirical evidence 
from observations and experiments, and (ii) social sciences, which 
examine societies and the relationships among individuals within those 
societies [7]. However, the objectives of natural and social sciences may 
not necessarily coincide with those in applied fields such as the engi
neering aspect of disaster science, which centres around the creation of 
artefacts and solutions for solving real-life problems, such as hospital 
evacuation planning, in the most effective and efficient way, often 
considering the perspectives of multiple stakeholders who may have 
conflicting and divergent interests [25]. 

The progression of emerging fields of research such as disaster sci
ence has redefined the boundaries of science and led to an increase in 

multidisciplinary research [22]. For instance, disaster science previously 
only focused on social science perspectives, but with the integration of 
new technologies and the emergence of decision science, it has under
gone a transformation and created branches that utilise decision-making 
methods such as operations research (OR) [27,30]. The progress of 
disaster science knowledge necessitates tackling real-world scientific 
challenges and devising practical solutions that cater to diverse stake
holder groups [16,20]. Therefore, the research methodologies employed 
in this field must be designed to capture the intricate nuances and 
complexities inherent in such scenarios. 

The use of OR as a scientific methodology for decision-making and 
problem resolution in disaster science is widespread [33–35]. This 
approach employs mathematical modelling and computational tech
niques to assess complex problems and identify optimal solutions within 
the realm of disaster management [8]. The systematic nature of OR 
provides a foundation for informed decision-making in disaster science 
and improves the efficiency and efficacy of disaster response and re
covery efforts by serving as a guide for disaster management agencies 
[39]. However, despite the widespread use of OR, there is a scarcity of 
established research methodologies for the application of these tech
niques in practice, particularly in the realm of disaster response strategy 
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development. To address this challenge, a modified Design Science 
Research Methodology (DSRM) has been developed, based on the 
principles of OR. 

The DSRM is based in the design sciences and is a structured and 
systematic approach that is commonly used to conduct research and 
develop design solutions for addressing real-world problems [21]. 
However, its structured and sequential process may lead to limitations in 
complex and dynamic problem domains, such as those encountered in 
the realm of disaster management [1]. Despite the strong emphasis on 
design and development, the DSRM approach may overlook other 
crucial aspects such as implementation, deployment, and validation and 
verification of disaster management solutions. In addition, the DSRM 
approach may not encompass all crucial components, such as data 
analysis, mathematical modelling, and simulation, that are integral to 
OR. Moreover, it may not offer sufficient techniques for evaluating the 
actual impact and efficacy of the proposed solutions in real-world 
settings. 

In this study, to overcome the limitations discussed above of both the 
OR and DSRM approaches in complex and dynamic problem domains 
such as disaster management, the authors present an integrated OR and 
Design Science Methodology that merges the strengths of traditional 
DSRM and OR methodologies. The efficacy of this novel hybrid meth
odology for resolving complex dynamic problems in real-world settings 
is demonstrated in this paper through reporting the results of research 
where it was employed in the field of disaster science, specifically in the 
creation of a mathematical evacuation support system for a set of hos
pitals facing serious climate change flooding risk in Western Sydney, 
Australia. Many hospitals in Australia are built in flood-prone areas and 
as flooding risks increase with climate change, there is a recognised need 
for more research into the way in which vulnerable patients are evac
uated from such facilities in the future [37]. 

The rest of the paper is organised as follows: Section 2 provides a 
historical overview of research methodology development and discusses 
the DSRM approach. Section 3 discusses the merging of the DSRM and 
OR steps into a hybrid methodology. Section 4 offers a summary of the 
research design, including the methods for modelling, data collection, 
and analysis, and demonstrates how the study meets the criteria for a 
good “design science” study. Section 5 provide managerial insights. In 
Section 6, the outcomes of the modelling process are presented, and 
practical suggestions are given for applying the proposed research 
methodology. 

2. The DSRM approach – a critical review 

Fuller and McHale [40] introduced the concept of design science, 
which underpins the DSRM methodology. However, the design sciences 
only became legitimised after Simon [25] formative paper entitled “The 
Sciences of the Artificial,” which classified design problems as artificial 

(human-made) challenges, as opposed to those generated by and asso
ciated with the natural world. The field of design science was subse
quently developed further by researchers such as Takeda et al. [29], 
Nunamaker et al. [18], Walls et al. [32], March and Smith [14], Romme 
[24], and Hevner et al. [9] in the field of information systems and en
gineering. As design science research in different fields of engineering 
has evolved, it has also found application in other research fields, 
including business and e-commerce [3], management [31], accounting 
[5], and the built environment [1]. DSRM was widely used in these 
various fields in response to criticism that some communities were 
suffering from a lack of practical application of scientific knowledge. 

According to Peffers et al. [21], the fundamental and distinctive 
characteristic of the DSRM methodology is the development of practical 
artefacts and solutions to address real-world issues. These artefacts are 
designed to embed solutions to well-defined research problems, as they 
represent any object that has been intentionally designed to tackle a 
particular issue. March and Smith [14] and Hevner et al. [9] classify 
DSRM outputs or design artefacts into four categories, namely: con
structs; models; methods; and instantiations (see Fig. 1). 

