
Infectious disease dynamic modeling can support outbreak 
emergency responses. We conducted a workshop to can-
vas the needs of stakeholders in Australia for practical, re-
al-time modeling tools for infectious disease emergencies. 
The workshop was attended by 29 participants who repre-
sented government, defense, general practice, and aca-
demia stakeholders. We found that modeling is underused 
in Australia and its potential is poorly understood by prac-
titioners involved in epidemic responses. The development 
of better modeling tools is desired. Ideal modeling tools for 
operational use would be easy to use, clearly indicate un-
derlying parameterization and assumptions, and assist with 
policy and decision making.

Modeling the population dynamics of infectious disease 
spread and control is a complex, multidisciplinary 

challenge; an increasing number of examples demonstrate 
its value to practical, real world problems in infectious dis-
ease management. Ongoing consultation between the mod-
eling community, policy developers, and decision-makers 
is recognized as essential to maximize the working poten-
tial of modeling tools during tool development (1,2).

A dimension of modeling that has received limited 
recognition is rapid, real-time modeling, which provides 
evidence for making immediate decisions for management 
and control strategies in the context of an emerging epi-
demic. Here we use real time to mean integrating modeling 
into the active disease response efforts of governments and 
other organizations to provide timely guidance for policy 
development and decision-making.

A number of examples have demonstrated the value 
of modeling in emerging epidemics. With the recognition 
of the swine-origin pandemic influenza in 2009, the World 
Health Organization engaged with modelers in provision 
of evidence to help develop an informed response. Rela-
tively simplistic rather than sophisticated simulation mod-
eling in real time has been more commonly used for rapid 
policy guidance (2). In diverse modeling approaches, 

 treatment capacity consistently emerged as a vital fac-
tor in the control of Ebola virus disease in West Africa 
in 2014–2015 (3–5). Statistical and mathematical mod-
els that provide up to 3-month ahead-of-time forecasts of 
disease incidence have been developed in the context of 
influenza and dengue (6–10). Several risk assessments of 
the Zika virus epidemic that emerged in Brazil in 2015 
have been published (11–15).

These published examples of modeling results of 
large-scale, (often) international infection dynamics can 
assist in providing guidance for the task of overarching 
control strategies. However, they might not meet the 
more immediate, on-the-ground needs of organizations 
and personnel who are grappling with day-to-day man-
agement of epidemics.

Many free and commercial software tools for model-
ing or simulating outbreak dynamics and impact are avail-
able (16–34). Yet, studies assessing the use of modeling in 
public health practice are scarce. A needs assessment on 
the use of modeling for emergency preparedness with lo-
cal and state health officials, emergency management of-
ficials, and other stakeholders was conducted for the US 
Centers for Disease Control and Prevention (CDC) in 2007 
(35). The most commonly used tools were reported to be 
the CDC FluAid 2.0 (18) and FluSurge 2.0 (19) software, 
the Models of Infectious Disease Agent Study from the US 
National Institutes of Health (36), and the Bioterrorism and 
Epidemic Outbreak Response Model of Weill Medical Col-
lege of Cornell University (37). 

Despite recognizing the importance of modeling, CDC 
study respondents were wary of basing policy decisions on 
modeling tools. Factors that influenced their confidence 
in modeling results included the credibility of the model 
assumptions, the integrity of the software in terms of its 
developers and thoroughness of its testing, the ability to 
scale its operation to the local level, and the consistency 
of results with requirements imposed by state and national 
jurisdictions. Other factors that influenced uptake of mod-
eling tools included the ease of obtaining the software, the 
capacity of personnel to correctly use the tool, and the rel-
evance of the modeling tool to the scenario at hand and 
in regular operational and epidemic/pandemic contexts. In 
the United States, emergency managers were more familiar 
with modeling than were the health sector respondents, but 
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they did not believe health preparedness models could be 
used to readily inform practical action plans (35).

After reviewing epidemiologic modeling activities 
in the context of public health emergencies in the United 
States, Schlegelmilch et al. argued that adoption of mod-
eling would be enhanced by establishing an interagency 
framework to create and strengthen relationships between 
modelers, operational structures, and personnel; to foster 
model development for decision support; and to develop 
the capacity of operational structures and personnel to 
adopt modeling for routine decision support (38). Akselrod 
et al. suggested that a synchronization matrix can be used 
to integrate and link key decision points in an infectious 
disease emergency to modeling requirements and opera-
tional aspects, such as an incident command system (39). 
They also recommended prerequisites for successfully in-
tegrating modeling into incident management operations, 
including training of relevant personnel, and establishing 
governance and procedures around use of modeling and in-
formation system development.

