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Abstract

Avoiding and identifying errors in health technology
assessment models: qualitative study and

methodological review

J Chilcott,* P Tappenden, A Rawdin, M Johnson, E Kaltenthaler,

S Paisley, D Papaioannou and A Shippam

School of Health and Related Research (ScHARR), Regent Court, Sheffield, UK

*Corresponding author

Background: Health policy decisions must be
relevant, evidence-based and transparent. Decision-
analytic modelling supports this process but its role

is reliant on its credibility. Errors in mathematical
decision models or simulation exercises are
unavoidable but little attention has been paid to
processes in model development. Numerous error
avoidance/identification strategies could be adopted
but it is difficult to evaluate the merits of strategies
for improving the credibility of models without first
developing an understanding of error types and causes.
Objectives: The study aims to describe the current
comprehension of errors in the HTA modelling
community and generate a taxonomy of model errors.
Four primary objectives are to: (I) describe the
current understanding of errors in HTA modelling;

(2) understand current processes applied by the
technology assessment community for avoiding errors
in development, debugging and critically appraising
models for errors; (3) use HTA modellers’ perceptions
of model errors with the wider non-HTA literature
to develop a taxonomy of model errors; and (4)
explore potential methods and procedures to reduce
the occurrence of errors in models. It also describes
the model development process as perceived by
practitioners working within the HTA community.
Data sources: A methodological review was
undertaken using an iterative search methodology.
Exploratory searches informed the scope of
interviews; later searches focused on issues arising
from the interviews. Searches were undertaken in
February 2008 and January 2009. In-depth qualitative
interviews were performed with 12 HTA modellers
from academic and commercial modelling sectors.
Review methods: All qualitative data were analysed
using the Framework approach. Descriptive and
explanatory accounts were used to interrogate

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

the data within and across themes and subthemes:
organisation, roles and communication; the model
development process; definition of error; types of
model error; strategies for avoiding errors; strategies
for identifying errors; and barriers and facilitators.
Results: There was no common language in

the discussion of modelling errors and there was
inconsistency in the perceived boundaries of what
constitutes an error. Asked about the definition of
model error, there was a tendency for interviewees
to exclude matters of judgement from being errors
and focus on ‘slips’ and ‘lapses’, but discussion of slips
and lapses comprised less than 20% of the discussion
on types of errors. Interviewees devoted 70% of

the discussion to softer elements of the process

of defining the decision question and conceptual
modelling, mostly the realms of judgement, skills,
experience and training. The original focus concerned
model errors, but it may be more useful to refer

to modelling risks. Several interviewees discussed
concepts of validation and verification, with notable
consistency in interpretation: verification meaning
the process of ensuring that the computer model
correctly implemented the intended model, whereas
validation means the process of ensuring that a
model is fit for purpose. Methodological literature on
verification and validation of models makes reference
to the Hermeneutic philosophical position, highlighting
that the concept of model validation should not

be externalised from the decision-makers and the
decision-making process. Interviewees demonstrated
examples of all major error types identified in the
literature: errors in the description of the decision
problem, in model structure, in use of evidence, in
implementation of the model, in operation of the
model, and in presentation and understanding of
results. The HTA error classifications were compared
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against existing classifications of model errors in

the literature. A range of techniques and processes
are currently used to avoid errors in HTA models:
engaging with clinical experts, clients and decision-
makers to ensure mutual understanding, producing
written documentation of the proposed model,
explicit conceptual modelling, stepping through
skeleton models with experts, ensuring transparency
in reporting, adopting standard housekeeping
techniques, and ensuring that those parties involved
in the model development process have sufficient and
relevant training. Clarity and mutual understanding
were identified as key issues. However, their current
implementation is not framed within an overall
strategy for structuring complex problems.
Limitations: Some of the questioning may have
biased interviewees responses but as all interviewees
were represented in the analysis no rebalancing of the
report was deemed necessary. A potential weakness
of the literature review was its focus on spreadsheet
and program development rather than specifically

on model development. It should also be noted that
the identified literature concerning programming
errors was very narrow despite broad searches being
undertaken.

Conclusions: Published definitions of overall model
validity comprising conceptual model validation,
verification of the computer model, and operational

validity of the use of the model in addressing the
real-world problem are consistent with the views
expressed by the HTA community and are therefore
recommended as the basis for further discussions of
model credibility. Such discussions should focus on
risks, including errors of implementation, errors in
matters of judgement and violations. Discussions of
modelling risks should reflect the potentially complex
network of cognitive breakdowns that lead to errors
in models and existing research on the cognitive basis
of human error should be included in an examination
of modelling errors. There is a need to develop a
better understanding of the skills requirements for
the development, operation and use of HTA models.
Interaction between modeller and client in developing
mutual understanding of a model establishes that
model’s significance and its warranty. This highlights
that model credibility is the central concern of
decision-makers using models so it is crucial that the
concept of model validation should not be externalised
from the decision-makers and the decision-making
process. Recommendations for future research

would be studies of verification and validation; the
model development process; and identification of
modifications to the modelling process with the aim of
preventing the occurrence of errors and improving the
identification of errors in models.
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Executive summary

Background

The National Institute for Health and Clinical
Excellence (NICE) in England and Wales and
similar structures elsewhere are required to

make health policy decisions that are relevant,
evidence-based and transparent. Decision-analytic
modelling is well placed to support this process.
The key role that models play is, however, reliant
on their credibility. Credibility in models depends
on a range of factors including the coherence of
the model with the beliefs and attitudes of the
decision-makers, the decision-making framework
within which the model is used, the validity of the
model in being an adequate representation of the
problem in hand and the quality of the model. A
recent study investigating the quality of models
used to support national policy-making in Australia
reported that 203 of 247 models reviewed were
considered by the investigators to be flawed in
some respect.

Errors in mathematical decision models or
simulation exercises are a natural and unavoidable
part of the software development process. However,
little attention has been paid to the processes
involved in model development. Good practice
guidance either acknowledges the absence of
methodological and procedural guidance on
model development and testing or makes no
reference to the issue. Numerous error avoidance/
identification strategies could be adopted,
potentially impacting upon the whole range

of disciplines involved in the decision support
process, including information specialists, health
economists, statisticians, systematic reviewers

and operational research modellers. However, it

is difficult to evaluate the merits of strategies for
improving the credibility of models without first
developing an understanding of error types and
causes. This study seeks to understand the nature
of errors within HTA models, to describe current
processes for minimising the occurrence of such
errors and to develop a first classification of errors
to aid discussion of potential strategies for avoiding
and identifying errors.

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

Aim and objectives

The study aims to describe the current
comprehension of errors in the HTA modelling
community and to generate a taxonomy of model
errors to facilitate discussion and research within
the HTA modelling community, on strategies for
reducing errors and improving the robustness of
modelling for HTA decision support.

The study has four primary objectives:

1. to describe the current understanding of errors
in HTA modelling, focusing specifically on:
i. types of errors
ii. how errors are made

2. to understand current processes applied by the
technology assessment community for avoiding
errors in the development, debugging models
and critically appraising models for errors

3. touse HTA modellers’ perceptions of model
errors together with the wider non-HTA
literature to develop a taxonomy of model
errors

4. to explore potential methods and procedures
to reduce the occurrence of errors in models.

In addition, the study describes the model
development process as perceived by practitioners
working within the HTA community; this emerged
as an intermediate objective for considering the
occurrence of errors in models.

Methods

The study involved two parallel methodological
strands. The first strand involved a methodological
review of literature discussing model errors. The
second strand comprised in-depth qualitative
interviews with 12 HTA modellers, including
representatives from academic and commercial
modelling sectors. All qualitative data were
analysed using the Framework approach.
Descriptive and explanatory accounts were used to
interrogate the data within and across themes and
subthemes.
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The themes identified within the analysis are:

* organisation, roles and communication
* the model development process

* definition of error

* types of model error

* strategies for avoiding errors

* strategies for identifying errors

* Dbarriers and facilitators.

Results

Current understanding of
modelling errors in the HTA
community

There is a general consensus that an important
part of the definition of what constitutes an error is
its impact on decision-making. This indicates that
a pragmatic approach is generally taken across the
HTA modelling community. Despite this implied
common outlook, there was no common language
used in the discussion of modelling errors and
inconsistency in the perceived boundaries of what
constitutes an error. When asked explicitly about
the definition of model error, there was a tendency
for interviewees to exclude matters of judgement
from being errors and focus on ‘slips’ and ‘lapses’.
However, discussion of slips and lapses comprised
less than 20% of the discussion on types of errors.
When considering how individual elements of

the modelling process might contribute to flaws

in decision-making, interviewees devoted 70% of
the discussion to softer elements of the process

of defining the decision question and conceptual
modelling, mostly the realms of judgement, skills,
experience and training.

Although the original focus of the study concerned
model errors, when considering methods of
improving modelling practice it may be more
useful to refer to modelling risks rather than the
more black and white term modelling errors.
Several interviewees discussed concepts of
validation and verification, with notable consistency
in interpretation. Verification was taken to mean
the process of ensuring that the computer model
correctly implemented the intended model,
whereas validation meant the process of ensuring
that a model is fit for purpose (hence subsuming
verification). The qualitative analysis highlights
considerable variation in modelling practice across
the HTA modelling community, particularly in
terms of the demonstration of explicit conceptual
modelling before implementation. Methodological
literature suggests that overall validity comprises

conceptual model validity, verification of the
computer model, and operational validity of the
use of the model in addressing the real-world
problem. In the absence of explicit conceptual
modelling, the concept of overall model validity
breaks down.