Geerts [5] perceives relevance and novelty as two key characteristics 
of the DSRM methodology. Relevance indicates that the artefact must 
solve important and pertinent business problems. Novelty relates to the 
solution addressing problems in a unique and innovative way [9]. 
Peffers et al. [21] propose a DSRM approach which involves sequential 
activities as depicted in Fig. 2. These include: (1) problem identification 
and motivation; (2) defining the objectives of a solution; (3) design and 
development; (4) demonstration; (5) evaluation; and (6) 
communication. 

Peffers et al. [21] describe the first stage in Fig. 2 as the stage in 
which the motivation for the research is described, and the under
standing and importance of the significance and relevance of the prob
lem are clarified. The second stage addresses the question of how the 
problem should be solved and specifies the criteria that the proposed 
solution must meet in order to be considered successful [5]. DSRM's 
third stage involves the design, development, and implementation of an 
artefact, the development of the artefact's architecture, its main func
tions, and the steps needed to develop it. To accomplish this step 
effectively, researchers should use existing theoretical knowledge to 
propose artefacts that assist in problem-solving. After the artefact has 
been developed and designed, it should be demonstrated that it is 
capable of solving the identified problem. As a result, during the fourth 
phase, the use of the designed artefact is investigated using a prototype 
implementation. During this stage, experimentation, demonstration, 
simulation, case studies, proof, or any other appropriate activity may be 
conducted [19]. 

DSRM's fifth step is evaluation, where researchers seek to discover 
appropriate answers to the research question and assess how well the 
artefact works in practice. This phase involves comparing the observed 

“Conceptualization used to describe problems 
within the domain and to specify their solutions”

“A set of propositions or statements expressing 
relationships among constructs”

“A set of steps (an algorithm or guideline) used to 
perform a task”

“Realization of an artifact in its environment 
which Operationalises constructs, models, and 

methods”

Artefacts

Constructs

Models

Methods

Instantiations

Fig. 1. Four types of artefacts in DSRM (Source: [14]).  
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results of the artefact's performance with the objectives established in 
phase two of the DSRM. Researchers can modify the artefact or design 
and develop a new one if the observed results do not match what was 
expected. An understanding of relevant metrics and analysis methods is 
required for effective evaluation [21]. 

The final ‘communication’ stage of the DSRM approach requires re
searchers to communicate the problem and its importance, the artefact 
as the proposed solution, and the utility, novelty, and effectiveness of 
the solution to other researchers and practitioners in the field as well as 
any other interested parties. Dissertations, journal articles, reports, 
conference presentations, and other formats of research dissemination 
are all possible forms of DSRM communication [19]. 

In DSRM, the activities in Fig. 2 are organised rigorously and itera
tively with the goal of designing and evaluating artefacts in response to 
identified problems. Though the DSRM activities are presented in a 
sequential order, Peffers et al. [21] indicate that the research method 
can be applied differently, and its starting point can be modified 
depending on the type of identified problem, the research objective, and 
the researcher's insights. In other words, research based on the DSRM 
does not have to start at phase one and end at phase six. 

3. Synergizing DSRM and OR methodologies to develop new 
research methodology 

Many studies utilise OR approaches to model and solve real-world 
problems. This includes developing mathematical models and propos
ing solutions using a variety of OR tools and techniques. By using 
advanced analytical methods, techniques, and tools, OR aims to improve 
decision-making in complex real-world situations. In practice, OR is 
implemented following the phases described by Taha [28]:  

1. Problem Definition: This is the first step in which the scope of the 
problem is clearly defined. It comprises three main stages: (i) 
description of the various decision variables, (ii) determination of 
the objective that the study sets out to achieve, and (iii) specification 
of the constraints or limitations under which the system being 
modelled operates.  

2. Model Construction: This phase involves transforming the problem 
definition into mathematical relationships using available methods. 
In certain instances, it may be necessary to combine a variety of 
models—mathematical, simulation, and heuristic—to effectively 
solve the decision problem.  

3. Model Solution: This phase is typically the most straightforward 
aspect of OR, as it employs well-established algorithmic techniques. 
A key component of this phase is sensitivity analysis, which is the 
process of acquiring additional information about the behaviour of 
the optimal solution when specific parameters change.  

4. Model Validity: The validity of a model is gauged by its effectiveness 
in predicting the behaviour of the system being studied. A common 
way to validate a model is to compare its output with historical data. 
If the model can accurately reproduce past performance under 
similar input conditions, it is deemed valid. However, it's important 
to remember that a valid model does not guarantee future perfor
mance will align with past performance. In cases of uncertainty, 
simulation can be used as an independent tool to verify the mathe
matical model's output.  

5. Implementation: The final stage involves transforming the validated 
model solution into comprehensible operating instructions. These 
instructions are then issued to those who will operate the system. 