To better understand the limited use of modeling in the 
Australia outbreak emergency response context, we con-
ducted a stakeholder workshop in April 2016 to canvas the 
views of policy and practice stakeholders of Australia and 
to document their perceived needs in relation to practical 
modeling tools that can be used in real time to assist in the 
response to infectious disease emergencies. We report here 
a qualitative analysis of the workshop discussion.

Materials and Methods
To foster an informed discussion, we identified a purposive 
sample representing a mix of persons known to have expe-
rience or interest in mathematical modeling in the outbreak 
context and others who would play a leadership or manage-
ment role in outbreak emergency response in Australia. Fif-
ty-nine invitations were sent to representatives of Australia 
national, regional, and local jurisdictions and peak bodies 
involved in health protection–related activities from the 
following sectors: government (health protection, popula-
tion health, and epidemiology), general practice, academia, 
and defense. Representatives were asked to suggest alter-
native representatives if they were unable to attend. Addi-
tional solicited and unsolicited suggestions for attendance 
were accepted from the initial representatives.

The workshop was facilitated by the faculty of the 
School of Public Health and Community Medicine of 
the University of New South Wales (UNSW) of Austra-
lia. Several participants elected to join the workshop by 
web conferencing facilities. To facilitate maximum en-
gagement and idea generation, the workshop was held 
in a large group format. The workshop started with 2 
presentations by faculty: 1 introducing the purpose of 
the workshop with an overview of infectious disease  

modeling and 1 reviewing existing modeling tools. A struc-
tured discussion was facilitated by a UNSW faculty mem-
ber for each of the following topics: current use of mod-
eling tools, information requirements for epidemics and 
pandemics, considerations in planning a response, practical 
considerations in deploying modeling, and the ideal model-
ing tool. Workshop content and topics were agreed on by 
consensus among the research team. One member of the 
research team was allocated to facilitate and moderate dis-
cussion of each topic to prevent domination of the discus-
sion by individual participants.

The workshop was audio recorded, professionally tran-
scribed verbatim, and analyzed thematically. Transcripts 
were independently coded through repeated and close read-
ing by D.J.M. and A.A.C., assisted by NVivo software ver-
sion 11 (http://www.qsrinternational.com/product). Code 
lists were then cross-checked and agreed upon. A third re-
searcher (A.H.) adjudicated over remaining disagreements.

The study was approved by UNSW Human Research 
Ethics Advisory panel G: Health, Medical, Community, 
and Social (HC16171). All participants provided in-
formed consent. 

Results
Twenty nine participants attended the workshop, including 
6 using web-conferencing technology. National govern-
ment and regional health sectors were more strongly repre-
sented than state government (Table).

Current Use of Modeling Tools
Despite awareness of infectious disease modeling and 
a positive perception of its value, modeling, real-time or 
otherwise, was infrequently used in the organizations rep-
resented as indicated by the following statements: “... cer-
tainly at the moment no real-time tools [are available] that 
we can manipulate based on the evidence that’s coming [in] 
as an epidemic progresses” and “... to my knowledge we 
don’t have a lot; we don’t have any communicable disease 
modeling expertise within the department.”

Some participants reported use of modeling for long-
term planning and policy development. Most participants 
felt that the technical expertise needed for infectious dis-
ease modeling was not available in their organizations. 
“Tools can be terrific, but if there’s any lack of trust or lack 
of certainty on the part of the operator in what the outputs  
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Table. Participants at real-time modeling tool workshop, by 
affiliation, 2016 
Affiliation No. participants 
National government including defense 8 
State government 1 
Regional (substate) health jurisdiction 9 
Peak bodies and academia 6 
Study investigation team 5 
Total 29 
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actually mean, the likelihood of success, especially in a 
government setting, which is a cautious setting, is low.”

Information Requirements for Epidemics and Pandemics
The clinical, public health, and microbiology sectors are all 
stakeholders in the response to epidemics. Clinical stake-
holders include workers in primary care/general practices, 
emergency departments, hospitals, intensive care services, 
and morgues. Their information requirements included 
comparing the effects of interventions, characterizing epi-
demics and assessing risks, planning (both short- and long-
term) for health service demand, determining human and 
physical resource capacity, and managing logistics and 
work flow, as indicated by the following statements:

•	“... one of the key things would be [to be] able to com-
pare the effects of different interventions that we have 
available and how we could prioritize those resources 
to the population that are being infected.”

•	“The other thing that I think is really important is some 
modeling around human resources. If you’re going to 
lose 30% of your staff, are you going to be prepared 
for that?”

