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Masterclass Certificate in Healthcare System Dynamics (United Kingdom)

Introduction To System Dynamics

System dynamics is a methodological framework for understanding the behaviour of complex systems over
time. It is built on a set of core concepts that allow analysts to construct models, simulate scenarios, and
identify leverage points for effective intervention. In the context of healthcare, these concepts help to
explain why certain policies succeed or fail, how resources are consumed, and what drives the emergence of
systemic problems such as long waiting lists or hospital-acquired infections. The following glossary presents
the most important terms and vocabulary that learners will encounter when studying the introductory
modules of the Masterclass Certificate in Healthcare System Dynamics. Each definition is accompanied by a
practical example, a brief note on its application, and a discussion of typical challenges associated with its
use.

Stock — A stock (also called a level) is any quantity that accumulates over time. It represents the current state
of a system component and can be measured as a physical count, a monetary amount, or any other
aggregate. In a hospital, the number of occupied beds at any moment is a stock. The stock changes as
patients are admitted (inflow) and discharged (outflow). Stocks are central to system dynamics because they
embody the memory of the system; the history of past flows determines the present level.

Challenge: Accurate measurement of stocks often requires real-time data collection, which may be limited
by electronic health record (EHR) integration or reporting delays.

Flow — A flow (or rate) describes the movement of material, information, or people into or out of a stock.
Flows are expressed per unit of time, such as patients per day, dollars per month, or doses per hour.
Continuing the bed-occupancy example, the admission rate is an inflow to the occupied-bed stock, while
the discharge rate is an outflow. Flows are usually represented by arrows in causal loop diagrams and are
the mechanisms through which stocks change.

Application: Adjusting the discharge flow through discharge planning protocols can reduce bed occupancy
and improve throughput.

Feedback loop — A feedback loop is a closed chain of cause-and-effect relationships that returns to its
starting point. It can be either reinforcing (positive) or balancing (negative). In healthcare, a classic
reinforcing loop occurs when higher patient satisfaction leads to increased word-of-mouth referrals, which
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in turn raise patient volume and further boost satisfaction if services remain high quality. Conversely, a
balancing loop may involve the relationship between medication errors and safety training: As errors rise,
training intensifies, which then reduces errors.

Example: The loop linking staff burnout to patient safety incidents is balancing because increased incidents
trigger interventions that aim to lower burnout.

Reinforcing loop — Also known as a positive feedback loop, this structure amplifies change. Small
perturbations are magnified, often leading to exponential growth or decline. In a vaccination programme, a
reinforcing loop can be seen when higher vaccination coverage reduces disease incidence, which builds
public confidence, encouraging even more people to vaccinate.

Practical note: While reinforcing loops can be harnessed for rapid improvement, they can also accelerate
undesirable trends such as the spread of misinformation.

Balancing loop — Also called a negative feedback loop, this structure counteracts change, aiming to
maintain equilibrium. The classic hospital capacity example illustrates a balancing loop: As bed occupancy
rises, the system triggers discharge planning and admission restrictions, which work to bring occupancy
back toward a target level.

Challenge: Balancing loops may have delays that cause overshoot or oscillation, making it difficult to
achieve steady-state performance.

Causal loop diagram (CLD) — A CLD is a qualitative map of the variables in a system and the causal links
between them, annotated with polarity (+ or -) to indicate the direction of influence. CLDs help
stakeholders visualise the structure of complex problems before building quantitative models. In a
primary-care network, a CLD might link appointment availability, patient wait times, and provider workload,
revealing how changes in one area ripple through the system.

Application: Using a CLD early in a quality-improvement project facilitates shared understanding among
clinicians, administrators, and policymakers.

Stock-and-flow diagram — Also known as a system dynamics model, this diagram adds quantitative detail to
a CLD by specifying the stocks, flows, converters, and auxiliary variables. It permits simulation using
differential or difference equations. For example, a model of emergency-department (ED) crowding would
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include stocks for patients waiting, patients being treated, and patients discharged, with corresponding
inflow and outflow rates.