Fig. 3 illustrates how OR stages map to the process model of the 
selected DSRM. The combination of OR and DSRM can yield significant 
benefits for problem-solving. By integrating these methodologies, re
searchers gain a holistic, quantitative, and user-centred perspective on 
problem resolution. It also optimizes outcomes, ensuring solutions meet 
user needs while remaining within established constraints. This com
bination supports innovation by bridging problem-solving with solution 
design, encouraging creativity and interdisciplinary collaboration. It 
also fosters flexibility in the research process, allowing for the explo
ration of various solution pathways and the potential for novel discov
eries. Therefore, the integration of OR and DSRM can lead to more 
effective, innovative, and adaptable solutions to complex problems. 
Green boxes represent operational research steps, whilst grey boxes 
represent DSRM activities. Peffers et al. [21] DSRM model describes 
problem identification, objective definition, design, development, 

Identify Problem & 
Motivate

Define problem
Show importance

Define Objectives of 
a Solution

What would a better 
artefact accomplish?

Design & 
Development

Artefact

Demonstration

Find suitable Context

Use artefact to solve 
problem

Evaluation

Observe how 
effective, efficient

Iterate back to design

Communication

Scholarly Publications

Professional 
publications

Fig. 2. DSRM process model (Source: [21]).  
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Fig. 3. Mapping of OR stages to the process model of the selected DSRM.  
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demonstration, evaluation, and communication. 
Fig. 4 demonstrates the mapping of these two procedures into four 

sections, signifying the foundation for a new Integrated OR and Design 
Science Methodology. The first box represents the conceptual phase, in 
which, within the OR phases, only “definition of the problem” has been 
identified. Meanwhile, within DSRM, it encompasses two boxes: “iden
tifying the problem and motivation” and “defining objectives of a so
lution”. During this phase, the research problem is defined, as are the 
objectives of the study.  

The second box pertains to the design of the artefact. In DSRM, only 
one box is outlined for this phase, whereas in OR studies, as depicted in 
Fig. 4, the solution approach is presented after the model is constructed. 

The boundary between the fourth and fifth boxes is somewhat 
difficult to delineate in both procedures; hence, these boxes are mapped 
together. Both procedures aim to test the developed model and evaluate 
the results to ensure that there are no concerns regarding the reliability 
of the results. 

There is only one box in the final mapped section that belongs to 
DSRM, which pertains to “communication”. 

Each phase of this new hybrid methodology is described in detail 
below (See Fig. 5): 

The Conceptual Phase: This initial phase of research, termed the 
conceptual phase, is a critical step in defining the research problem, 
outlining the research aim and objectives, and determining the study's 
requirements. Various methods, including literature reviews, stake
holder interviews, and observation, may be employed to define the 
research problem, identify knowledge gaps, and gain valuable insights 
into the target population or industry. During the conceptual phase, 
decision variables, which are the model inputs representing the re
searcher's control over the study, should also be defined. These variables 
are crucial as they can substantially influence the research outcome. In 
addition to decision variables, it's crucial to establish the study's objec
tive, which should adhere to the SMART (Specific, Measurable, 

Achievable, Relevant, and Time-bound) criteria [41]. The objective 
should align with the research problem and provide a clear focus for the 
study. Specifying the constraints under which the modelled system 
operates is another critical step during the conceptual phase. Constraints 
are limitations on decision variables that can influence the research 
outcome and may be resource-based, policy-based, or technology-based. 
These constraints can significantly affect the research's feasibility and 
should be carefully considered when designing the study. 

Design and Development: The Design and Development Phase is a 
pivotal stage in the research methodology, as it requires the researcher 
to translate their understanding of the decision problem into a mathe
matical model-based solution. This involves developing a comprehen
sive understanding of the problem by collecting and analysing all 
relevant data from the previous phase. Once the problem is defined, the 
model is constructed using mathematical equations that simulate the 
real-world problem. Model construction involves identifying decision 
variables, defining the objective function, and formulating constraints 
that mirror the limitations of the real-world problem. Additionally, 
constructing the mathematical model involves selecting appropriate 
optimisation techniques and developing the model itself. After the 
model is constructed, the subsequent stage involves devising a meth
odology to solve it. This solution methodology can take the form of an 
algorithm, a set of procedures, or a combination of both, that aids the 
decision-making process. The chosen method should be robust enough 
to handle different scenarios and flexible enough to accommodate 
changes in the model's input parameters. The researchers need to vali
date the model and the solution method to ensure they are reliable and 
accurate. The model's assumptions and the solution method's robustness 
are tested by analysing the sensitivity of the solution to changes in the 
input parameters. The researchers also verify the model's results by 
comparing them with actual data from the real-world problem. 

Evaluation Phase: The evaluation phase of developing a model or 
solution method involves collecting or generating relevant data, testing 

Conceptual Phase Design and development phase Evaluation Phase Communication phase

Fig. 4. A New Integrated Operations Research and Design Science Methodology.  

Fig. 5. The Proposed Research Methodology.  
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the artefact against benchmarks or real-world cases, implementing the 
artefact into applications, and presenting the results for expert review. 
This comprehensive approach helps ensure that the artefact is effective 
and reliable in solving the problem at hand. In the evaluation phase of 
developing a model or solution, it's vital to collect or generate suitable 
data to test the artefact's accuracy and effectiveness. The data can be 
sourced from real cases, interviews with individuals, historical data, or 
via simulation techniques that generate random data. It's essential to 
ensure that the collected or generated data are relevant to the problem 
being solved to yield meaningful results. Once the data is available, 
testing of the model or solution method can begin. This testing involves 
applying the model or solution method to the data to generate results. 
The obtained results are then compared to benchmarks or real-world 
cases to assess the model's validity. This comparison serves to evaluate 
the artefact's accuracy and to identify areas for improvement. Following 
testing, the model or solution method is implemented into applications. 
This process involves incorporating the artefact into systems or pro
cesses that will use it to solve real-world problems. It necessitates careful 
consideration of the artefact's limitations and the potential impact of its 
use in practical applications. It is also essential to present the results to 
an expert or a team of experts for review and validation of the artefact's 
effectiveness. This review process helps identify any potential biases or 
limitations in the model or solution method and aids in ensuring that the 
artefact is reliable and effective in solving the problem at hand. 

