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For further information on how to use this tool or specifics about each item, refer to The Development of a 
Model Validation Tool to Assist in the Conduct of Economic Evaluations.

Validation of the Conceptual Model
Decision Problem
The decision problem relates to interventions to be compared, the population(s) in which they are compared, 
the perspective for the evaluation, which costs and outcomes are to be considered, and the time horizon of 
the evaluation.

If any item is not present, the model may not reflect the decision problem and therefore its conclusions may 
not be valid.

Table 1: Validation of Decision Problem (Items 1 to 5)
Item Description Yes No NA

1 The model built is reflective of the stated population that the decision problem applies to. —

2 The model can examine key subgroups within the population of interest. —

3 The model assesses all comparators used to currently treat the stated population. —

4 The model incorporates costs that are consistent with the specified perspective of the 
analysis. —

5 The model assesses all outcomes deemed important by clinicians and patients. —

Model Specification
Model specification relates to the choice of model type, the health states that are modelled, and, when 
applicable, the choice of cycle length. When building a model, it is important to consider what would be 
an appropriate specification of the model. To undertake this, it is worthwhile to consider what you would 
consider an optimal specification of the model. This can be informed by 2 distinct processes: a review of 
existing models in the area and a formal consideration of the disease process and clinical pathway. This is 
required to help ensure external validity of the model.

Table 2: Validation of Model Specification (Items 6 and 7) 
Item Description Yes No NA

6 The structure of the model (i.e., the process and clinical pathway) has been validated by 
clinical experts. —

7 The model follows previous models in this clinical area or justification has been provided 
about why the model structure differs from previous models.
[Select NA if there are no previous models in this clinical area.]

https://www.cadth.ca/model-validation-appraisal-tool
https://www.cadth.ca/model-validation-appraisal-tool
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Modelling of Clinical Effectiveness
One component of the conceptual model that will have a large impact on the results of the related analysis 
is the process by which clinical effectiveness is incorporated within the model. It is important to consider 
issues such as the quality and consistency of the evidence, the assumed duration of the effect, double 
counting of benefit, and appropriate consideration of uncertainty.

Note the following does not consider the quality or robustness of the evidence considered. Please refer to 
the CADTH guidelines for guidance on evidence appraisal.

How Was Clinical Evidence Modelled?
The following items apply to state transition models. Some of the items in this section may not be applicable 
for decision trees or discrete event simulations. In these cases, select NA. For more complicated models, 
further validation steps will likely be required.

Table 3: Validation of Clinical Effectiveness (Items 8 to 25) 
Item Description Yes No NA

8 Time spent in each health state, for each technology assessed, can be extracted from the 
model.
[Select NA if the model does not utilize health states (e.g., a decision tree) and skip item 9.]

9 The model output matches the evidence provided to support time spent in health states 
among technologies. —

10 If clinical events are modelled (i.e., hospitalizations, exacerbations, strokes, hip fractures), 
the number of events for each technology can be extracted from the model.
[Select NA if clinical events are not relevant to the decision problem and skip item 11.]

11 Model output matches the evidence provided to support the number of clinical events 
across technologies. —

12 The impact of adverse events on health outcomes and costs can be extracted from the 
model.
[Select NA if adverse events are not relevant to the decision problem and skip item 13.]

—

13 The model output matches evidence provided for adverse event type and frequency from 
the evidence. —

14 Life-years are reported as a result within the model. —

15 The impact the evaluated technologies has on mortality is clear.
[Select NA if there are no differences in mortality and skip items 16, 17, and 18.]

16 If differences in mortality are noted in Item 15, select the reasons for differing mortality in 
the model (more than 1 reason can be selected): — — —

a. Duration of time spent in health states lead to higher mortality risk. —

b. There is a difference in the frequency of fatal clinical events. —

c. There is a difference in the frequency of fatal adverse events. —
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Item Description Yes No NA

d. Direct impact on risk of death, not stated previously, has been modelled (i.e., direct 
modelling of overall survival from the trial). —

17 If there are mortality differences between technologies, the model can extract which of the 
reasons from item 16 has the largest impact on incremental life-years. —

18 Model output matches evidence regarding mortality rates between different technologies. —

19 It is clear that the model does not utilize technology-specific utilities. —

20 Based on the results from the submitted model, it can be determined which of the following 
has the largest impact on cost-effectiveness conclusions: time spent in health states, 
number of clinical events occurring, adverse events, and mortality.

—

21 The model distinguishes data that are based on extrapolation methods (i.e., using 
parametric survival analysis).
[Select NA if no extrapolation is required.]

22 The model time horizon can be adjusted for just the period for which there are clinical data 
available.
[Select NA if the data cover the full period for which clinical data are available.]