The methodological literature on verification

and validation of models makes reference to the
Hermeneutic philosophical position that recognises
that objectivity is unachievable and suggests

that meaning is created through intersubjective
communication. The literature proposes that it is
the interaction between the modeller and client in
developing mutual understanding of a model that
establishes a model’s significance and its warranty.
This position highlights that model credibility is
the central concern to decision-makers in using
models as an input to the decision-making process.
This highlights the point that the concept of model
validation should not be externalised from the
decision-makers and the decision-making process.

A taxonomy of HTA modelling
errors

Interviewees collectively demonstrated examples of
all major error types identified in the literature on
errors in end-user developer spreadsheet systems.
Broad error domains include: (1) errors in the
description of the decision problem; (2) errors in
model structure; (3) errors in the use of evidence;
(4) errors in the implementation of the model;

(5) errors in the operation of the model; and (6)
errors in the presentation and understanding of
results. Each error domain contains a breakdown
of error types and their potential root causes. The
HTA errors classifications were compared against
existing classifications of model errors identified
within the literature.

Current strategies for avoiding
errors

The qualitative analysis suggests that a range of
techniques and procedures are currently used to
avoid errors in HTA models. Importantly, there

is some overlap between methods used to identify
errors and methods used to avoid errors in models.
Strategies for error avoidance are loosely defined as
either processes or techniques; the former relate to
issues in the model development process, whereas
the latter relate to techniques of implementation.
Generally, the ‘techniques’ are explicit and can be
interpreted as relating to how something should

be done, for example, implementing a specific



DOI: 10.3310/htal 4250

Health Technology Assessment 2010; Vol. 14: No. 25

model layout. Conversely, the ‘processes’ recognise
an unfulfilled requirement and acknowledge that
something should be done as part of the model
development process, yet in many cases this is not
accompanied by a clear strategy for achieving the
required goal. Current methods for avoiding errors
include: engaging with clinical experts, clients and
decision-makers to ensure mutual understanding,
producing written documentation of the proposed
model, explicit conceptual modelling, e.g. using
diagrams and sketches, stepping through skeleton
models with experts, ensuring transparency in
reporting, adopting standard housekeeping
techniques, and ensuring that those parties
involved in the model development process

have sufficient and relevant training. Clarity and
mutual understanding were identified as key
issues. Current strategies supporting these aspects
of model development are expressed as process
requirements, for example, establishment of long-
term clinical input and iterative negotiation with
the decision-maker or client may be used to avoid
errors in the description of the decision problem.
Although a number of techniques were suggested
by the interviewees, for instance, sketching out
clinical pathways, their use appears to be partial,
and the extent of their use appears to vary
considerably between individual modellers. Despite
an acknowledgement of the importance of these
methods, their current implementation is not
framed within an overall strategy for structuring
complex problems.

Current strategies for
identifying errors in HTA
models

Methods for identifying errors in HTA models
include checking face validity, assessing whether
model results appear reasonable, black-box
testing strategies, testing internal consistency and
predictive validity, checking model input values,
double-programming and peer review. These
strategies largely relate to specific techniques
(rather than processes) that may be applied by
third-party scrutiny. However, the specific target
of the techniques, i.e. the types of error that the
technique is intended to identify, is not always clear.
The majority of methods may be used to identify
symptoms of errors; however, the root cause may be
entirely unclear. This represents a considerable
challenge in the peer review of models. The

same may be true of certain black-box validation
techniques; only the tests of the underlying logic
of the model guarantee the presence of an error.

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

Those error identification methods which do map
directly to specific aspects of the taxonomy are
diagnostic in nature; mismatches in model results
and expectations are indicative of the presence

of model error. Those aspects which map to any

or all points in the taxonomy are effectively non-
specific model screening methods; the presence of
differences between models and prior expectations
are not necessarily the result of a model error.

Recommendations

* Published definitions of overall model validity
comprising conceptual model validation,
verification of the computer model, and
operational validity of the use of the model
in addressing the real-world problem are
consistent with the views expressed by the HTA
community and are therefore recommended
as the basis for further discussions of model
credibility.

* Discussions of model credibility should focus
on risks, including errors of implementation,
errors in matters of judgement and violations
— violations being defined as puffery, fraud or
breakdowns in operational procedures.

* Discussions of modelling risks should reflect
the potentially complex network of cognitive
breakdowns that lead to errors in models
and subsequent failures in decision support.
Existing research concerning the cognitive
basis of human error should be brought into
the examination of modelling errors.

* There is a need to develop a better
understanding of the skills requirements for
the development, operation and use of HTA
models.

* The qualitative interviews highlighted a
number of barriers to model checking.
However, it was indicated that increasing time
and resources would not necessarily improve
model checking activities without a matched
increase in their prioritisation.

* The authors take the view, as supported
within the methods literature, that it is the
interaction between the modeller and client in
developing mutual understanding of a model
that establishes a model’s significance and its
warranty. This position highlights that model
credibility is the central concern to decision-
makers in using models. It is crucial then that
the concept of model validation should not be
externalised from the decision-makers and the
decision-making process.

Xi
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Research recommendations
Verification and validation

Most modellers instinctively take a pragmatic
approach to developing model credibility. Further
research on the theory of model verification and
validation is required to provide a solid foundation
for (1) the model development process and (2)
processes for making evidence-based policy and
guidance.

Model development process

Further research is required in the model
development process. Two specific areas were
identified:

* techniques and processes for structuring
complex HTA models, developing mutual
understanding and identifying conflicting

perceptions between stakeholders in the
decision problem

* development of the model design process
and mechanisms for reporting and specifying
models.

Errors research

There is little evidence to suggest that models

are improving in reliability. Further research

is required to define, implement and evaluate
modifications to the modelling process with the
aim of preventing the occurrence of errors and
improving the identification of errors in models.
Mechanisms for using National Institute for Health
Research-funded model developments to facilitate
this research could be pursued, for example, by
providing research funding for the specification
and evaluation of enhanced modelling methods
within National Institute for Health Research-
funded studies.
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Chapter |

Introduction

Background

The National Institute for Health and Clinical
Excellence (NICE) in England and Wales and
similar structures elsewhere are required to make
health-policy decisions that are relevant, evidence-
based and transparent. Decision-analytic modelling
is recognised as being well placed to support this
process.' The key role that models play is, however,
reliant on their credibility. Credibility in decision
models depends on a range of factors including
the coherence of the model with the beliefs and
attitudes of the decision-makers, the decision-
making framework within which the model is
used, the validity of the model as an adequate
representation of the problem in hand and the
quality of the model.

The predominant software platform for Health
Technology Assessment (HTA) models is the
spreadsheet. In studies of generic spreadsheet
system development, there is abundant evidence
of the ubiquity of errors and some evidence of
their potential to impact critically on decision-
making. The European Spreadsheet Risks Interest
Group (EuSPRIG) maintains a website recording
research on risks in spreadsheet development

and on public reports of errors (www.eusprig.org/
accessed 20 February 2009). In 1993, Cragg and
King? undertook an investigation of spreadsheet
development practices in 10 organisations

and found errors in 25% of the spreadsheets
considered. Since 1998, Panko® has maintained a
review of spreadsheet errors and this suggests that
spreadsheet error rates are consistent with error
rates in other programming platforms, and when
last updated in 2008 error rates had not shown any
marked improvement.

To date, there has been no formal study of the
occurrence of errors in models within the HTA
domain. However, high-impact errors have been
recorded, perhaps the earliest being the case of
the sixth stool guaiac test, where Neuhauser and
Lewicki* estimated an incremental cost of $47
million per case of colorectal cancer detected.
Brown and Burrows® subsequently identified an
error in the model and generated a comparatively
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modest corrected estimate. The grossly inflated
incorrect figure has, however, subsequently been
used (and is still in use) by authors including
Culyer® and Drummond et ¢l.”® in their

seminal texts to demonstrate the importance of
incremental analysis in health economics. The
failure in this case was traced back to an error in
the interpretation and subsequent modelling of
diagnostic test characteristics. In a study in 2000
investigating the quality of models used to support
a national policy-making process, Australia’s
Pharmaceutical Benefit Advisory Committee
(PBAC) reported that around 60% were flawed
in some way and 30% demonstrated problems

in the modelling.? Although it is tempting to
think that things may get better over time, a
recent repeat retrospective analysis reported in
2008 demonstrated that in fact the situation had
appeared to deteriorate with 82% (203 out of 247)
of models reviewed being considered by PBAC to
be flawed in some respect.'