Challenge: Building a robust stock-and-flow diagram requires reliable parameter estimates, which may be
scarce in low-resource settings.

Converter — A converter (or auxiliary variable) transforms one or more inputs into an output that influences
flows or other variables. Converters are often used to capture nonlinear relationships, such as the effect of
bed occupancy on staff fatigue. In a model of medication adherence, a converter could represent the
probability that a patient takes medication correctly as a function of reminder frequency.

Practical tip: Keep converters simple and transparent to aid model validation and stakeholder
communication.

Time delay — A time delay is the interval between a cause and its observable effect. Delays are ubiquitous in
healthcare, for example, the lag between implementing a new protocol and observing changes in infection
rates. Delays can destabilise balancing loops, leading to oscillations or unintended consequences.

Example: When a hospital reduces elective surgeries to free up capacity, there is a delay before the freed
capacity translates into shorter waiting times for future patients.

Parameter — A parameter is a fixed numerical value that characterises a relationship within the model, such
as the average length of stay (LOS) for a particular diagnosis. Parameters are calibrated using historical data,
expert judgment, or literature values. Sensitivity analysis tests how variations in parameters affect model
outcomes, highlighting which parameters are most influential.

Challenge: Parameters may vary across hospitals, regions, or patient populations, requiring careful
contextualisation.

Variable — In system dynamics, a variable is any element that can change over time, including stocks, flows,
converters, and exogenous inputs. Variables are distinguished from parameters by their dynamic nature. For
instance, the daily number of new COVID-19 cases is a variable that evolves as the epidemic progresses.

Application: Tracking variables over time enables the creation of behavior-over-time graphs that reveal
trends and patterns.
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Behavior-over-time graph (BOT) — A BOT displays the trajectory of a variable across a chosen time horizon.
These graphs are essential for communicating model results to non-technical audiences. A BOT of hospital
bed occupancy might show a seasonal peak during winter flu season, followed by a trough in summer. BOTs
help identify whether a system is trending toward a desired target or diverging.

Practical note: Use clear axes and labels; avoid cluttering the graph with excessive lines that can obscure the
main message.

Leverage point — A leverage point is a place in a system where a small change can produce a large, lasting
impact on overall behaviour. Donella Meadows famously identified twelve leverage points, ranging from
parameters (least effective) to the power of transcending paradigms (most effective). In a healthcare
context, a high-leverage point might be redesigning patient flow pathways rather than merely adjusting
staffing levels.

Challenge: Identifying true leverage points requires deep system insight and may be hindered by
entrenched organisational cultures.

System archetype — System archetypes are recurring patterns of behaviour that arise from common
feedback structures. Classic archetypes include “Limits to Growth,” “Shifting the Burden,” “Tragedy of the
Commons,” and “Success to the Successful.” Recognising archetypes helps analysts anticipate unintended
consequences and select appropriate interventions. For example, the “Shifting the Burden” archetype
appears when a hospital relies heavily on temporary staff to cover shortages, which masks the underlying
staffing issue.

Application: Mapping a problem to an archetype guides the selection of policy tools, such as investing in
training to address the root cause rather than applying short-term fixes.

Policy resistance — Policy resistance refers to the phenomenon where well-intentioned interventions are
counteracted by the system’s internal dynamics, leading to limited or opposite effects. In a health-insurance
scheme, increasing reimbursement rates to improve access may trigger higher utilisation, eroding cost
savings. Understanding policy resistance is crucial for designing robust strategies.

Practical tip: Conduct scenario testing to reveal potential resistance before implementing policies at scale.
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Dynamic hypothesis — A dynamic hypothesis is a narrative that explains why a system behaves the way it
does, based on identified feedback loops and delays. It serves as the conceptual bridge between the
problem statement and the formal model. In a study of chronic disease management, the dynamic
hypothesis might posit that inadequate follow-up leads to medication non-adherence, which in turn
increases disease exacerbations, creating a reinforcing loop of worsening health.

Application: Articulating a clear dynamic hypothesis aids communication with stakeholders and ensures
model relevance.