Communication Phase: Effective communication is essential in the 
research process to disseminate findings and results accurately to the 
intended audience. The communication phase consists of two critical 
activities: writing the research report and presenting the research out
comes. To convey research outcomes effectively, a well-structured 
research report is needed, employing clear and concise language that 
is objective. This report should include an executive summary, intro
duction, methodology, results, discussion, and conclusion. Similarly, 
presentations should be organised and utilise suitable language and vi
sual aids to provide a comprehensive understanding of the research 
outcomes. Obtaining feedback from the audience is critical for effective 
communication. Feedback can aid in improving the artefact and iden
tifying future research directions. This feedback can be received through 
various means such as peer reviews, audience feedback during pre
sentations, and post-publication discussions. Incorporating feedback can 
enhance the quality and impact of the artefact, as well as highlight areas 
for future research. Conducting the communication phase ethically and 
professionally is paramount. The research results must be presented 
accurately and objectively, with any potential biases or limitations 
acknowledged. Respecting the privacy and confidentiality of research 
participants is crucial, as is obtaining their informed consent before 
sharing any information about them. Furthermore, it's essential to 
inform researchers and relevant audiences about the problem's signifi
cance, the utility of the artefact, and its novelty. This process can serve 
as a framework for scholarly research publications, akin to the con
ventional structure of a typical empirical research paper. To communi
cate effectively, understanding the disciplinary culture is necessary, and 
a well-structured research report and presentation can facilitate this 
process. 

4. Case study 

This section demonstrates the application of an integrated operations 
research and design science methodology in disaster science. Specif
ically, it presents a mathematical model for the evacuation of Western 
Sydney hospitals, in Australia threatened by climate change-induced 
floods. The model, which integrates a flood simulator and a time- 
dependent shortest path method, is designed to optimize evacuation 
time, considering various constraints. A Benders decomposition 
approach is proposed to solve the problem, please see [38]. 

4.1. Case study context 

The Hawkesbury-Nepean River region in Western Sydney, Australia, 
known for its high flood risk, faces heightened exposure due to urban 
development and potential climate change impacts, influencing rainfall 
extremes and patterns [11,15]. Figs. 6 and 7 illustrate the impact of a 
500-year flood on Penrith and Windsor. 

The region's unique ‘bathtub’ topography, characterized by large 
upstream catchments, narrow downstream gorges, and a single outlet at 
Sackville Gorge, facilitates rapid, substantial flooding [10](See Fig. 8). 
Unlike most river valleys, this region doesn't expand near its mouth, 
exacerbating flood levels. 

The Hawkesbury-Nepean valley's unique geography can lead to 
extensive damage to crucial infrastructure such as roads, bridges, and 
healthcare facilities during major floods [23]. It also hinders safe and 
timely evacuation due to limited road capacity . Many local health fa
cilities are established within flood-prone zones, making them particu
larly vulnerable. 

4.2. Conceptual phase 

Through the performance of a systematic literature review, pre
liminary requirements for developing the model were ascertained, 
encompassing decision variables and parameters. The research 
comprised two steps: defining keywords and retrieving relevant litera
ture and analysing the content of the papers. The examination of existing 
studies involved conducting an electronic desktop search using struc
tured keywords and excluding records unrelated to hospital evacuation. 
A subcoding framework for hospital evacuation models was proposed, 
taking into account scenario and problem characteristics, evacuation 
modelling objectives, and applied solution methods (see: [36]). The 

Fig. 6. The impact of a 1-in-500-year flood at Penrith (of comparable magni
tude to the largest flood on record—the 1867 flood). Source: Infrastructure 
NSW [10]. 

Fig. 7. The impact of a 1-in-500-year flood at Windsor (of comparable 
magnitude to the largest flood on record—the 1867 flood). Source: Infrastruc
ture NSW [10]. 
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model integrates patient transportation, evacuation resources, hospital 
types, and travel times. Evacuation objective encompass time factors. 
Limitations, research gaps, and model requirements were identified 
during this phase, leading to the formulation of research questions based 
on the literature review summary. 

4.3. Design and development phase 

Generally, the design and development phase consists of two steps: 
“Methodology of the model formulations” and “Methodology of solution 
method approaches.” In the first step, mathematical methods used for 
modelling the hospital evacuation problem are discussed, followed by 
an explanation of the solution approach used in this study. Neumaier 
[17] defines modelling as “the art of translating problems from an 
application area into tractable mathematical formulations whose theo
retical and numerical analysis provides insight, answers, and guidance 
useful for the originating application.” A real-world problem or situation 
can be simplified by using a mathematical model, converting it into a 
mathematical form. This model can then be solved using mathematical 
tools, and the obtained solutions are interpreted in real terms. The 
mathematical modelling process is illustrated in Fig. 9. 