Errors in software implementing mathematical
decision models or simulation exercises are a
natural and unavoidable part of the software
development process.'! This is recognised

outside the HTA domain and accordingly there
exists research, for example in the computer
sciences field and in the operational research

field, in model testing and verification. In

contrast, the modelling research agenda within
HTA has developed primarily from a health-
services research, health economics and statistics
perspective and there has to date, been very little
attention paid to the processes involved in model
development.'? The extent of this shortcoming is
reflected in the fact that guidance on good practice
either acknowledges the absence of methodological
and procedural guidance on model development
and testing processes, or, makes no reference to the
issue.'*7

A wide range of strategies could be adopted with
the intention of avoiding and identifying errors
in models. These include improving the skills of
practitioners, improving modelling and decision-
making processes, improving modelling methods,
improving programming practice and improving
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software platforms. Within each of these categories
there are many further options, so improving

the skill base of practitioners might include: the
development and dissemination of good practice
guides, identification of key skills and redesign

of training and education, sponsoring of skills
workshops, and determination of minimum
training/skill requirements. These interventions
again might impact across the whole range of
disciplines involved in the decision support
process, including information specialists, health
economists, statisticians, systematic reviewers

and not to forget, modellers themselves. Outside
the HTA domain, Panko identifies a wide range

of initiatives for best practice in spreadsheet
development, testing and inspection, including
such things as guidelines for housekeeping
structures in spreadsheets.’® However, Panko also
goes on to review the evidence on the effectiveness
of these interventions and identifies first a lack of
high-quality research on effectiveness and second
that what evidence does exist is at best equivocal.'®
This, taken together with the evidence that models
are not improving over time, indicates that caution
should be exercised in recommending quick-fix,
intuitively appealing solutions.

In the absence of an understanding of error
types and the causes of errors, it is difficult to
evaluate the relative merits of such initiatives and
to develop an efficient and effective strategy for
improving the credibility of models. This study
seeks to understand the nature of errors within
HTA models, to describe current processes for
minimising the occurrence of such errors and

to develop a first classification of errors to aid

discussion of potential strategies for avoiding and
identifying errors.

Aim and objectives

The aim of this study is to describe the current
comprehension of errors in the HTA modelling
community and to generate a taxonomy of model
errors, to facilitate discussion and research within
the HTA modelling community on strategies for
reducing errors and improving the robustness of
modelling for HTA decision support.

The study has four primary objectives:

1. to describe the current understanding of errors
in HTA modelling, focusing specifically on
i.  types of errors
ii. how errors are made

2. to understand current processes applied by the
technology assessment community for avoiding
errors in development, debugging models and
critically appraising models for errors

3. to use HTA modellers’ perceptions of model
errors together with the wider non-HTA
literature to develop a taxonomy of model
€errors

4. to explore potential methods and procedures
to reduce the occurrence of errors in models.

In addition, the study describes the model
development process as perceived by practitioners
working within the HTA community, this emerged
as an intermediate objective for considering the
occurrence of errors in models.
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Chapter 2
Methods

Methods overview

The project involved two methodological strands:

1. A methodological review of the literature
discussing errors in modelling and principally
focusing on the fields of modelling and
computer science.

2. In-depth qualitative interviews with the HTA
modelling community, including:

— Academic Technology Assessment
Groups involved in supporting the
NICE Technology Appraisal Programme
(hereafter referred to as Assessment
Groups)

- Outcomes Research and Consultancy
Groups involved in making submissions to
NICE on behalf of the health-care industry,
(hereafter referred to as Outcomes
Research organisations).

In-depth interviews with
HTA modellers

Overview of qualitative methods

Interviews with 12 mathematical modellers
working within the field of HTA modelling were
undertaken to obtain a description of current
model development practices, to develop an
understanding of models errors and strategies
for their avoidance and identification. From these
descriptions, issues of error identification and
prevention were explored.'?

Sampling

The interview sample was purposive, comprising
one HTA modeller from each Assessment Group
contracted by the National Coordinating Centre
for Health Technology Assessment (NCCHTA) to
support NICE’s Technology Appraisal Programme,
as well as HTA modellers working for UK-based
Outcomes Research organisations. The intention of
the sampling frame was to identify diversity across
modelling units. Characteristics of the interview
sample are detailed at the end of this chapter.
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Qualitative data collection

Face-to-face in-depth interviews'? were used as
the method of data collection; this is particularly
appropriate given their focus on the individual
and the need to elicit a detailed personal
understanding of the views, perceptions,
preferences and experiences of each interviewee.
A topic guide was developed by the research

team that enabled the elicitation of demographic
information, as well as views and experiences of
the modelling process and issues around modelling
error (see Appendix 1). Interviews began with a
discussion of background details and progressed
to a more in-depth exploration of modellers’
experience and knowledge. The topic guide was
piloted internally with one of the authors (AR) to
ascertain clarity of the questions; the topic guide
was subsequently revised. The topic guide was
designed to facilitate the flow of the interviews,
although the interviews were intentionally flexible
and participant-focused. During the interviews,
interviewees were asked about their personal
views rather than acting as representatives of their
organisation.

During each interview the participant was asked
to describe their view of the model development
process. This description was sketched onto
paper by a second researcher and subsequently
reviewed with the participant who was asked to
confirm the sketch or ‘map’ as a representative and
accurate record of their view. This diagrammatic
personal description of the model development
process was instrumental within the interviews,
representing a personalised map against which to
locate model errors according to the perceptions
of the interviewee, thereby guiding the content
and agenda of the remainder of the interview.2’
‘Prompting’ was used to ‘map’ and ‘mine’
interviewee responses while ‘probing’ questions
were used to further elaborate responses and to
provide richness of depth in the interviewees’
responses.

All interviews were undertaken between
September and October 2008 by three members
of the research team (PT;, JC and AR). All three
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interviewers have experience in developing

and using health economic models. One of the
interviewers (PT) received formal training in in-
depth interviewing techniques and analysis of
qualitative data, this training being shared with
the modelling team working with the advice of a
qualitative reviewer (M]). All but two interviews
were paired, involving a lead interviewer and

a second interviewer. The role of the second
interviewer was to facilitate the elicitation of the
model development process by developing charts
and to ensure relevant issues were explored fully by
the lead interviewer. The remaining two interviews
were undertaken on a one-to-one basis. Each
interview lasted approximately 1% hours.

Data analysis and synthesis

Interviews with participants were recorded and
transcribed verbatim; all qualitative data were
analysed using the Framework approach.?!
Framework is an inductive thematic framework
approach particularly suited to the analysis of
in-depth qualitative interview data, involving

a continuous and iterative matrix-based
approach to the ordering and synthesising of
qualitative data. The first step in the analysis
involved familiarisation with the interview data,
leading to the identification of an initial set of
emergent themes (e.g. definition of model error),
subthemes (e.g. fitness for purpose) and concepts.
Transcript data were then indexed according to
these themes, both by hand and using NVivo®
software (QSR International, Southport, UK). Full
matrices were produced for each theme, detailing
data from each interviewee across each of the
subthemes. Data within each subtheme was then
categorised, ensuring that the original language
of the interviewee was retained, and classified to

TABLE | Description of themes for the qualitative analysis

Theme

I. Organisation, roles and
communication

2. The model development process
economic models

3. Definition of error

Description of theme

produce a set of dimensions that was capable of
both describing the range of interview data and
discriminating between responses. Discussions
within the team were carried out during coding
and categorisation to obtain consensus before the
next stage. Descriptive and explanatory accounts
were used to interrogate the data within and across
themes and subthemes. The key stages of analysis
and synthesis are described in more detail below.

The coding scheme

The coding scheme covers seven main themes
together with a range of subthemes. This coding
system was initially based on the topic guides used
within the interviews. Upon further interrogation
of the interview transcript data, a revised coding
scheme was developed through discussion between
the three interviewers. Table 1 presents a brief
description of each theme together with a brief
description of its content.

The first theme (Organisation, roles and
communication) includes mainly demographic
information that is used to describe the sample of
participants and compare data between groups.
Although this is not central to the qualitative
synthesis, it does provide relevant information that
helps to interpret and explain variations in stated
views between respondents.

The second theme (see Chapter 3) relates to data
from the model development process maps and
interview transcript data. A meeting was held
with all the authors to analyse and synthesise
evidence from the process maps. This meeting
assisted the analysis by providing an overview of
the data and informing decisions regarding the
subsequent qualitative process. The analysis of the

Chapter

Background of the interviewee, roles and experience, use of specific 2
software platforms, working arrangements with other researchers

Key sets of activities and processes in the development of health 3

The interviewee’s perception of what does and what does not 4

constitute a model error

4. Types of model error
5. Strategies for avoiding errors
6. Strategies for identifying errors

7. Barriers and facilitators

Specific types of model error discussed within the interviews
Approaches to avoiding errors within models
Approaches to identifying errors within models

Potential interventions to avoid and identify errors within models and
constraints on their use

0 N o u»n
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model development charts unearthed a potential
typology of modelling processes followed by
practitioners. Generalities could be made to some
extent around particular steps taken during the
modelling process, and so these were explicitly
drawn up on a separate generic map/list during
discussions between the authors. In addition, a
comprehensive descriptive analysis of the perceived
model development process was undertaken using
the interview transcript data. Finally, a stylised
model development process was developed; this
model attempts to both capture and explain key
stages in the model development process as well as
important iterations between stages, based on the
perceived processes of individual interviewees. This
was used to explain some of the nuances in the data
and variations in processes between respondents.

The third theme (see Chapter 4) was analysed
using the Framework approach. Key dimensions of
what is perceived to be and what is not perceived
to be an error were drawn out from the interview
transcript material. Literature concerning the
verification and validation of models from

outside the HTA field was used to facilitate the
interpretation of qualitative evidence on the
characteristics of model errors.