Simulation — Simulation is the computational execution of a system dynamics model over a defined time
horizon, producing trajectories for all variables. Simulations can be deterministic (single-run) or stochastic
(multiple runs with random variation). In a simulation of an intensive-care unit (ICU), one may observe how
changes in staffing ratios affect patient mortality over a year.

Challenge: Simulation results depend heavily on model structure and parameter values; validation against
real data is essential.

Validation — Validation is the process of assessing whether a model accurately represents the real-world
system it intends to emulate. Techniques include comparing model output to historical data, conducting
sensitivity analysis, and obtaining expert feedback. For a model of vaccination uptake, validation might
involve checking that simulated coverage aligns with observed national rates over several years.

Practical note: Transparent documentation of assumptions enhances credibility and facilitates peer review.

Calibration — Calibration involves adjusting model parameters so that the model reproduces known
behaviours of the system. It is often an iterative process, using techniques such as least-squares fitting or
Bayesian inference. In a model of hospital readmission, calibration would tune the readmission probability
to match observed readmission rates.

Challenge: Over-calibration can lead to “over-fitting,” where the model captures noise rather than
underlying dynamics, reducing its predictive power.

Scenario analysis — Scenario analysis explores how the system responds to alternative sets of assumptions,
policies, or external conditions. It is a core use of system dynamics models for strategic planning. For
instance, a health authority might compare scenarios of expanding primary-care capacity versus increasing
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telehealth services to reduce ED attendances.

Application: Presenting multiple scenarios helps decision-makers weigh trade-offs and anticipate future
challenges.

Sensitivity analysis — Sensitivity analysis examines how variations in parameters or inputs affect model
outcomes. It identifies which variables the system is most responsive to, guiding data collection priorities
and policy focus. In a model of antibiotic stewardship, sensitivity analysis may reveal that the rate of
inappropriate prescribing is the most influential factor on resistance prevalence.

Practical tip: Use tornado charts or spider plots to visualise sensitivity results clearly.

Exogenous variable — An exogenous variable is an input that originates outside the modeled system and is
not influenced by internal feedback loops. Examples include demographic shifts, policy changes, or
technological innovations. In a model of chronic disease prevalence, population ageing is an exogenous
driver that must be supplied as a time-varying series.

Challenge: Accurately forecasting exogenous variables can be difficult, especially when they are subject to
political or economic volatility.

Endogenous variable — An endogenous variable is generated within the model and is subject to the system'’s
internal dynamics. Most stocks, flows, and converters are endogenous. For example, the number of patients
waiting for surgery evolves as a result of admission and discharge rates, both of which are modelled
internally.

Application: Tracking endogenous variables helps reveal emergent behaviours that are not apparent from
the exogenous drivers alone.

Boundary — The boundary defines what is included in the model and what is considered external. Setting
appropriate boundaries is a critical modelling decision; too narrow a boundary may omit essential feedback,
while too broad a boundary can render the model unwieldy. In a model of a regional health network, the
boundary might include acute hospitals, community clinics, and ambulance services, but exclude unrelated
social services.

Practical note: Clearly state the boundary in all documentation to avoid misinterpretation of results.
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Time horizon — The time horizon is the period over which the model is simulated. It should be long enough
to capture the full dynamics of interest, including delayed effects. For chronic disease modelling, a
multi-decade horizon may be required, whereas an ED crowding model might focus on a daily or weekly
horizon.

Challenge: Longer horizons increase uncertainty, especially for exogenous variables, demanding careful
communication of confidence intervals.

Discrete-time model — A discrete-time model updates variables at fixed intervals (e.G., Daily, weekly). This
approach aligns well with data that are collected at regular reporting periods. In a vaccination programme
model, weekly updates may correspond to the release of vaccination statistics.

Application: Discrete-time models are often easier to implement in spreadsheet environments, facilitating
rapid prototyping.

Continuous-time model — A continuous-time model uses differential equations to represent changes that
occur continuously over time. This formulation can capture more subtle dynamics, such as the
instantaneous effect of a medication dose on blood concentration. Continuous-time models typically
require specialised software (e.G., Vensim, Stella) for numerical integration.