As shown in Fig. 9, the modelling process started with a real-world 
problem: developing a decision support system for evacuating hospi
tals. Our goal was to solve this problem. At the modelling stage, vari
ables, constraints, and assumptions were identified, and relationships 
between variables were defined. In this process, formulating the model 

was the most challenging step. After developing the model, the next step 
was to find an appropriate technique for solving it. Subsequently, the 
results of the model were interpreted within the context of the real- 
world problem, and the solutions were compared to the data. 

In [37], the findings of this section were published. The researchers 
presented a robust possibilistic programming optimization model to 
design a mathematical model that addresses the uncertainties associated 
with hospital evacuation during floods. To tackle the complexity of a 
practical hospital evacuation system, the researchers developed a 
Benders-Decomposition approach as part of their solution methodology. 

4.4. Evaluation phase 

Case studies were used to demonstrate the developed artefact 
following the design phase. A set of hospital exposed to a potential risk 
of major floods were used as a case study to demonstrate the feasibility 
of the developed artefact. 

4.4.1. Collecting data and utilizing data resources 
The required data can be classified into two categories. The first 

group pertains to flood simulation, where topographic and rainfall data 
available on the Geoscience Australia and Bureau of Meteorology web
sites, respectively, are collected. A simulation software program gener
ates flood scenarios for the disruption of the road network, and data for 
various scenarios are imported into a mathematical model. Other data 
required for flood simulation includes hospital capacities obtained from 
the Australian Private Hospitals and the Australian Institute of Health 
and Welfare. The Bureau of Meteorology's reports were used to deter
mine the evacuation time horizon, and evacuation routes identified by 
the NSW State Emergency Service. The case study's street network was 
created using OpenStreetMap data. The Bureau of Meteorology, Road 
and Maritime Services, Geoscience Australia, OpenStreetMap, Austra
lian Institute of Health and Welfare, and Infrastructure NSW are some 
publicly available resources used in the study. 

Road-based movements are deemed the most effective for evacuating 
residents, given the 12.5–13.5 m cut in the Richmond railway line near 
Vineyard, which limits rail-based evacuation in the Hawkesbury local 
government area flood islands. The Richmond Air Force Base provides 
only limited evacuation capabilities, confined to some critical areas 
[11]. The current capacity of roads is inadequate for quick and safe 
evacuation, especially in localities with shared and packed road net
works, posing a significant threat to people's lives during flood disasters. 
Therefore, it is essential to evaluate access roads to flooded areas [11]. 

Real-world problem

Real-world solutions

Mathematical problem

Interpret solutions

Compare with data

Make assumptions

Solve equations

Formulate equations

Model 
formulation

Model refinement

Model 
interoperation

Real-world Mathematical Model

C
onstructing m

odel
Solving m

odel

Fig. 9. The modelling process adopted from Ang [2].  

Fig. 8. The “bathtub” effect in the Hawkesbury-Nepean valley near Penrith. 
Source: https://www.ses.nsw.gov.au/ 
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The government websites provide publicly available reports nominating 
routes for area evacuations to support flood operations, along with their 
predicted level of interruption (See Fig. 10). 

4.5. Communication phase 

Upon completion of the research, the findings are disseminated 
through peer-reviewed journals. Additionally, all published outputs will 
be made accessible through open access databases to ensure the study 
reaches the broadest possible audience. This stage also involves dis
cussing future recommendations and limitations of the research. 
Research works conducted using this methodology have been published 
as [37,38]. 

5. Managerial insights 

In today's rapidly evolving and unpredictable business environment, 
relying on conventional problem-solving approaches is proving insuffi
cient. The groundbreaking research on the integration of Operations 
Research (OR) with Design Science Research Methodology (DSRM) in 
hospital disaster management serves as a beacon, demonstrating the 
potency of hybrid methodologies. For modern managers, this implies a 
paradigm shift. The fusion of OR and DSRM underscores the value of 
interdisciplinary solutions. It's a call for managers to step out of their 
domain silos and embrace insights from diverse fields, aiming for a 
holistic resolution to challenges. This hybrid approach stands out 
especially in dynamic scenarios, like disaster management, where 
traditional static models may fall short. It offers managers a chance to 
continually adapt and refine their strategies based on the situation at 
hand. Furthermore, the integration highlights a pivotal managerial 
lesson: every methodology has its limitations. By amalgamating two or 
more distinct approaches, inherent constraints of one can be mitigated 
by the strengths of another. However, the success of such a robust 
approach demands seamless collaboration between stakeholders. Using 
the hospital scenario as an example, effective evacuation mandates co
ordination between hospital staff, emergency responders, and local au
thorities. Hence, managers must proactively establish and nurture these 

critical partnerships. Lastly, the evolutionary nature of hybrid models 
emphasizes the importance of continuous learning and iteration. They 
aren't static but evolve with each application, necessitating managers to 
be receptive to feedback and ready for iterative refinements. In essence, 
the era of integrative decision-making has dawned, pushing managers to 
the forefront of interdisciplinary collaboration, ensuring their organi
zations' resilience and adaptability in a tumultuous landscape. 