The fourth theme (see Chapter 5) involved a
descriptive analysis of interview data according

to the initial framework analysis coding scheme:
error in understanding the problem; error in the
structure and methodology used; error in the use
of evidence; error in implementation of the model;
error in operation of the model; and error in
presentation and understanding of results. As with
other emergent themes within the interview data,
the descriptive analysis was developed through

a process of categorisation and classification of
comments that made direct or indirect reference
to error types.?! The structure of the taxonomy
emerged from the descriptive analysis of interview
data. The taxonomy identifies three levels:

* the error domain, that is the part of the model
development process in which the error occurs

* the error description, illustrating the error in
relation to the domain

* the root cause error, which attempts to identify
root causes of errors and to draw out common
types of error across the modelling process.

Non-HTA literature concerning modelling error
classifications and taxonomies was identified from
searches and used to facilitate the interpretation of
the qualitative data.
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The fifth and sixth themes (see Chapters 6 and 7)
present an analysis of techniques and processes for
avoiding and identifying errors in HTA models, as
discussed by interviewees. Within both chapters,

a descriptive analysis is presented together with
an explanatory analysis, which relates current
error identification and avoidance methods to the
classification of model errors. The seventh theme
(see Chapter 8) briefly presents a descriptive
analysis of interviewees’ views on barriers and
facilitators to error checking activities.

Literature review search
methods

At the outset the scope and fields of literature
relevant to the study were not known. The purpose
of the searches was twofold; first exploratory
searches in advance of the interviews were
undertaken to inform the development of the scope
and content of the in-depth interviews, second the
searches after the interviews were undertaken to
expand the discussion on key issues raised by the
interview analysis and to place the interview data in
the context of the broader literature.

An iterative approach was taken to searching the
literature. This is recognised as being the most
appropriate approach to searching, in the case of
reviews of methodological topics, where the scope
of relevant evidence is not known in advance.?
Based on information-seeking behaviour models®
the exploratory search strategy used techniques
including author searching, citation searching,
reference checking and browsing.

The scoping search was undertaken to establish the
volume and type of literature relating to modelling
errors within the computer science and water
resources fields both identified as potentially rich
fields. Highly specific and focused searches were
carried out in Computer and Information Systems
Abstracts and Water Resources Abstracts.

The interviews and scoping search of the
literature identified the need for further reviews
including: first, a topic review of error avoidance
and identification; second, a review of model
verification and validation; and third a review of
error classifications and taxonomies. The searches
were undertaken in February 2008 and January
2009. The search strategies and sources consulted
are detailed in Appendix 2.
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Validity checking

The report was subjected to internal peer review
by a qualitative researcher, mixed methodologist,
modellers not involved in the interviews and

a systematic reviewer. The final draft report

was distributed to all interviewees to obtain

their feedback on whether the findings are
representative of their views, hence providing
respondent validation.**

The organisation of the
interview sample

This section briefly details the background,
expertise, experience and working arrangements
of the 12 individuals included in the interview
sample.

Organisation

Of the 12 respondents, four work primarily for
industry and eight are employed to produce
reports for NICE and are university-based. Of those
interviewees working within Assessment Groups,
two also discussed work undertaken for commercial
clients. The respondents reported a variety of
work types including economic evaluations, as well
as primary and secondary research. Commercial
work included health outcomes and pricing and
reimbursement work as well as cost-effectiveness
modelling. The size of the organisations varied
with a range of 12 to 180 staftf employed. Three
interviewees discussed working internationally.

Composition of the research
teams

The respondents reported a variety of working
arrangements, to demonstrate the range of
organisational arrangements these included:

e aunit with 30 health economists with close
links to another unit with 60-70 health-service
researchers

* asmall team of two dedicated modellers with
links to a team who undertake systematic
reviews

* aunit including operational researchers, health
economists, health-service researchers and
literature reviewers with direct access to clinical
experts

* alarge international organisation covering
many different disciplines

* ateam of 14-15 health economists with no
mention of systematic reviewers.

Background of the interviewees

Five of the 12 respondents came from an
economics or health economics background, two
from a mathematical background, one of whom
previously worked as an actuary. Five respondents
have an operational research or modelling
background. All interviewees included in the
sampling frame have considerable experience
developing health economic models and were
purposefully selected on this basis.

Platforms and types of models

All respondents apart from one, mentioned
Microsoft EXCEL® as one of the preferred modelling
software platforms, although two mentioned
potential limitations. TREEAGE was frequently
mentioned and SiIMUL8 was mentioned by two
respondents. Other software programs and
applications discussed by interviewees included
CRYSTAL BALL, STATA, WINBUGS, DELPHI, VISUAL PASCAL
and spss. Ten of the twelve respondents mentioned
the use of Markov models. Also reported were
microsimulation/discrete event simulation, decision
analysis and decision tree models.
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Chapter 3

The model development process

Overview

This chapter presents a descriptive analysis

of individual respondents’ perceptions of the
model development process. The purpose of
eliciting information concerning current model
development processes within the interviews was
twofold. First, it allows for the development of an
understanding of the similarities and variations in
modelling practice between modellers that might
impact on the introduction of certain types of
model error. Second, the elicitation of interviewee’s
personalised view of the process was used to form
the structure of the remaining portion of the
interview, with the model development charts
therefore forming a map against which specific
types of model error could be identified and
discussed.

The descriptive analysis was undertaken according
to the coding scheme, and examined six key

stages of the model development process: (1)
understanding the decision problem; (2) use

of information; (3) implicit/explicit conceptual
modelling; (4) software model implementation; (5)
model checking activities; and (6) model reporting.
It should be noted that these six stages were not
specified a priori, but rather they emerged from
the qualitative synthesis process. A seventh theme
concerning iterations between stages of model
development was also analysed. The descriptive
synthesis of the model development process is
presented together with an inferred stylised model
development process describing both the range
and diversity of responses.

Understanding the decision
problem

For all 12 interview participants, the first stage
in the model development process involved
developing an understanding of the decision
problem. Broadly speaking, this phase involved
a delicate balancing/negotiation process between
the modeller’s perceived understanding of the
problem, the clinical perspective of the decision
problem, as well as the clients’ needs and the
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decision-makers’ needs. This phase of model
development may draw on evidence, including
published research and clinical judgement, and
experience within the research team. In some
instances the research question was perceived to
follow directly from the received decision problem,
whereas other respondents expressed a perception
that the research question was open to clarification
and negotiation with the client/decision-maker.

In this sense the research question represents

an intellectual leap from the perception of the
decision problem. One respondent noted that

this aspect of model development may not be a
discrete step which is finalised before embarking
on research:

The whole process starts at the point where we
are thinking about a project but it will continue
once a project has actually started, almost until
the final day when the model is finalised that
process will continue...we will not finalise the
structure of the model and the care pathway
perhaps until quite close to the end of the
whole project because we will be constantly
asking for advice about whether or not we have
it correct or at least as good as we can get it.
(18]

Similarly, another respondent highlighted that
the decision problem may not be fixed even when
the model has been implemented, indicating

that modelling may have a role in exploring the
decision problem space. Hence, for instance,
modelling can answer questions such as ‘Is
technology A economically attractive compared
to technology B’ or ‘Under what circumstances is
A economically attractive compared to B’. These
are fundamentally different decision problems
however the decision-makers may change their
focus throughout the course of an analysis and are
dependent on the outcomes of the analysis.

...commonly at the analysis stage, you have
the opportunity or there’s the possibility of
changing the question that you're asking.
So, if the results of the model are in any way
unexpected or in fact, if they’re in any way
insightful, then you might want to refine or
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amend the outcome or the conclusion you're
going to try and support. So if we start off with
an analysis of a clinical trial population that is
potentially cost-effective, in the course of the
model, you find that the product is particularly
appropriate for a subgroup of patients, or
there are a group of patients where the cost-
effectiveness is not attractive, then we’d refine
the question.

[16]

Several interviewees noted the importance of
understanding the decision problem and defining
the research question appropriately; in particular,
one respondent indicated the fundamental
importance of understanding the decision problem
before embarking on the implementation of any
model:

...it all stems from what is the decision
problem, to start off with...no matter what
you've done, if you've got the decision problem
wrong...basically it doesn’t matter how accurate
the model is. You're addressing effectively the
wrong decision.

[17]

Written documentation of the
decision problem and research
question

Several interviewees mentioned that explicit
documentation of the perceived decision problem
and the research question forms a central part of
the proposal within consultancy contracts. The
discussions suggested that such documentation
extends beyond the typical protocols produced
within the NICE Technology Appraisal
Programme, including a statement of the objective,
a description of the patient population and
subgroups, and a summary of key data sources.
Several respondents highlighted that although

the decision problem may be set out in a scope
document, the appropriate approach to addressing
the decision problem may be more complex.

...you've read your scope you think you know
what it’s about. But then you start reading
about it, and you think, ‘Oh! This is more
complicated than I thought!’

[13]

This point was further emphasised by another
respondent, who highlighted that there was a
need to understand not only the decision-makers’

perceived decision problem, but also what the
research question should be (so questioning
the appropriateness of that perception) and
understanding wider aspects of the decision
problem context outside its immediate remit:

...our entire initial stage is to try and
understand what the question should be and
what the processes leading up to the decision
point and the process that goes from that
decision point.