23 If the model incorporates both direct and indirect effects, it is clear how double counting 
has been avoided (e.g., a direct effect applies to mortality through applying a hazard ratio 
to overall survival and an indirect effect is applied to the probability of an event or transition 
that is associated with a mortality risk).
[Select NA if only direct or indirect effects are included.]

24 Does the modelled relationship between surrogate outcomes and final outcomes (quality of 
life and mortality) match the evidence presented?
[Select NA if no surrogate outcomes are used.]

25 The model allows flexibility to explore waning of treatment effects OR evidence and 
rationale is provided that suggests treatment effects are permanent and enduring.
[Select NA if no extrapolation of treatment effect is required.]

Computer Model Validation and Verification
The process of model verification can be separated into 2 distinct processes which are akin to those adopted 
in software verification: assessment of model behaviour (black box testing) then scrutinization of the coding 
of the model (white box testing). It is important that these processes are conducted in the correct order.

To enable black box and white box testing, there are essential features of the model that need to be in place. 
The following section relates to these essential features.
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Model Transparency

Table 4: Validation of Model Transparency (Items 26 to 28)
Item Description Yes No NA

26 The model can access the deterministic result and the results from single Monte Carlo 
simulations. —

27 A clear trace can be identified that links all input parameters to final outcomes (i.e., only 
input parameters are hard coded). —

28 Macros are exclusively related to first- or second-order simulation and model navigation 
(exclusive to models built in Microsoft Excel). —

Assessment of Model Behaviour (Black Box Verification)
The first process involves ascertaining whether changing the inputs of the model leads to results that meet 
the general expectations of the reviewer. This is referred to as black box testing because it does not require 
the reviewer to know the inner workings of the model. If, during black box testing, the model fails to provide 
results that are explainable, the reviewer could conduct detailed white box testing (refer to Table 6) to 
determine why the results are not as expected.

The following items include a range of possible black box tests.

Table 5: Validation of Assessment of Model Behaviour (Items 29 to 46)
Item Description Yes No NA

29 You can set the effectiveness of different technologies such that QALY estimates are equal. —

30 When you set effectiveness values to be extremely in favour of or against 1 technology, this 
leads to substantially greater or reduced QALY estimates. —

31 When you set effectiveness values for 1 technology to be slightly improved or reduced, this 
leads to greater or reduced QALY estimates. —

32 When you increase mortality risk for each health state or event, this leads to lower QALYs 
and life-years for all technologies. —

33 When you reduce mortality risk for each health state or event, this leads to greater QALYs 
and life-years for all technologies. —

34 When you increase baseline risks of events, this leads to lower QALYs for all technologies. —

35 When you reduce baseline risks of events, this leads to higher QALYs for all technologies. —

36 When you set mortality to be zero (i.e., patients do not enter the death state), life-years are 
identical across technologies. —

37 When you increase the cost of a technology, the only output impacted is the total lifetime 
costs for strategies that include that technology; likewise, there is no effect on QALYs or 
life-years.

—

38 When you set all utilities to 1 and all disutilities to zero, the estimated QALYs are equivalent 
to life-years. —
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Item Description Yes No NA

39 For evaluations with a time horizon greater than 1 year, when you set the discount rate to 
0%, the costs and QALYs for all interventions increase.
[Select NA if the time horizon is shorter than 1 year because discounting is only relevant for 
models with time horizons longer than 1 year.]

40 For evaluations with a time horizon greater than 1 year, if you increase the discount rate, the 
costs and QALYs for all interventions decrease.
[Select NA if the time horizon is shorter than 1 year because discounting is only relevant for 
models with time horizons longer than 1 year.]

41 When you reduce the time horizon of the evaluation (the period costs and QALYs are 
estimated) this leads to lower estimated costs and QALYs for all interventions. —

42 It is possible to switch the inputs for 2 technologies and get the same results as before, 
meaning by changing the inputs (effectiveness, costs, QALYs), the model structure for any 
decision alternative can be used to model any other decision alternative.

—

43 You can calculate the correlation between the costs and QALYs for different technologies 
across the Monte Carlo simulation replications. —

44 Based on the results of the Monte Carlo simulation, there is a strong correlation between 
the estimates of costs (i.e., the estimated costs from each replication) for different 
technologies.

—

45 Based on the results of the Monte Carlo simulation, there is a strong correlation between 
the estimates of QALYs (i.e., the estimated QALYs from each replication) for different 
technologies.

—

46 The results of the deterministic analysis are broadly in line with the results of the 
probabilistic analysis. Justification is provided about why deterministic and probabilistic 
results are different.