Challenge: Numerical stability can be an issue; selecting appropriate integration step sizes is essential.

Stock-flow relationship — The stock-flow relationship quantifies how the rate of change of a stock is equal to
inflow minus outflow. Mathematically, dS/dt = Inflow — Outflow. Understanding this relationship is
fundamental for translating a verbal description of a process into a quantitative model. In a blood-bank
model, the stock of available units changes as donations (inflow) and transfusions (outflow) occur.

Practical tip: Explicitly write out the stock-flow equation before building the diagram to ensure logical
consistency.

Non-linear relationship — Non-linear relationships occur when changes in inputs do not produce
proportional changes in outputs. Healthcare systems often display non-linearities, such as the steep rise in
infection risk once patient density surpasses a threshold. Non-linear functions can be represented using
converters that apply exponential, logistic, or piecewise formulas.
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Application: Capturing non-linearities improves model fidelity, especially when modelling saturation effects
like ICU capacity limits.

Delay function — A delay function models the temporal lag between a cause and its effect. Common forms
include fixed delays (e.G., A 7-day waiting period) and distributed delays (e.G., A range of lengths of stay). In
a vaccination impact model, a delay function may represent the time between vaccine administration and
the development of immunity.

Challenge: Parameterising delay functions requires empirical data on timing distributions, which may be
sparse.

Policy variable — A policy variable is a controllable input that decision-makers can adjust within the model to
explore different strategies. Examples include the number of community nurses hired, the budget allocated
to preventive services, or the threshold for triggering surge capacity. By manipulating policy variables,
analysts can assess potential outcomes before real-world implementation.

Practical note: Keep policy variables realistic; overly aggressive values may produce unrealistic scenarios.

Auxiliary variable — An auxiliary variable is a helper construct that simplifies model equations but does not
represent a physical stock or flow. It often aggregates several parameters or provides intermediate
calculations. For instance, the average treatment time per patient may be an auxiliary variable derived from
staff availability and patient complexity.

Application: Use auxiliary variables to improve model readability and maintainability.

Unit of analysis — The unit of analysis defines the level at which the model operates, such as an individual
patient, a hospital department, a regional health authority, or a national health system. Selecting the
appropriate unit influences data requirements, model granularity, and the relevance of results. A model of
medication adherence may focus on the individual level, while a model of pandemic response may adopt a
national perspective.

Challenge: Aggregating data across units can obscure heterogeneity that might be critical for targeted
interventions.
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Model structure — Model structure refers to the arrangement of stocks, flows, converters, and feedback
loops that together represent the system. A well-designed structure mirrors the real-world causal pathways
and facilitates transparent communication. Complex structures can become opaque, making validation and
stakeholder buy-in more difficult.

Practical tip: Start with a simple structure and iteratively add complexity as needed, following the principle
of parsimony.

Steady state — A steady state (or equilibrium) occurs when the rates of inflow and outflow for each stock
balance, resulting in no net change over time. Many healthcare systems aim for a steady-state occupancy
that maximises efficiency while preserving capacity for surges. However, external shocks (e.G., A flu
epidemic) can perturb the system away from steady state.

Application: Analyzing the approach to steady state helps identify bottlenecks and potential points of
failure.

Oscillation — Oscillation describes regular fluctuations around a target level, often caused by delays in
balancing loops. In hospitals, bed occupancy may oscillate seasonally due to predictable patterns of disease
incidence, but also because of delayed staffing adjustments. Persistent oscillations can indicate that control
policies need to be fine-tuned.

Challenge: Distinguishing between desirable cyclical patterns (e.G., Seasonal demand) and undesirable
instability (e.G., Supply-chain disruptions) requires careful analysis.

Threshold — A threshold is a specific value of a variable at which the system'’s behaviour changes
qualitatively. For example, when ICU occupancy exceeds 85 % of capacity, the probability of adverse events
may rise sharply. Thresholds are often embedded in policy rules (e.G., Trigger a surge response when
occupancy surpasses a set level).

Practical note: Define thresholds based on empirical evidence and incorporate safety margins to account for
measurement uncertainty.