(18]

The issue of generating written documentation of
the proposed model to foster a shared agreement
of the decision problem was raised only by two
interviewees, both of whom work for Outcomes
Research organisations:

It’s almost like a mini report really. It’s
summarising what we see as the key aspects
of the disease, it’s re-affirming the research
question again — what’s the model setting out
to do. It’s pitching the model and methodology
selected and why, so if it’'s a Markov [model]
it’s kind of going on to detail what the key
health states are. We try and not make it too
detailed because then it just becomes almost
self-defeating but you are just trying to, again,
with this, we are always trying to get to a point
at the end of that particular task where we have
got the client signed in and as good a clinical
approval I guess, as we can get.

[110]

For several respondents, an important dimension
of understanding the decision problem involved
understanding the perceived needs of the decision-
maker and the client, mediated by the ability of the
modelling team to meet these. A common theme
which emerged from the interviews with Outcomes
Research modellers was an informal iterative
process of clarification of the decision-maker
needs; that the potential cost of not doing so is the
development of a model which does not adequately
address the decision problem. The analysis
suggested some similarities in the role of initial
documentation between Assessment Groups and
Outcomes Research organisations. In particular,
modellers working for the pharmaceutical

industry highlighted the use of a Request For
Proposal (RFP) document and the development

of a proposal; these appear to broadly mirror

the scope and protocol documents developed by
NICE and the Assessment Groups, respectively.
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There was some suggestion that RFPs were subject
to clarification and negotiation whereas scope
documents were not.

The first thing is to get an idea of exactly what
the client wants. On a number of occasions you
get a RFP through which is by no means clear
what the request is for and it won’t be very
helpful to rush oft and start to develop any
kind of model on that kind of platform...you
can often get a situation where you answer the
question that they have asked and they then
decide that was not the question they had in
mind so certain processes of ensuring clarity
are useful.

[112]

Methods for understanding the
decision problem

Methods used by modellers to understand the
perceived decision problem varied between
respondents, including ‘immersion’ in the clinical
epidemiology and natural history of the disease,
understanding the relationship between the
decision point and the broader clinical pathway,
as well as understanding relevant populations,
subgroups, technologies and comparators.

...you start by, by just immersing yourself
in whatever you can find that gives you an
understanding of...all the basics.

[13]

...it’s the process of becoming knowledgeable
about what you are going to be modelling...
reading the background literature, knowing
what the disease process is, knowing the
clinical...pathways typically that patients
experience within the situation you are
modelling. Going to see clinical experts to ask
questions and find out more and gradually
hone in on an understanding on the clinical
area being studied in a way that enables you to
begin to represent it systematically.

[14]

Conceptual modelling

Nine of the twelve interviewees either alluded to,
or explicitly discussed, a set of activities involving
the conceptualisation and abstraction of the
decision problem within a formal framework
before implementing the mathematical model in a
software platform.

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

Conceptual modelling methods

The extent to which conceptual modelling is
demonstrated in practice appears to be highly
variable between participants; variation was
evident in terms of the explicitness of model
conceptualisation methods and the extent to which
the conceptual model was developed and shared
before actual model programming. The interview
data for three respondents implied that no distinct
formal or informal conceptual modelling activities
took place within the process, that the model was
conceptualised and implemented in parallel. One
of these respondents highlighted an underlying
rationale for such an approach.

...I'd rather go with a wrong starting point and
get told it’s wrong than go with nothing.
[12]

Explicit methods for conceptual modelling
included developing written documentation of the
proposed model structure, assumptions, the use
of diagrams or sketches of model designs and/or
clinical/disease pathways, memos, representative
mock-ups to illustrate specific issues in the
proposed implementation model, and written
interpretations of evidence.

The extent to which the conceptual model was
complete before embarking on programming

the software model varied among interviewees;
several respondents indicated that they would

not begin implementing the software model

until some tangible form of conceptual model

had been agreed, or in other cases, ‘signed-

oft’ by the client or experts. Across the nine
interviewees who did undertake some degree of
explicit conceptual modelling, the main purposes
of such activities included fostering agreement
with the client and decision-maker, affirming the
research question, pitching and justifying the
proposed implementation model, sense-making
or validity checking, as well as trying ideas, getting
feedback, ‘throwing things around’, ‘picking out
ideas’and arranging them in abstraction process.
Broadly speaking, such activities represent a
communication tool, that is, a means of generating
a shared understanding between the research team,
the decision-maker and the client.

...we’ll get clinical advisors in to comment on
the model’s structure and framework, comment
on our interpretation of the evidence, and...we
think we’ve got a shared understanding of that
clinical data but are we really seeing it for what
1t is?

[110]
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...for us, whether we’ve written it or not, we’ve
got an agreed set of health states, assumptions,
and...an agreed approach to populating the
parameters that lie within it...which I think is
the methods and population of your decision
model.

[17]

The extent to which the conceptual model

is formally documented varied between the
interviewees. One respondent represented

a deviant case in the sense that whereas the
majority of the model development process
concerns understanding the decision problem
and (potentially) implicit conceptual modelling,
very little time is spent on actual model
implementation.

So every aspect of what you then need to, to
programme in and populate it is...in people’s
brains to various degrees...if you get all that
agreed, then the actual implementation in
EXCEL should be pretty straightforward. But if
that process has taken you 90% of your time,
then...you build a model pretty quickly.

[17]

For three interviewees [I5, 12 and 112] there was no
formal distinction between conceptual modelling
activities and software model implementation,
rather they occur in parallel. Among these three
interviewees, there was a degree of consistency

in that all three respondents discussed the
development of early implementation models
(sometimes referred to by interviewees as ‘quick
models’ or ‘skeleton models’) as a basis for
eliciting information from clinical experts, for
testing ideas of what will and will not work in the
final implementation model, or as a means of
generating an expectation of what the final model
results are likely to be:

So there is an element of dipping your toe in
the water and seeing what looks like it’s going
to work. It’s actually being prepared to say no
this is not going to work.

[112]

I would generally get a rough feel for the
answer within three or four days which is
almost analogous to the pen and paper
approach which is why I do that. If you know
that 20,000 people have this disease which is
costing x thousand per year and you know your
drug which costs y pounds will prevent half of it

and you know what utilities are associated with
it you can get a damn good answer.

[12]
Identifying key model factors

Several interviewees discussed the processes they
undertake in developing the structure of the
model. One interviewee described this activity as a
means of:

...identifying the fundamental aspects of the
decision problem and organising them into a
coherent framework.

[14]

Much of the discussion concerned identifying and
specifying relationships between key outcomes,
identifying key states to be differentiated,
identifying transitions, capturing the importance
of patient histories on subsequent prognosis, and
addressing the need for more complex descriptions
of health states. Several interviewees suggested
that this process was at least to some degree, data-
driven, for example, having access to patient-level
trial data may influence the structure of a survival
model and the inclusion of specific coefficients.
Several interviewees discussed the inevitability

of simplification; one suggested the notion of
developing ‘feasible models’, ‘best approximations’
and ‘best descriptions of evidence’.

...I'think it’s a judgement call that modellers
are constantly forced to make. What level
of simplification, what level of granularity
is appropriate for the modelling process? I
think what’s very important is to continually
refer back to the decision that you are hoping
to support with your model. So don’t try
and answer questions that aren’t going to be
asked...

[14]

...the aim is to produce the feasible model that
best approximates what we think we’re going to
need...on occasions we will just have to say yes
we would love to put this into a model but the
trials have not recorded this...

[15]

One respondent had a different viewpoint
concerning how to identify key factors for inclusion
in the mathematical model, indicating an entirely
data-led approach whereby the decision to include
certain elements of the decision problem in the
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implementation model was determined by its
influence on the model results:

...what to keep in and what to chuck out...it
depends on how quickly you've got the data. If
you’ve got all of the data then keep everything
in, if you've already got it, because you can
tell with an EVSI [expected value of sample
information] or an EVI [expected value of
information] what is important or not even if
you or you fit a meta-model to it or the ones
that are capped fall straight out...

[12]

...you are only including these things
because you think they will affect the ICER
[incremental cost-effectiveness ratio], if
they don’t affect the ICER you shouldn’t be
including them.

[12]

Clearly, decisions concerning what should and
should not be included in the model, how such
factors should be captured and related to one
another, and the appropriate level of complexity
and granularity are highly complex. Indeed, two
respondents highlighted that this aspect of model
development was hard to teach and was learned
through experience.

I don’t think...that I can sit here and write out
how you build a model. I think it’s something
which comes with experience.

[17]

Formal a priori model
specification

One respondent [I1] highlighted the absence of an
important stage of the model development process
common within software development projects:
that of model design and analysis, whereby the
proposed model is formally specified and its
software implementation is planned before the
model is programmed. In this sense, the design
and analysis stage represents a direct link between
the conceptual model and the implementation
model. Such activity would usually include
producing a formal model specification in advance
of any programming, including details of how the
model will be programmed, where parameters will
be stored and linked, housekeeping issues and an a
priori specification of how the model will checked
and tested.

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

Use of information in model
development

For many of the interviewees, the use of evidence
to inform the model development process was
broader than the generation of systematic reviews
of clinical effectiveness. The use of evidence used to
determine the model structure was also commonly
discussed. Further, the use of evidence in informing
the model was seldom restricted to a single stage in
the development process; for several respondents,
evidence was used to understand, shape and
interpret all aspects of model development.