•	“Is there a distinct population that’s more susceptible?”

Understanding epidemic dynamics to inform deci-
sion-making around use of personal protective equipment 
(PPE), for example, was discussed: “We’re very interested 
in things like transmissibility from an occupational health 
and safety point of view... certainly during Ebola one of the 
big things for us was about was preparing our staff. How 
much PPE do we need? Who do we need to train?”

Decision support tools would be helpful for determin-
ing options and policies, and simulation of the effect those 
decisions have on the population and healthcare services is 
desirable. One participant commented that “... in a rapidly 
changing event, it’s expert panels... that make these kinds 
of decisions. I think having some modeling information 
rapidly would be very useful in those scenarios.”

Competing priorities are a concern when events occur 
simultaneously and resources have to be traded off; “... an 
epidemic might come at a time when other resources are 
also currently in play, whether it’s for a heat wave or some-
thing like that. I guess being able to—I don’t know if a 
model could do that but to—somehow look at resourcing 
capacity but across locations.”

Considerations in Planning a Response
Factors in addition to published evidence that influ-
ence planning include organizational, jurisdictional, and 
stakeholder factors, such as communication channels, 
decision-making mechanisms, politics, and management 
hierarchies that can extend across jurisdictions and stake-
holders. All sectors experience substantial uncertainty 

and rapid change at the beginning of an outbreak with un-
known parameters, rapid changes in information, knowl-
edge, and priorities. One participant commented that “... 
there was a lot of range of expert opinion on some critical 
issues on those expert panels. Some of that took a little 
while to work through and actually get a consensus as to 
how we would deal with that uncertainty, which is always 
or very often part of these things.”

Practical Considerations in Deploying Modeling
Several participants expressed a desire to be able to use mod-
eling tools themselves and for it to become routine. One par-
ticipant stated he wanted “just a tool that is used day to day, 
so something that forms part of someone’s workplace role 
and function, which they can continue on [to use] during an 
epidemic.... It needs to become like furniture.”

Challenges to be resolved include ensuring data, in-
formation security, and confidentiality; deciding on the 
platform, such as self-managed versus internal or remote 
service provider; educating the workforce in both tool us-
age and result interpretation; improving model transpar-
ency; and providing mechanisms for determining unknown 
parameter values. Modeling expertise needs to be present 
within the emergency management team. One participant 
stated, “I’m also nervous about using the outputs of the tool 
if I don’t have the tool—[or] someone who really under-
stands the tool—with me.”

The Ideal Modeling Tool
Participants were interested in models that could predict 
the risk in susceptible populations; the spatiotemporal dis-
tribution of disease; the role of travel and movement on 
outcomes; the requirement of drugs, vaccines, and other 
logistics; and the effect of various interventions. As stated 
by a participant: “... we would like a tool that will help us 
plan our resources or plan our PPE needs or human re-
source needs....”

Geographic and temporally refined forecasts were val-
ued by workshop attendees. Some participants stated, “... 
so some of the outputs about resource need from the practi-
cal point of view might be easier if they go week by week” 
and “... I just wanted to reiterate that the geography and 
how it [the pathogen]’s spreading is really crucial in terms 
of being able to plan.”

Ideally, modeling tools would be easy to use. One par-
ticipant was interested in a tool “... that’s really straight-
forward with not too much training.” Tools should also be 
transparent about assumptions, transparent about param-
eterization, and provide a clear interpretation of the results. 
One person commented, “The most useful thing that model 
produced is the 3 lines at the bottom that says this means 
that [or] when you do this, this, and this, this will happen or 
we think this will happen.”
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Tools would allow rapid reparameterization to adapt 
to local and current conditions. The trade-off between sim-
plicity and power to provide useful information was recog-
nized. There was a desire for tools that highlighted infor-
mation gaps, “... something that you would be able to input 
what is known information and also to be able to see what 
you don’t know.” 

Discussion
Despite inviting persons who were likely to have an under-
standing of or experience with modeling, we found meet-
ing participants had little practical experience in applying 
infectious disease modeling during ongoing epidemics. 
Current lack of technical expertise and confidence among 
the health protection workforce and lack of clarity about 
suitable modeling tools remain barriers to modeling. Nev-
ertheless, the potential of having a modeling tool to assist 
with decision-making when dealing with a wide range of 
uncertainties commonly experienced during an epidemic 
was appealing to many participants. Simple and relevant 
modeling tools to assist in local risk assessment and re-
source planning were desired.