Capacity constraint — A capacity constraint limits the maximum amount of a resource that can be supplied,
such as the number of operating-room slots or the stock of ventilators. Capacity constraints are crucial for
modelling resource-limited environments, where demand may exceed supply, leading to queues and
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waiting lists.

Application: Modeling capacity constraints enables evaluation of strategies like expanding facilities versus
improving throughput efficiency.

Queue — A queue is a waiting line formed when demand outpaces service capacity. Queues can be
modelled as stocks with inflow (arrival rate) and outflow (service rate). In a primary-care setting, the queue
of patients awaiting appointments can be represented as a stock, with the appointment-booking rate as the
outflow.

Challenge: Queue dynamics are sensitive to variability in arrival patterns and service times, requiring
stochastic modelling for accurate representation.

Service level — Service level denotes the performance target for delivering care, often expressed as a
proportion of demand met within a specified time frame (e.G., 90 % Of elective surgeries scheduled within
30days). Service-level targets become part of policy variables and are used to evaluate model outcomes.

Practical tip: Align service-level definitions with national guidelines to ensure comparability across
institutions.

Feedback delay — Feedback delay is the time taken for information about a system’s state to travel back to
the decision-maker and for corrective action to be implemented. In a hospital, the delay between rising
infection rates and the activation of infection-control measures can be critical. Feedback delays are often
the source of oscillations and policy resistance.

Application: Reducing feedback delays through real-time dashboards can improve system responsiveness.

System boundary — The system boundary delineates the scope of the model, separating internal elements
from external influences. Defining the boundary helps focus modelling effort and clarifies which variables
are treated as exogenous. A well-defined boundary prevents scope creep and ensures that the model
remains tractable.

Challenge: Stakeholders may have differing opinions on where the boundary should lie, necessitating
negotiation and consensus building.
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Dynamic equilibrium — Dynamic equilibrium refers to a state where the system continues to evolve but
maintains a stable pattern, such as a constant amplitude oscillation. In chronic disease management, a
dynamic equilibrium may arise when treatment adherence balances disease progression, resulting in a
steady prevalence.

Practical note: Recognising dynamic equilibrium helps avoid misinterpreting stable-looking patterns as true
steady state.

Policy feedback — Policy feedback occurs when a policy influences the very variables that generated the
need for that policy, creating a loop that can either reinforce or counteract the original problem. An
example is a policy that expands ICU beds, which may lead to higher admission rates, thereby perpetuating
demand for further expansion.

Challenge: Anticipating policy feedback requires thorough mapping of causal pathways before
implementation.

Stakeholder — A stakeholder is any individual or group with an interest in the system'’s performance,
including clinicians, patients, administrators, regulators, and funders. Engaging stakeholders throughout the
modelling process improves data quality, enhances model relevance, and builds support for subsequent
policy recommendations.

Application: Conduct stakeholder workshops to co-create causal loop diagrams and validate assumptions.

Model calibration — Model calibration aligns the simulated output with observed data by adjusting
parameters within plausible ranges. Calibration is iterative and often involves optimisation algorithms. In a
model of vaccination uptake, calibration would adjust the influence of public-trust variables until the
simulated coverage matches historical trends.

Challenge: Calibration must avoid over-fitting; it should be complemented by out-of-sample validation.

Parameter estimation — Parameter estimation is the process of deriving numerical values for model
parameters from data, literature, or expert elicitation. Techniques include regression analysis, maximum
likelihood estimation, and Bayesian methods. Accurate parameter estimation is fundamental for credible
simulation results.

Practical tip: Document the source and uncertainty of each estimated parameter to facilitate transparency.
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Monte Carlo simulation — Monte Carlo simulation runs the model many times with random variations in
parameters or inputs, generating a distribution of outcomes. This approach quantifies uncertainty and helps
decision-makers understand the range of possible futures. For instance, a Monte Carlo analysis of a new
screening programme can reveal the probability of achieving cost-effectiveness under different uptake
rates.