Use of previous models

Views concerning the appropriate use of previous
models to inform the model under development
varied between study participants. One subtle but
potentially important difference in use of previous
models concerned the extent to which such models
developed for a different decision problem,
decision-maker and purpose, would be used to
inform the structure of the current model. For
some respondents, previous models were examined
as a means of ‘borrowing’ model structures,
whereas for others, the model represents a starting
point for thinking about an underlying conceptual
framework for the model:

...suppose the first thing we will do actually is
see if there are any existing models that we can
build from and if there are and we think they
are any good then we have a structure there.
[15]

...it’s not a question of what people have done
in the past and whether they did a good job or
not, it’s seeing what we can borrow from those
that can be relevant.

[112]

The interview data suggest the notion of being
‘data-led’ in model structuring. One may infer two
risks associated with being dependent on previous
model structures: one uses an existing model which
is not adequately structured to address the decision
problem at hand, or one misses out on developing
an understanding and agreement of the decision
problem through conceptual modelling (see
Conceptual modelling). This inference appears to
be supported by the views of a further respondent:

If you set two modelling teams the same task
I think it’s quite likely they would come up
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with very different models, which is one of the
aspects of familiarisation. Unless of course
there were lots of existing models that they
could draw on and fall into familiar grooves in
terms of the way you model a particular process
so that often happens you look at what has
already been done in terms of the modelling
process and that is part of the familiarisation
process and you say oh yeah that makes perfect
sense we will do the same again.

[14]

I think there is a danger in that as well you
know if you just slavishly adopt a previous
structure to a model and everybody does the
same there’s no potential for better structures
to develop or for mistakes to be appealed so I
think there is a danger in that in some ways.
[14]

Use of clinical/methodological
expert input

The extent to which clinical experts were involved
within the model development process varied
considerably between interviewees. Several
interviewees indicated that they would involve
clinical experts in the research team itself, from
the very outset of the project, to help develop

an understanding of the decision problem and

to formulate the research question; this was
particularly the case where in-house clinical
expertise was not available.

...we try to get in clinical experts as part of the
team and they will usually also be authors on
the report and it tends to be very much a joint
process of structuring the problem.

[15]

At the other end of the spectrum, one respondent
suggested that they would only involve clinical
experts after having built a skeleton model.

I would build the model, just build it straight
off, I mean it depends on how quick you work
but if you build it quickly then you can have
all that in place before you talk to clinicians or
other peer reviewers...

[12]

Relationship between clinical
data and model structure

The majority of the interviewees highlighted
the existence of a complex iterative relationship

between model structuring processes and data
identification and use; whereby the model
structure has a considerable influence on the data
requirements to populate the model, whereas the
availability of evidence may in turn influence the
structure of the model (whether implemented

or conceptualised). In effect, the ‘worldview’” or
weltenschauungen® of the modeller influences the
perception of what evidence is required, and the
identification and interpretation of that evidence in
turn, influences and adapts that weltenschauungen.

I divided it between design[ing] and
populat[ing]...the populating being searching
for, locating the information to actually
parameterise those relationships. And then
going back and changing the relationships to
ones that you can actually parameterise from
the data that’s available, and then changing the
data that you look for to fit your revised view of
the world.

[16]

Tiwo respondents indicated that previous working
arrangements had led to the systematic review and
modelling activities being perceived as distinct
entities that did not inform one another, so
hindering the iterative dynamic highlighted above.
However, both of these respondents indicated

a change in this working culture, suggesting a
joint effort between the modeller and the other
members of the research team:

I think things are...kind of trying to be
changed. I'm not seeing a systematic review...
as something separate from modelling; now
they are working together and defining what
[it] is...that we are looking for together.

(1]

Several respondents highlighted the importance

of this iterative phase of model development and
its implications for the feasibility of the resulting

mathematical model.

The most difficult ones aren’t just the numbers;
they are where there’s a qualitative decision.
You know, is there any survival benefit? Yes or
no? If there is a survival benefit, it’s a different
model?...So it’s structural.

[16]

...it’s no good having an agreed model
structure that’s impossible to populate with
data so you obviously give some thought as to
how you are going to make it work that’s part
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of the agreement process. You outline what

the data requirements are likely to be and step

through with the people collecting the data...
[14]

One respondent highlighted the difficulties of this
relationship, suggesting a danger for models to
become data-led rather than problem-led.

We try as a matter of principle not to let data
blur the constraints of models too much but in
practice sometimes it has to.

[15]

One respondent highlighted the use of initial
searches and literature summaries as a means

of developing an early understanding of likely
evidence limitations, a process undertaken
alongside clinical experts, before model
development. Another respondent highlighted
what he considered a key event in the model
development process concerning iterations
between the model structure and the evidence used
to inform its parameters:

We have a key point which we call data
lockdown because that’s key to the whole
process, if you are working to a tight timescale
you need to make sure the modellers have
enough time to verify their model with the
data.

[14]

Differences between the model
structure and the review data

A common emergent theme across respondents
was the idea that the data produced by systematic
reviews may not be sufficient or adequate for the
model, meaning that either the data would need
transforming into a format in which the model
could ‘accommodate’ the evidence (for example
premodel analysis such as survival modelling),

or the developed model itself would need to be
restructured to allow the data to be incorporated
into the model.

...but it wouldn’t be just a question of

understanding the clinical data, it’s a question

of what it’s going to mean for the modelling.
[112]

A further point raised by one respondent
concerned the Assessment Groups’ perception
of what constitutes evidence for the model; this
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particular respondent indicated that his institution
is likely to represent a deviant case in this respect.

I wouldn’t say we had a procedure, but an
underlying principle...as a department we
don’t distinguish between direct and indirect
evidence. We just think it’s all evidence.

(17]

[We] are less beholden to statistical significance;
other people are more conventional in their
sort of...approaches. One...set of researchers
may say that...there is no statistical significance
of heterogeneity...[that] we can assume that all
this evidence can be pooled together may not
be considered by...another set of researchers to
be an appropriate sort of thing to do...

(17]

Interestingly, almost all discussions concerning
the use of evidence in populating models focused
entirely on clinical efficacy evidence; very little
discussion was held concerning methods for
identifying, selecting and using non-clinical
evidence to inform other parameters within
models, for example costs and health-related
quality of life. Across the 12 interviewees, it was
unclear who holds responsibility for identifying,
interpreting and analysing such evidence or
how (and if) it influences the structure of the
model, and how such activities differ from the
identification and use of clinical efficacy data.

Implementation model

All respondents discussed a set of activities related
to the actual implementation of a mathematical
model on a software platform. Such activities
either involve the transposition of the prespecified
soft conceptual model framework into a ‘hard’
quantitative model framework involving various
degrees of refinement and adaptation, or the
parallel development of an implicit conceptual
model and explicit implementation model.

Model refinement

Several respondents discussed activities involving
model refinement at the stage at which the model
is implemented, although the degree to which such
activities are required was variable. The interview
data suggest that this aspect of model development
was a key feature for the three respondents who

do not separate conceptual and implementation

13
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model processes. As noted earlier (see Conceptual
modelling), although these individuals do not
draw a distinction between the conceptual and
the implementation, they do appear to develop
‘skeleton models’ to present to clinical experts,
which evolve iteratively and take shape over time.

I will actually literally take them through a
patient path and actually run through, do a
step-by-step running of the model in front of
them.

[15]

However, one respondent highlighted the potential
dangers of developing software models without
having fully determined the underlying structure
or having the agreement of experts:

...whether it’s adding something in or taking
something out there is the worry at the back of
your mind that it’s going to affect something
else in a way that perhaps you don’t observe...
there is a danger if you make the decision to
include or exclude definitively that you might
regret it later on, it might not be a question of
states it might be a question of which outcomes
to model on as well...

[112]

The interview data suggested that model
refinement activities were less iterative and
burdensome for those respondents who had the
conceptual model agreed or ‘signed-off” before
implementation; this was particularly true for one
respondent:

...then build an ExciL model...it’s an iterative
process; you don’t want to keep on rebuilding
your model,...I can’t imagine what I'd do in
EXCEL which would make me rethink the way I
structure my model...most of the big issues I
see are all about the sort of thought processes
behind defining that decision problem,
defining the structure, defining the core set
of assumptions...if we can get agreement
about that, the implementation of it is really
straightforward.

[17]

At the other extreme, however, one respondent
mentioned rare occasions in which the research
team had developed a model, decided it was not
adequate and subsequently started from scratch.

Obviously it doesn’t very often happen that we
have built a whole model and have had to tear

up a whole model but if necessary we would
rather do that than carry on with a model that
isn’t what we intended.