6. Conclusion 

The use of OR methods in disaster science studies has become 
increasingly prevalent. However, the existing literature has identified a 
lack of structured research methodology for creating a robust process in 
this domain. To address this gap, a paper proposes an integrated OR and 
DSRM for developing a mathematical model using OR techniques. To 
demonstrate the application of this methodology, a case study was 
conducted on the development of a Mathematical Based Evacuation 
Support System for healthcare provision during major floods in Western 
Sydney, Australia. The case study involved testing and validating the 
system using the proposed research methodology. The results of the case 
study demonstrated the effectiveness of the proposed methodology and 
its potential to improve disaster management planning and decision- 
making processes. 

The integration of OR and DSRM offers significant advantages in 
problem-solving and solution design. By combining these two method
ologies, researchers can take a holistic approach to solving complex 
problems, optimize solutions to meet user needs, bridge the gap between 
problem-solving and solution design, foster collaboration among 
different disciplines, and provide flexibility in the problem-solving 
process. This integration has the potential to create more innovative 
and cost-effective solutions that are efficient, user-cantered, feasible, 
viable, and desirable. It can contribute to the advancement of various 
fields, including engineering, computer science, and business, while also 
helping decision-makers make better choices by quantifying the poten
tial outcomes of different alternatives. 

While the integrated OR and DSRM methodology presented in this 
study offers valuable insights and practical applications, there are 

Fig. 10. The floodplain evacuation routes in the Hawkesbury-Nepean valley, along with the corresponding flood level (measured in meters above mean sea level 
(AHD)) at which the routes become impassable, were taken from [42]. 
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limitations that should be considered. Firstly, the case study focused on 
hospital evacuation during severe flooding in the Western Sydney re
gion, which may limit the generalizability of the findings to other types 
of disasters or geographical locations. Future research should evaluate 
the methodology's effectiveness in diverse contexts to ensure its broader 
applicability. 

The study utilized publicly available data sources, which may have 
limitations in terms of accuracy, completeness, and timeliness. Future 
research should explore accessing more comprehensive and real-time 
data sources to enhance the reliability and validity of the modelling 
and decision-making processes. Additionally, the scalability of the 
methodology to a larger number of facilities or different healthcare 
systems needs further investigation. The performance and efficiency of 
the methodology in different scenarios should be explored. 

Building on the foundation of this study, future research can further 
advance the integrated OR and DSRM methodology in disaster man
agement. One potential direction is to incorporate a broader range of 
disaster types, such as earthquakes, wildfires, or pandemics, to assess the 
methodology's adaptability and effectiveness across different contexts. 
Exploring the integration of emerging technologies, such as artificial 
intelligence, machine learning, and data analytics, can enhance the 
methodology's capabilities in data-driven decision-making and real-time 
monitoring. 

Furthermore, stakeholder engagement, collaborative decision- 
making, and participatory approaches should be emphasized in future 
research. Involving various stakeholders, including government 
agencies, emergency responders, and community members, is crucial to 
ensuring the practical relevance, acceptance, and effectiveness of the 
methodology in real-world disaster management scenarios. 

CRediT authorship contribution statement 

Maziar Yazdani: Conceptualization, Methodology, Validation, 
Formal analysis, Investigation, Data curation, Writing – original draft, 
Writing – review & editing, Visualization, Project administration. 
Martin Loosemore: Conceptualization, Methodology, Validation, Data 
curation, Writing – review & editing, Supervision, Project administra
tion. Mohammad Mojtahedi: Conceptualization, Methodology, Vali
dation, Data curation, Writing – review & editing, Supervision, Project 
administration. David Sanderson: Conceptualization, Methodology, 
Validation, Data curation, Writing – review & editing, Supervision, 
Project administration. Milad Haghani: Conceptualization, Methodol
ogy, Validation, Data curation, Writing – review & editing, Supervision, 
Project administration. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Data availability 

Data will be made available on request. 

References 

[1] Amirebrahimi S. A framework for micro level assessment and 3D visualisation of 
flood damage to a building. Doctoral dissertation. University of Melbourne, 
Department of Infrastructure Engineering; 2016. 

[2] Ang KC. Differential equations: Models and methods. McGraw-Hill; 2006. 
[3] Au YA. Design science I: the role of design science in electronic commerce research. 

Commun Assoc Inform Syst 2001;7(1). https://doi.org/10.17705/1CAIS.00701. 
[4] Chalmers AF. What is this thing called science?. 3rd ed ed. Hackett Pub; 1999. 
[5] Geerts GL. A design science research methodology and its application to accounting 

information systems research. Int J Account Inform Syst 2011;12(2):142–51. 
https://doi.org/10.1016/j.accinf.2011.02.004. 

[6] Gower B. Scientific method: An historical and philosophical introduction. 
Routledge; 1997. 

[7] Gravetter FJ, Forzano L-AB. Research methods for the behavioral sciences. 6th 
edition ed. Cengage; 2018. 

[8] Habib MS, Lee YH, Memon MS. Mathematical models in humanitarian supply chain 
management: a systematic literature review. Math Probl Eng 2016;2016:1–20. 
https://doi.org/10.1155/2016/3212095. 