Challenge: Monte Carlo simulations can be computationally intensive; efficient coding and appropriate
sampling methods are essential.

Scenario planning — Scenario planning is a strategic exercise that explores distinct, plausible futures based
on varying assumptions about key drivers. In healthcare, scenarios might include “rapid technological
adoption,” "budget cuts,” or “pandemic resurgence.” System dynamics models provide a quantitative
foundation for evaluating each scenario’s impact on system performance.

Application: Use scenario planning to test robustness of policy proposals across multiple possible futures.

Policy evaluation — Policy evaluation assesses the effectiveness, efficiency, equity, and unintended
consequences of a policy after implementation. System dynamics models can be used prospectively for
ex-ante evaluation or retrospectively for post-implementation analysis. Evaluating a policy that reallocates
resources from acute to community care may involve comparing simulated outcomes with actual
post-implementation data.

Practical note: Combine quantitative model results with qualitative stakeholder feedback for a
comprehensive evaluation.

Model documentation — Model documentation records the purpose, structure, assumptions, data sources,
parameter values, and validation procedures of a model. Good documentation ensures reproducibility,
facilitates peer review, and supports knowledge transfer. In a healthcare system dynamics course, learners
are expected to produce a model-documentation report alongside their simulation results.

Challenge: Maintaining up-to-date documentation can be time-consuming, but it is essential for long-term
model sustainability.

Model transparency — Model transparency involves making the model’s logic, equations, and data openly
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accessible. Transparent models foster trust among stakeholders and enable independent verification. Using
open-source system-dynamics platforms enhances transparency and encourages collaborative
improvement.

Application: Publish model files and documentation on institutional repositories to promote reuse.

Model robustness — Model robustness describes the degree to which model conclusions hold under
variations in assumptions, parameters, or structural choices. Robustness testing includes sensitivity analysis,
scenario analysis, and stress testing. A robust model of emergency-department crowding would still predict
the same qualitative patterns even when patient arrival rates fluctuate within realistic bounds.

Practical tip: Emphasise robustness in reporting to demonstrate confidence in policy recommendations.

System thinking — System thinking is the mindset of viewing problems as parts of an interconnected whole
rather than isolated issues. It underpins system dynamics and encourages consideration of feedback, delays,
and non-linearities. In healthcare, system thinking prompts analysts to ask how changes in primary care
affect hospital admissions, which in turn influence community health outcomes.

Challenge: Shifting from linear, cause-and-effect thinking to holistic system thinking can be culturally
challenging for organisations accustomed to siloed approaches.

Boundary critique — Boundary critique is a reflective process that examines the assumptions underlying the
chosen system boundaries, questioning whose interests are served and whose perspectives are excluded.
This critique ensures that models do not unintentionally marginalise vulnerable groups. For example, a
model that omits social determinants of health may overlook critical drivers of health inequities.

Application: Conduct a boundary critique early in model development to identify missing variables and
stakeholders.

Dynamic complexity — Dynamic complexity refers to behaviour that arises from feedback loops, time delays,
and non-linear interactions, making the system’s response to interventions unpredictable. Healthcare
systems are rife with dynamic complexity, as seen in the interplay between antibiotic use, resistance
development, and infection rates.

Practical note: Embrace dynamic complexity rather than attempting to oversimplify; use models to
illuminate hidden patterns.
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Structural complexity — Structural complexity concerns the number of elements and interconnections in a
model. While richer structures can capture more detail, they also increase the difficulty of analysis and
communication. Striking a balance between structural richness and clarity is a key skill for system dynamics
practitioners.

Challenge: Overly complex models may suffer from “analysis paralysis,” where decision-makers are
overwhelmed by the volume of information.

Model reduction — Model reduction is the process of simplifying a model while preserving its essential
behaviour. Techniques include aggregating similar stocks, removing weak links, and linearising non-linear
functions. Reducing a model of a national health service from hundreds of variables to a manageable core
set can aid stakeholder comprehension.

Application: Use model reduction to create executive-level summaries that retain policy-relevant insights.