[15]

Model checking

Given the extent of discussion around model
checking during the interviews, a detailed analysis
of current methods for checking models is
presented (see Chapters 6 and 7). Model checking
activities varied and appear to occur at various
stages in the model development process. One
interviewee suggested that model checking begins
once the model has been built; however, for other
respondents, the checking process happens at
various distinct stages. One respondent indicated
that model checking activities are undertaken
throughout the entire model development process.
Whereas, subject to certain nuances in the precise
methods employed, much of the discussion
around current model checking activities focused
on testing and understanding the underlying
behaviour of the model and making sure that it
makes sense:

...it’s about finding out what the real
dynamics of the model are so what are the key
parameters that are driving the model, where
do we need to then emphasise our efforts
in terms of making sure our data points are
precise? What are the sensitivities, in which
case what subgroups might we need to think
about modelling? Discussing how the model is
behaving in certain situations. What the likely
outcome is. If the ICER is near to the critical
thresholds for the decision-maker then where
we need to pay attention if the ICER is way
off to the side, if you’ve got an output that’s
dominated or if you have got an ICER that’s
half a million pounds it seems likely that unless
the model is wildly wrong the decision is going
to be fairly clear cut. So if you are operating
at the decision-making threshold how precise
and careful you have to be and what kind of
refinement you need therefore to build into the
model.

[14]

Other model checking activities included
examining the face validity of the model results

in isolation or in comparison to other existing
models, internal and clinical peer review, checking
the input data used in the model and checking
premodel analysis can replicate the data, and
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checking the interpretation of clinical data. Many
of these approaches involve a comparison of the
actual model outputs against some expectation of
what the results should be; the interview data were
not clear how such expectations were formed.

Either the intuition or the modelling or the
data is wrong and we tend to assume that
it is only one of them...I think you tend to
assume that once they’re [clinical experts] not
surprised by the thing then, that means you
have got it right.

[15]

Two respondents indicated a minimalist approach
to model checking activities:

So we do just enough...just enough but not as
much as you’d want to do.
[110]

...it depends whether you’re error searching
for what I term significant errors or non-
significant errors, I probably would stop and
the non-significant errors that are probably in a
larger percentage of models than people would
like to know would remain.

[12]

Reporting

The majority of respondents referred to

model reporting as the final step in the model
development process. This stage typically involved
writing the report, translating the methods and
results of the model and other analysis; and
engaging with the decision. Although little of the
interview content concerned this phase of the
process, two important points were raised within
the interviews. First, one respondent highlighted
that the reporting stage may act as a trigger for
checking models; where the results are unexpected
or queried by internal or external parties. The
second point concerned the importance of the
interpretation of the model by decision-makers and
other process stakeholders:

I think the recommendation we would
make is we need to pay more attention to
understanding how our models are understood
and how we present them, a lot of work that
can be done in model presentation.

[14]
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...reportable convention standards can be
very important in ensuring everyone has a
clear view of what’s being said. There are
ways in which model outputs can be more
transparently depicted and the key messages
conveyed to users more clearly, often some can
get lost in the text or hidden away somewhere
either intentionally or unintentionally.

[14]

Synthesised model
development process

Figure 1 shows a stylised representation of the
model development process generated through a
synthesis of all interview transcripts and from the
charted descriptions of the model development
process elicited from the interviewees. The
stylised model development process is comprised
of five broad bundles of activities including;
understanding the decision problem, conceptual
modelling, implementing the model within a
software platform, checking the model, and finally
engaging with the decision. It should be noted that
these activities do not perfectly match the coding
scheme used to undertake the Framework analysis.
The general remit of these sets of activities is as
follows.

Understand the decision problem This phase
involves immersion in research evidence, definition
of research question, engaging with clinicians,
engaging with decision-makers, understanding
what is feasible, understanding what the
decision-maker wants/needs and engaging with
methodologists.

Conceptual modelling It is a commonplace to
state that all mathematical models are built upon a
conceptual model. At its most banal it is impossible
to implement a model without first conceiving

the model. The key issue in the decision-making
endeavour and reflected in the modelling process
is communication: specifically the process of
developing a shared understanding of the problem.
Conceptual modelling is the process of sharing,
testing, questioning and agreeing this formulation
of the problem; concerned with defining the

scope of a model and providing the inputs to the
process of systems analysis and design associated
with defining a solution to the problem. The scope
of a model deals with defining the boundary and
depth of a model, to identify the critical factors
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that need to be incorporated in the model. Models
are necessarily simplifications of our understanding
of a problem. The conceptual model allows a
description of one’s understanding of the system
that is broader than the description of the system
captured in the model. An implemented model
will therefore be a subset of a conceptual model.
This hierarchy allows simplifications represented in
the model to be argued and justified. This process
of simplification is the process of determining
relevance.

The arrow leading from ‘understanding the
decision problem’ to ‘implementation model’
reflects the views of three interviewees who implied
that they either do not build a conceptual model
or that conceptualisation and implementation are
simultaneous activities.

Implementation model This phase involves the
implementation of the model within a software
platform.

Model checking This stage includes all activities
used to check the model. This includes engaging
with clinical experts to check face validity, testing
extreme values, checking logic, checking data

sources etc. A detailed description of current model
checking activities is presented in Chapters 6
and 7.

Engage with decision This phase concerns the
reporting and use of the model with and by the
decision-maker.

Activities concerning the use of evidence, peer
review and other clinical consultation may arise
within any or all of the five model development
phases.

Several points are of note in the interpretation

of the diagram. First, as the diagram has been
developed through a synthesis of all interview data,
respondents did not adopt a uniformly standard
model development process, and respondents
discussed different activities to varying degrees

of detail, the lines of demarcation between main
sets of activities were not entirely clear. Second,

the diagram is intended to be descriptive rather
than prescriptive; it describes current model
development processes rather than a normative
judgement about how models should be developed.
The dashed arrows in Figure 1 indicate significant
iterations between key sets of model development
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FIGURE | Stylised model development process showing key iterations between sets of activities.
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activities. It should also be noted that each
individual phase is likely to involve iterations
within sets of activities, e.g. there may be several
versions of an implementation model as it is being

developed.

The iterative nature of developing mathematical
models is well documented. The interview data
suggest six key points of model iteration within the
development process. The first substantial iteration
(marked as number 1 on Figure 1) concerns
developing an understanding of the decision
problem; this may involve iterations in terms of
striking a balance between what the analyst believes
are the decision-makers needs, what is feasible
within the project resources and negotiations
therein.

The second notable iteration (marked as number

2 on Figure 1) involves looping between the
development of an explicit conceptual model and
its implementation in a software platform. Several
respondents highlighted the inevitable existence of
a circular loop between these two sets of activities
whereby the intended conceptual model structure
is redefined in light of limited evidence available to
populate that structure, and whereby the evidence
requirements are redefined in light of the intended
model structure.

The interview data suggest two further loops
relating to iterations from the model checking
stage to revising or refining the conceptual and/or
implementation model (marked as numbers 3 and
4 on Figure 1). The interview data suggest that any
of the large number of checking activities currently
undertaken have the capacity to result in backwards
iterations to earlier steps.

The fifth key iteration of note (marked as number 5
on Figure 1) concerns the use of an existing model
for multiple decision problems. In such instances,
there is a loop between the final and first stages

of the process. Two respondents highlighted
examples of this iteration: one in terms of the use
of ‘global models’ for use in different decision-
making jurisdictions, and one in terms of the
ongoing development of independent models
across multiple appraisals. As noted earlier (see
Use of information in model development), several
respondents discussed the use of existing models
as the basis for developing a model structure. In
such circumstances, there is a danger that adopting
an existing model developed by another party

and applying this to a new decision problem could
effectively represent a loop back to a conceptual
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model without a comprehensive understanding of
the decision problem.

The final iteration (marked as number 6 on Figure
1) loops from model checking to understanding
the decision problem. The three respondents
who highlighted that implementation and
conceptualisation activities occur in parallel all
indicated the possibility of revising and rebuilding
the model from scratch. The same suggestion was
not indicated by the remaining nine respondents.
At the other extreme, one respondent indicated
that there was no significant backwards iteration
once the implementation model was under way,
i.e. the conceptual model was not amended once
agreed.

Discussion of model
development process

The analysis presented within this chapter
highlights considerable variation in modelling
practice between respondents. This may be in
part explained by the apparent variations in
expertise, background and experience between
the respondents. The key message drawn from
the qualitative analysis is that there is a complete
absence of a common understanding of a model
development process. Although checklists and
good modelling practice have been developed,
these perhaps indicate a general destination of
travel without specifying how to get there. This
represents an important gap and should be
considered a priority for future development.

The stylised model development process presented
in Figure I represents a summary of all interviewees’
stated approaches to modelling. It should be noted
that the diagram does not entirely represent the
views of any single individual, but is sufficiently
generalisable to discriminate between the views

of each interviewee; in this sense, any modeller
should be able to describe their own individual
approach to model development through reference
to this diagram. As noted above, one particularly
apparent distinction that emerged from the
qualitative synthesis was the presence or absence of
explicit conceptual modelling methods within the
model development process. Although it is difficult
to clearly identify a typology on these grounds
from a mere 12 interviewees, the qualitative data
are indicative of such a distinction. Related to this
point is the issue of the a priori specification of

the model design and analysis, which represents
the leap from the conceptual model to the
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implementation model. Some respondents did
discuss the preparation of materials which go some
way in detailing proposed conceptual models,
platforms, data sources, model layout, checking
activities and general analytical designs; however,
the extent to which these activities are specified
before implementation appears to be limited.

A common feature of modelling critiques that is
reflected in the interviews is the statement that
different teams can derive different models for

the same decision problem. This arises from the
largely implicit nature of existing conceptual
modelling processes described by the interviews.