—

Scrutinization of Model Coding (White Box Verification)
The purpose of the second process is to establish whether the links between inputs and outputs are 
appropriate. This involves checking the detailed model calculations (white box testing). White box testing 
requires scrutinizing the formulas in a spreadsheet that link input parameters and outcomes. White box 
testing can identify the root of possible issues raised by black box testing. Black box testing cannot identify 
whether the model is providing correct results. This can only be ascertained through white box testing. Thus, 
white box testing should not be limited to areas of concern raised by black box testing but should focus on 
appraising the coding of the model with respect to all parameters that are determined to be important (either 
a priori or ex ante).
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Table 6: Validation of Model Coding (Items 47 and 48)
Item Description Yes No NA

47 You can work backward from the results of the model to the location where inputs are 
entered.
[For example, if you take the total costs associated with an intervention, can you work back 
from this value to determine how it was estimated and what inputs were used to derive this 
value?]

—

48 You can work forward from the location where inputs are entered to the results of a single 
Monte Carlo simulation.
[For example, if you take a random input into the model (e.g., technology cost), can you 
trace how this input influences costs and or QALYs in the model?]

—

General Issues of Concern
The following relates to common issues of concern expressed by the health economists consulted for this 
work regarding models built in Microsoft Excel. The issues are of direct relevance to white box testing. The 
following functions should be avoided to ensure model transparency and affect the reliability of the model 
analysis. Often these functions are used to override user-provided inputs.

Table 7: General Issues of Concern (Items 49 to 53)
Item Description Yes No NA

49 The use of the following functions limit model transparency, are inefficient, and are not 
required:
•	IFERROR, IFNA, ISERROR, ISERR, or ISNA

•	CHOOSE, INDIRECT, OFFSET, and INDEX
The model makes no or limited use of these statements.

—

50 The model has no hidden sheets, rows, and columns. —

51 The model is free of user-created formulas embedded within VBA macros. —

52 Parameters are not reset to default values after macros (e.g., for a Monte Carlo simulation) 
are run. —

53 All input parameters that influence model results are provided in a transparent manner, 
preferably in a single worksheet. —
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Disclaimer: The information in this document is intended to help Canadian health care decision-makers, health care professionals, health systems leaders, and policy-
makers make well-informed decisions and thereby improve the quality of health care services. While patients and others may access this document, the document is 
made available for informational purposes only and no representations or warranties are made with respect to its fitness for any particular purpose. The information 
in this document should not be used as a substitute for professional medical advice or as a substitute for the application of clinical judgment in respect of the care 
of a particular patient or other professional judgment in any decision-making process. The Canadian Agency for Drugs and Technologies in Health (CADTH) does not 
endorse any information, drugs, therapies, treatments, products, processes, or services.

While care has been taken to ensure that the information prepared by CADTH in this document is accurate, complete, and up-to-date as at the applicable date the 
material was first published by CADTH, CADTH does not make any guarantees to that effect. CADTH does not guarantee and is not responsible for the quality, currency, 
propriety, accuracy, or reasonableness of any statements, information, or conclusions contained in any third-party materials used in preparing this document. The views 
and opinions of third parties published in this document do not necessarily state or reflect those of CADTH.

CADTH is not responsible for any errors, omissions, injury, loss, or damage arising from or relating to the use (or misuse) of any information, statements, or conclusions 
contained in or implied by the contents of this document or any of the source materials.

This document may contain links to third-party websites. CADTH does not have control over the content of such sites. Use of third-party sites is governed by the 
third-party website owners’ own terms and conditions set out for such sites. CADTH does not make any guarantee with respect to any information contained on such 
third-party sites and CADTH is not responsible for any injury, loss, or damage suffered as a result of using such third-party sites. CADTH has no responsibility for the 
collection, use, and disclosure of personal information by third-party sites.

Subject to the aforementioned limitations, the views expressed herein are those of CADTH and do not necessarily represent the views of Canada’s federal, provincial, or 
territorial governments or any third-party supplier of information.

This document is prepared and intended for use in the context of the Canadian health care system. The use of this document outside of Canada is done so at the 
user’s own risk.

This disclaimer and any questions or matters of any nature arising from or relating to the content or use (or misuse) of this document will be governed by and 
interpreted in accordance with the laws of the Province of Ontario and the laws of Canada applicable therein, and all proceedings shall be subject to the exclusive 
jurisdiction of the courts of the Province of Ontario, Canada.

The copyright and other intellectual property rights in this document are owned by CADTH and its licensors. These rights are protected by the Canadian Copyright Act 
and other national and international laws and agreements. Users are permitted to make copies of this document for non-commercial purposes only, provided it is not 
modified when reproduced and appropriate credit is given to CADTH and its licensors.

About CADTH: CADTH is an independent, not-for-profit organization responsible for providing Canada’s health care decision-makers with objective evidence to help 
make informed decisions about the optimal use of drugs, medical devices, diagnostics, and procedures in our health care system.

Funding: CADTH receives funding from Canada’s federal, provincial, and territorial governments, with the exception of Quebec.

Questions or requests for information about this report can be directed to Requests@​CADTH​.ca
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