Feedback polarity — Feedback polarity indicates whether a causal link is reinforcing (+) or balancing (-).
Correctly assigning polarity is essential for accurate loop identification. In a CLD, the link from “staff
workload” to “error rate” is negative (higher workload increases errors), while the link from “error rate” to
"staff workload” may be positive (more errors lead to additional training, temporarily increasing workload).

Practical tip: Verify polarity with subject-matter experts to avoid mis-specifying loops.

Loop dominance — Loop dominance occurs when one feedback loop exerts a stronger influence on system
behaviour than other loops. Identifying the dominant loop helps target interventions effectively. In a
hospital readmission model, a reinforcing loop linking poor discharge planning to higher readmission rates
may dominate over balancing loops that involve follow-up appointments.

Challenge: Dominance can shift over time as external conditions change, requiring periodic re-assessment.

Policy lever — A policy lever is a specific intervention point that can be adjusted to influence system
dynamics. Levers may include resource allocation, process redesign, or regulatory changes. The concept of
levers aligns with the identification of leverage points, but focuses on actionable items. For example,
introducing a rapid-assessment clinic is a lever to reduce ED overcrowding.
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Application: Prioritise levers that are both high-impact and feasible within organisational constraints.

Counter-intuitive insight — Counter-intuitive insight describes a result that contradicts common intuition,
often uncovered through system dynamics modelling. An example is the “paradox of efficiency”: Improving
surgical throughput without increasing staffing can initially reduce waiting times but eventually lead to
higher complication rates, negating the efficiency gains.

Practical note: Highlight counter-intuitive insights to stimulate critical discussion among policymakers.

Model iteration — Model iteration is the cyclical process of refining a model based on new data, stakeholder
feedback, or emerging knowledge. Iteration is essential for keeping the model relevant as the underlying
healthcare environment evolves. Each iteration may involve adding new stocks, adjusting parameters, or
revising causal links.

Challenge: Managing version control and documentation across multiple iterations requires disciplined
workflow practices.

Data triangulation — Data triangulation combines multiple data sources (e.G., Administrative records,
surveys, and expert opinion) to improve the reliability of model inputs. In modelling patient flow,
triangulating admission logs with staffing rosters and patient-experience surveys yields a richer picture than
any single source alone.

Application: Use triangulation to reduce uncertainty in parameter estimation and enhance model credibility.

Model calibration horizon — The calibration horizon is the time span over which the model is tuned to
historical data. Selecting an appropriate horizon balances the need for sufficient data points against the risk
of over-fitting to a specific period. A calibration horizon of three years may be suitable for a chronic-disease
model, while a shorter horizon may be chosen for acute-event modelling.

Practical tip: Test multiple calibration horizons to assess sensitivity of results.

Policy simulation — Policy simulation runs the model under a specific set of policy variables to observe
projected outcomes. It enables decision-makers to explore “what-if" scenarios without real-world risk.
Simulating a policy that expands telemedicine services can reveal its impact on in-person appointment
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demand, travel costs, and patient satisfaction.

Challenge: Ensure that policy simulations incorporate realistic implementation constraints, such as training
timelines and technology adoption curves.

Model fidelity — Model fidelity refers to the degree to which a model accurately represents the real system.
High fidelity models capture detailed mechanisms but may be less flexible, while low fidelity models are
more abstract but easier to communicate. Selecting the appropriate fidelity level depends on the purpose
of the model and the availability of data.

Application: Use high-fidelity models for detailed operational planning and low-fidelity models for strategic
scenario analysis.

Stakeholder mapping — Stakeholder mapping identifies all relevant parties, their interests, influence, and
relationships to the system. This exercise informs model scope, data collection, and communication
strategies. In a regional health-workforce model, mapping includes hospital administrators, clinical staff,
education providers, and patient advocacy groups.

Practical note: Update the stakeholder map as the project progresses to capture evolving interests.

Policy paradox — A policy paradox arises when a well-intended intervention produces outcomes that are
opposite to the intended goals. The classic “paradox of the “double-edged sword"” in antibiotic stewardship
illustrates how restricting antibiotic use may inadvertently increase the use of broader-spectrum agents,
fostering resistance. System dynamics can uncover such paradoxes by revealing hidden feedback loops.