Prior use of modeling was not a prerequisite for par-
ticipation in our workshop. However, neither was it in the 
earlier CDC modeling needs assessment (in 2007) (35); 
yet, unlike our workshop, all the CDC study respondents 
from the health sector reported using computer modeling 
tools for pandemic influenza preparedness. Similar to the 
respondents in our study, the US respondents in the CDC 
study recognized challenges involved in modeling: the lim-
ited knowledge on modeling and the need to train person-
nel; scaling to local-level circumstances and populations, 
including vulnerable populations and at-risk groups; the 
need to access modeling capabilities on personal comput-
ers; and the need to prepare gap analyses (35). The lack of 
modeling capacity in the public health sector continues to 
be recognized in the United States (40).

Considering infectious disease modeling as an inno-
vative tool in public health practice, our research question 
concerns the adoption and diffusion of the innovation in 
the public health milieu. Diffusion and adoption of innova-
tion has been studied as a predictable phenomenon (41,42). 
Consistent with our findings, characteristics of innovations 
that have been reported as antecedents of adoption include 
usability, utility, compatibility with existing systems, abil-
ity to be pilot tested, cost-effectiveness, reliability, and 
adaptability (43).

How should development and adoption of modeling 
tools proceed in the light of our findings? There is no short-
age in modeling tools. However, existing modeling tools 
appear to have been developed largely independently from 
healthcare personnel and organizations and thus do not re-
flect the needs of these stakeholders. Academic interests 

might have been the driving forces for the creation of many 
of the modeling tools available.

User-led acquisition of modeling tools might be a solu-
tion. However, commissioning or acquiring software prod-
ucts, such as modeling software, is a complex and resource 
intensive activity and a highly risky enterprise (44). Formal 
development or acquisition of information systems that 
meet the needs of a business activity requires a series of 
interacting organizational, human resource, technical, and 
project management processes (45). Software needs to be 
continually updated and maintained to conform to chang-
ing operating systems, data formats, and user requirements 
(40). Critical success factors for the implementation of 
public sector information systems include commitment to 
providing authority and resources to the acquisition, a clear 
statement of the project mission, quality of project planning 
and scheduling, and availability of the necessary technol-
ogy and suitably qualified technical personnel (46).

Another characteristic of outbreak emergencies, such 
as pandemics, is their relative infrequency in the day-to-
day operation of health systems. Exploiting highly skilled 
endeavors, such as infectious disease modeling, in an emer-
gency is challenging when the capabilities are not routinely 
exercised. Adopting modeling in managing more frequent, 
small-scale outbreaks, such as annual seasonal influenza 
epidemics, or incorporating modeling into emergency plan-
ning exercises might be necessary to facilitate preparedness 
for deploying modeling in emergencies.

Our study had some limitations. Whereas we attempt-
ed to draw participants from all states and territories of 
Australia and the various sectors with a stake in epidemic 
responses, the participants might not have been representa-
tive of this population because of factors such as ease of 
travel and topic interest. On the other hand, we did offer 
video participation, which was chosen by some partici-
pants. Because of the workshop format, the limited number 
of participants from some sectors such as state government, 
and the consequent risk for identification of participants, 
we were unable to attribute comments to individual sec-
tors. The low turnout of state government representatives 
possibly reflects their limited resource capacity for model-
ing. The study only evaluated the perceptions of the partici-
pants, which might not reflect official policy or how they 
would behave in practice. Some participants might have 
participated in the discussion more than others, potentially 
influencing the direction of the discussion.

Several approaches can increase understanding of the 
benefits and limitations of modeling and increasing its up-
take in practice. First, modeling software tools should be 
developed to be end-user focused. They should be simple, 
easily understood, and provide clarity of assumptions and 
limitations, as well as a guide to interpretation for nonex-
perts. Second, training in use and interpretation of modeling  
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needs to be available to educate the workforce in all sectors 
involved in outbreak emergencies. Third, modeling should 
be considered as an integral part of multisectoral epidemic 
and pandemic planning and associated governance struc-
tures. Incorporating modeling scenarios into emergency 
response exercises can facilitate this.

Conclusions
Real-time modeling tools have the potential to aid public 
health officials make crucial decisions during public health 
crises. However, the tools available are poorly suited for 
these tasks because they were not designed with these key 
public health stakeholders in mind. New real-time model-
ing tools should be developed in collaboration with model-
ing experts, policy developers, and decision makers with 
design features that better serve the needs of the health-
care sector and end user. The tools should be simple, easily 
understood and provide clarity of assumptions and limita-
tions, as well as providing a guide to interpretation for non-
experts. Real-time modeling tools that are regularly used by 
trained personnel and public health officials that understand 
and are confident in the tool’s outputs will better serve the 
public interest during infection disease emergencies.
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