[9] Hevner, March, Park, Ram. Design science in information systems research. MIS Q 
2004;28(1):75. https://doi.org/10.2307/25148625. 

[10] Infrastructure NSW. Resilient Valley, resilient communities: Hawkesbury-Nepean 
Valley flood risk management strategy, January 2017. Sydney, Australia: 
Infrastructure NSW; 2017. 

[11] Infrastructure NSW. Hawkesbury-Nepean Valley regional flood study. Sydney, 
Australia: Infrastructure NSW; 2019. 

[14] March ST, Smith GF. Design and natural science research on information 
technology. Decision Supp Syst 1995;15(4):251–66. https://doi.org/10.1016/ 
0167-9236(94)00041-2. 

[15] Masud S, Merson J, Robinson DF. Adapting a holistic approach to flood 
management in the Hawkesbury–Nepean region: complexities and perceptions of 
the agencies involved. J Environ Plan Manag 2016;59(6):1126–47. https://doi. 
org/10.1080/09640568.2015.1056339. 

[16] Moosavi J, Fathollahi-Fard AM, Dulebenets MA. Supply chain disruption during 
the COVID-19 pandemic: recognizing potential disruption management strategies. 
Int J Disast Risk Reduct 2022;75:102983. https://doi.org/10.1016/j. 
ijdrr.2022.102983. 

[17] Neumaier A. Mathematical model building. In: Kallrath J, editor. Modeling 
languages in mathematical optimization. Vol. 88; 2004. p. 37–43. Springer US, http 
s://doi.org/10.1007/978-1-4613-0215-5_3. 

[18] Nunamaker JF, Chen M, Purdin TDM. Systems development in information systems 
research. J Manag Inform Syst 1990;7(3):89–106. https://doi.org/10.1080/ 
07421222.1990.11517898. 

[19] Offermann P, Levina O, Schönherr M, Bub U. 2009 Outline of a design science 
research process. In: The 4th International Conference; 2009. 

[20] Pasha J, Elmi Z, Purkayastha S, Fathollahi-Fard AM, Ge Y-E, Lau Y-Y, et al. The 
drone scheduling problem: a systematic state-of-the-art review. IEEE Trans Intellig 
Transp Syst 2022;23(9):14224–47. https://doi.org/10.1109/TITS.2022.3155072. 

[21] Peffers K, Tuunanen T, Rothenberger MA, Chatterjee S. A design science research 
methodology for information systems research. J Manag Inform Syst 2007;24(3): 
45–77. https://doi.org/10.2753/MIS0742-1222240302. 

[22] Repko AF, Szostak R. Interdisciplinary research: Process and theory. Fourth edition 
ed. SAGE; 2021. 

[23] Ribbons S. Hawkesbury-Nepean Valley flood management review—Developing a 
strategy where flood depth can be nine Metres above flood planning level. In: 
Paper Presented at the 2015 Floodplain Management Association National 
Conference, Australia; 2019. 

[24] Romme AGL. Making a difference: organization as design. Organiz Sci 2003;14(5): 
558–73. https://doi.org/10.1287/orsc.14.5.558.16769. 

[25] Simon HA. The sciences of the artificial. 3rd ed. MIT Press; 1996. 
[26] Sismondo S. An introduction to science and technology studiesvol. 1. Chichester: 

Wiley-Blackwell; 2010. p. 1–11. 
[27] Sun W, Bocchini P, Davison BD. Applications of artificial intelligence for disaster 

management. Nat Hazards 2020;103(3):2631–89. https://doi.org/10.1007/ 
s11069-020-04124-3. 

[28] Taha HA. Operations research: An introduction. 5th ed. Macmillan; 1992. 
[29] Takeda H, Veerkamp P, Yoshikawa H. Modeling design process. AI Magaz 1990;11 

(4):37–48. https://doi.org/10.1609/aimag.v11i4.855. 
[30] Tian G, Fathollahi-Fard AM, Ren Y, Li Z, Jiang X. Multi-objective scheduling of 

priority-based rescue vehicles to extinguish forest fires using a multi-objective 
discrete gravitational search algorithm. Inform Sci 2022;608:578–96. https://doi. 
org/10.1016/j.ins.2022.06.052. 

[31] Van Aken JE, Romme G. Reinventing the future: adding design science to the 
repertoire of organization and management studies. Organiz Manag J 2009;6(1): 
5–12. https://doi.org/10.1057/omj.2009.1. 

[32] Walls JG, Widmeyer GR, El Sawy OA. Building an information system design 
theory for vigilant EIS. Inform Syst Res 1992;3(1):36–59. https://doi.org/10.1287/ 
isre.3.1.36. 

[33] Yazdani M, Haghani M. A dynamic emergency planning system for relocating 
vulnerable people to safe shelters in response to heat waves. Exp Syst Appl 2023; 
228:120224. https://doi.org/10.1016/j.eswa.2023.120224. 

[34] Yazdani M, Haghani M. Elderly people evacuation planning in response to extreme 
flood events using optimisation-based decision-making systems: a case study in 
western Sydney, Australia. Knowledge-Based Syst 2023;274:110629. https://doi. 
org/10.1016/j.knosys.2023.110629. 