Challenge: Detecting policy paradoxes requires thorough loop analysis and validation against empirical
evidence.

Model transparency — Model transparency ensures that the assumptions, equations, and data underpinning
the model are openly disclosed. Transparent models foster trust among stakeholders and facilitate peer
review. Using open-source platforms and providing annotated code are practical ways to achieve
transparency.

Application: Encourage collaborative model development by sharing model files on institutional
repositories.

Read online: https://certificates.gsbf.co.uk/guides/15124152/ Greenwich School of Business and Finance - 26 Jul 2026
introduction-to-system-dynamics



GSBF

Greenwich School of
Business and Finance

Change your life. Start from here

Dynamic hypothesis testing — Dynamic hypothesis testing compares alternative causal explanations by
building competing models and evaluating which best fits observed data. In a study of readmission drivers,
one hypothesis may stress discharge planning quality, while another emphasises community support
availability. Testing both models helps isolate the dominant mechanisms.

Practical tip: Use information-criteria metrics (e.G., AlC, BIC) to compare model fit objectively.

Policy trade-off — Policy trade-off acknowledges that improving one performance metric may degrade
another. For instance, increasing throughput in an operating-theatre may reduce surgical quality if staff
fatigue rises. System dynamics models make trade-offs explicit by displaying multiple outcome variables
simultaneously.

Challenge: Communicating trade-offs to non-technical audiences requires clear visualisation and narrative
framing.

Model scalability — Model scalability concerns the ability to extend a model to larger geographic areas,
longer time frames, or additional system components without losing accuracy. A scalable model of
chronic-disease management can be applied from a single clinic to an entire health-trust.

Application: Design modular model components that can be reused across different contexts.

Implementation lag — Implementation lag is the period between policy decision and actual execution. This
lag can affect the timing of feedback and the effectiveness of interventions. In a vaccination rollout,
procurement, distribution, and administration each introduce implementation lags that must be accounted
for in the model.

Practical note: Incorporate realistic implementation lags to avoid over-optimistic projections.

Learning curve — The learning curve represents the improvement in performance as experience with a
process accumulates. In a new electronic-prescribing system, error rates may decline as staff become
familiar with the interface. Modelling learning curves can capture the gradual reduction in adverse events
over time.

Challenge: Quantifying learning rates often requires longitudinal data that may not be readily available.
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Policy inertia — Policy inertia describes the resistance of a system to change, often due to entrenched
routines, organisational culture, or regulatory constraints. Inertia can dampen the impact of new policies,
leading to slower-than-expected improvements. Modelling inertia involves adding delay or resistance terms
to feedback loops.

Application: Identify inertia sources to design complementary measures that accelerate change.

Model robustness testing — Robustness testing assesses how model outcomes vary under extreme but
plausible assumptions. This includes stress-testing the model with worst-case scenarios, such as sudden
surges in disease incidence. Robustness testing helps ensure that policy recommendations remain valid
under adverse conditions.

Practical tip: Document the range of assumptions used in robustness testing for transparency.

Policy horizon — The policy horizon defines the planning period over which policy impacts are evaluated.
Short-term horizons focus on immediate operational effects, while long-term horizons address strategic
outcomes such as population health improvements. Selecting an appropriate policy horizon aligns model
outputs with decision-maker timelines.

Challenge: Long horizons increase uncertainty, necessitating careful communication of confidence intervals.

Model abstraction — Model abstraction simplifies reality by focusing on essential elements while omitting
less critical details. The level of abstraction determines model complexity and usability. In a model of
mental-health service pathways, abstraction may involve representing multiple treatment modalities as a
single "therapy” stock.

Application: Use abstraction to keep the model tractable for stakeholders with limited technical expertise.

System archetype identification — Identifying system archetypes involves matching observed behaviour
patterns to known archetypal structures.

Read online: https://certificates.gsbf.co.uk/guides/15124152/ Greenwich School of Business and Finance - 26 Jul 2026
introduction-to-system-dynamics