[35] Yazdani M, Haghani M. Optimisation-based integrated decision model for 
ambulance routing in response to pandemic outbreaks. Progr Disast Sci 2023;18: 
100288. https://doi.org/10.1016/j.pdisas.2023.100288. 

[36] Yazdani M, Mojtahedi M, Loosemore M, Sanderson D, Dixit V. Hospital evacuation 
modelling: a critical literature review on current knowledge and research gaps. Int 
J Disast Risk Reduct 2021;66:102627. https://doi.org/10.1016/j. 
ijdrr.2021.102627. 

[37] Yazdani M, Mojtahedi M, Loosemore M, Sanderson D. A modelling framework to 
design an evacuation support system for healthcare infrastructures in response to 
major flood events. Progr Disast Sci 2022;13:100218. https://doi.org/10.1016/j. 
pdisas.2022.100218. 

[38] Yazdani M, Mojtahedi M, Loosemore M, Sanderson D, Dixit V. An integrated 
decision model for managing hospital evacuation in response to an extreme flood 

M. Yazdani et al.                                                                                                                                                                                                                               

http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0005
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0005
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0005
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0010
https://doi.org/10.17705/1CAIS.00701
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0020
https://doi.org/10.1016/j.accinf.2011.02.004
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0030
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0030
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0035
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0035
https://doi.org/10.1155/2016/3212095
https://doi.org/10.2307/25148625
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0050
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0050
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0050
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0055
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0055
https://doi.org/10.1016/0167-9236(94)00041-2
https://doi.org/10.1016/0167-9236(94)00041-2
https://doi.org/10.1080/09640568.2015.1056339
https://doi.org/10.1080/09640568.2015.1056339
https://doi.org/10.1016/j.ijdrr.2022.102983
https://doi.org/10.1016/j.ijdrr.2022.102983
https://doi.org/10.1007/978-1-4613-0215-5_3
https://doi.org/10.1007/978-1-4613-0215-5_3
https://doi.org/10.1080/07421222.1990.11517898
https://doi.org/10.1080/07421222.1990.11517898
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0095
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0095
https://doi.org/10.1109/TITS.2022.3155072
https://doi.org/10.2753/MIS0742-1222240302
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0110
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0110
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0115
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0115
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0115
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0115
https://doi.org/10.1287/orsc.14.5.558.16769
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0125
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0130
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0130
https://doi.org/10.1007/s11069-020-04124-3
https://doi.org/10.1007/s11069-020-04124-3
http://refhub.elsevier.com/S2590-0617(23)00027-3/rf0140
https://doi.org/10.1609/aimag.v11i4.855
https://doi.org/10.1016/j.ins.2022.06.052
https://doi.org/10.1016/j.ins.2022.06.052
https://doi.org/10.1057/omj.2009.1
https://doi.org/10.1287/isre.3.1.36
https://doi.org/10.1287/isre.3.1.36
https://doi.org/10.1016/j.eswa.2023.120224
https://doi.org/10.1016/j.knosys.2023.110629
https://doi.org/10.1016/j.knosys.2023.110629
https://doi.org/10.1016/j.pdisas.2023.100288
https://doi.org/10.1016/j.ijdrr.2021.102627
https://doi.org/10.1016/j.ijdrr.2021.102627
https://doi.org/10.1016/j.pdisas.2022.100218
https://doi.org/10.1016/j.pdisas.2022.100218


Progress in Disaster Science 20 (2023) 100300

9

event: a case study of the Hawkesbury-Nepean River, NSW, Australia. Safety Sci 
2022;155:105867. https://doi.org/10.1016/j.ssci.2022.105867. 

[39] Aghapour AH, Yazdani M, Jolai F, Mojtahedi M. Capacity planning and 
reconfiguration for disaster-resilient health infrastructure. Journal of Building 
Engineering 2019;26:100853. https://doi.org/10.1016/j.jobe.2019.100853. 

[40] Fuller RB, McHale J. World Design Science Decade, 1965–1975. Southern Illinois 
University; 1963. 

[41] Doran GT. There’s a SMART way to write management’s goals and objectives. 
Manage. Rev. 1981;70(11):35–6. 

[42] NSW Department of Primary Industries. (2014). Hawkesbury-Nepean Valley Flood 
Management Review Stage One — Review Report. 

M. Yazdani et al.                                                                                                                                                                                                                               

https://doi.org/10.1016/j.ssci.2022.105867
https://doi.org/10.1016/j.jobe.2019.100853
http://refhub.elsevier.com/S2590-0617(23)00027-3/optE06oyNK9R1
http://refhub.elsevier.com/S2590-0617(23)00027-3/optE06oyNK9R1
http://refhub.elsevier.com/S2590-0617(23)00027-3/opt2fT01oTwt3
http://refhub.elsevier.com/S2590-0617(23)00027-3/opt2fT01oTwt3

	An integration of operations research and design science research methodology: With an application in hospital disaster man ...
	1 Introduction
	2 The DSRM approach – a critical review
	3 Synergizing DSRM and OR methodologies to develop new research methodology
	4 Case study
	4.1 Case study context
	4.2 Conceptual phase
	4.3 Design and development phase
	4.4 Evaluation phase
	4.4.1 Collecting data and utilizing data resources

	4.5 Communication phase

	5 Managerial insights
	6 Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	References