It is suggested that focusing on the process of
conceptual modelling may provide the key to
addressing this critique. Furthermore, the quality
of a model depends crucially on the richness of the
underlying conceptual model. Critical appraisal
checklists of models all currently include bland
references to incorporating all important factors in
a disease yet do not address how these ‘important

factors’ can be determined. It is the conceptual
modelling process that is engaged with identifying
and justifying what are considered important
factors and what are considered minor or irrelevant
factors for a decision model.

The conceptual modelling process is centrally
concerned with communication and this can be
supported by many forms including, conversation,
meeting notes, maps (causal, cognitive, mind etc.),
skeletal or pilot models. However, care needs to
be exercised in using methods that focus on the
problem formulation rather than formulation of
the solution.?®

The description of the model development
processes adopted by the interviewees within this
chapter is directly used to inform the development
of the taxonomy of model errors (see Chapter 5)
and to provide a context for analysing strategies
for identifying and avoiding model errors (see
Chapters 6 and 7).
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Chapter 4

Definition of an error

Overview

This chapter presents the description of key
dimensions and characteristics of model errors and
attempts to draw a boundary around the concept
of ‘model error’, i.e. ‘what is it about a model error
that makes it an error?’. The descriptive analysis
highlighted both overt and subtle variations

in respondents’ perceptions concerning what
constitutes a model error. In seeking to explain,
assign meaning and draw a boundary around the
concept of model error, the respondents identified
a variety of factors including:

* non-deliberate and unintended actions of
modellers in the design, implementation and
reporting of a model

* the extent to which the model is fit for purpose

* the relationship between simplifications, model
assumptions and model errors

* the impact of error on the model results and
subsequent decision-making.

The above factors are discussed in this chapter, the
interview findings are then placed in the context of
the literature on model verification and validation.

Key dimensions of model error

Table 2 presents the key characteristics and
dimensions of model error as suggested by the 12
interview respondents (note: this has attempted
to retain the natural language of respondents

but does involve a degree of paraphrasing by the
authors).

Table 2 highlights a diverse set of characteristics

of model errors as discussed by interviewees.
Evidently, there is no clear consensus concerning
what constitutes a ‘model error’. Conflicting views
were particularly noticeable in factors concerning
model design, for example model structures,
assumptions and methodologies. The respondents’
explicit or implied construct of a model error
appeared to be considerably broader than
‘technical errors’ relating to the implementation of
the model.
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Intention, deliberation and
planning

The interview data strongly suggested a general
consensus that model errors were unintended,
unplanned or non-deliberate actions; instances
whereby the modeller would have done things
differently had they been aware of a certain aspect
or underlying characteristic of the model; or
instances whereby the model produced unexpected
or inconsistent results. The unintended actions

of the modeller and the non-deliberate nature of
the modellers’ actions when developing models
appeared to be central to the interviewees’
definitions of model error.

Extent to which the model
is fit for purpose

A commonly cited dimension of a model error
concerned the extent to which the model could
be considered fit for purpose. In particular,
respondents highlighted that a model could

be unfit for its intended purpose in terms of

the underlying conceptual model as well as the
software implementation model, so representing
distinct errors relating to model design as well
as errors relating to the execution of the model.
Respondents implied a relationship between the
concept of model error and the extent to which
a model is fit for purpose, suggesting that the
presence of model errors represents a threat

to the model’s fitness for purpose, whereas the
development and use of a model that is unfit for its
intended purpose is a model error in itself.

Several interviewees drew reference to concepts

of verification and validity as a means through
which to define the concept of model error. Where
interviewees used these terms there was a consensus
regarding their definition, with verification
referring to the question ‘is the model right?” and
validation referring to ‘is it the right model?’.
Although there was general consensus that the
term model error included issues concerning the
verification of a model, there was less clarity about
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TABLE 2 Dimensions/characteristics of model error

Dimensions which are perceived to constitute a model error

a model that is not fit for the purpose for which it was intended
something that causes the model to produce the wrong result

something that causes the model to lead to an incorrect interpretation
of the results/answer

an aspect of the model that is either conceptually or mathematically
invalid

failure to accord with accepted best practice conventions — not doing
something that you should have done

use of inappropriate assumptions that are arbitrary

use of inappropriate assumptions that contradict strong evidence

use of assumptions that the decision-maker does not own, do not feel
comfortable with or cannot support

choices made on the grounds of convenience rather than evidence

something that causes the model to produce unexpected results

Dimensions which are perceived not to
constitute a model error

software bugs

unwritten assumptions that are never challenged
choices made on the grounds of evidence
matters of judgement

inconsistencies with other reports

simplifying assumptions that are explained

use of simpler methodologies/assumptions

aspects of the model that do not influence the
results

small technical errors with limited impact
overoptimistic interpretation of data
mistakes that are immediately corrected

reporting errors

something you would do differently if you were aware of it
an aspect of the model that is unambiguously wrong

an aspect of the model that does not make sense

an aspect of the model that does not reflect the intention of the model

builder for an unplanned reason

a model that inappropriately approaches the scope or modelling

technique

an unjustified mismatch between what the process says should be

happening and what actually happens

an inappropriate relationship between inputs and outputs

an implementation model that does not exactly replicate the

conceptual model

something that markedly changes the incremental cost-effectiveness

ratio irrespective of whether it changes the conclusion
something in the model that leads to the wrong decision

a mistake at any point in the appraisal process — from decision problem

specification to interpretation of results

the relationship between model errors and validity.
For instance, problems in the conceptualisation

of the decision problem and the structure of the
model were generally referred to as ‘inappropriate’
rather than ‘incorrect’, yet nonetheless these were
described as model errors by some respondents.

I think it’s probably easier to know that you
have made an error of verification where
there’s clearly a bit of wrong coding or one
cell has been indexed wrongly or the wrong
data has been used for example which wasn’t
intended. So those are all kinds of error that
are all verification type errors. Errors in the
model rather than it being the wrong model
which is a much bigger area the area of
validation and there people can argue and it
can be open to debate.

[14]

Further, it should be noted that one interviewee
indicated that errors affecting the model validity,
that is errors in the description of the decision
problem and conceptual model potentially dwarfed
technical errors that affected its verification.

...my belief is that if you spend...the majority
of your time, as I say, getting the decision
problem right, making sure you understand
data and how that data relates to the decision
problem and decision model, that...the errors
of programming itself, those ones which are
much more minor.

[17]

A repeatedly stated dimension of model error
that emerged from the interviews was the failure
to adhere to best practice or failure to accord

to current conventions. Alternative viewpoints
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included the notions of failure to do ‘the best you can
do’ or failure to do ‘what you should do’. It was noted
that in some instances this may be the result of a
lack of skills. Further complexity was apparent in
terms of the selection of modelling method and its
relationship to model errors:

I don’t think I would class [it] as an error when
someone says that...they developed this hugely
complex...kind of Markov-type model, and
then said they’d much rather have done it as a
simulation.

[111]

Simplification versus error

The qualitative synthesis suggested mixed views
between the concepts of model assumptions

and model errors. For example, one respondent
appeared to hold a strong view that all
inappropriate assumptions were model errors,
highlighting the importance of the perspective of
the stakeholder (or model user) in distinguishing
between the two concepts:

...One man’s assumption is another man’s
error...

[13]

Other respondents highlighted a fine line between
the necessary use of assumptions, in model
simplification and the introduction of errors into
the model:

If you have an inaccuracy in the model that
has no, or a trivial effect, then it’s not obvious
to me where that stops being a simplification
that you've made to make the decision problem
tractable, and where it becomes an error,...
something that’s inaccurate and we wish to
avoid...that point would be where it starts to
cause a risk that the model is giving a wrong
answer, or is not addressing the question that
you wanted it to.

[16]

...it’s very rare that the model is completely
accurate in that it does exactly what it says it’s
meant to be doing. And it’s never the case that
the model is completely accurate in that it’s

a full and complete picture of the world. And
I'm very comfortable with that, because the
whole point of doing your model is that it’s a
simplification, and that you're trying to extract
a simplified view of the world that teaches you
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something new that wasn’t obvious from the
data that you start with.
[16]

Further to this discussion, one respondent
highlighted a distinction between assumptions and
errors by examining the underlying reason for the
use of the assumption:

So you have to say, ‘Well, to what extent are
the choices being made being made on the
grounds of evidence, and how much were they
on the grounds of convenience?” Now if they’re
made on the grounds of convenience and in
addition to that you know, from my point of
view they are mathematically illiterate, then
that is an error, to me. They are unsustainable.
(13]

Contrary to this viewpoint, one respondent
suggested that unreasonable assumptions and the
overoptimistic interpretation of evidence did not
constitute a model error because of their deliberate
intent. An alternative suggestion for distinguishing
between assumptions and model errors concerned
the perspective of the decision-maker; assumptions
were errors if the decision-maker does not ‘own’
them, does not feel comfortable with them, or
cannot support them upon a wider appraisal of
evidence.

Impact of error on
the model results and
subsequent decision-making

A number of interviewees suggested that the
existence of model errors is inevitable; that it is
only important to ensure that the model is free
from significant errors which have an important
influence on the model outputs and the resulting
policy decision.

...I think it’s rare to find any model without
an error in it somewhere...I think we're
deluding ourselves if we think...that there are
no errors in our models...I think [that] even
if you identify one, that doesn’t mean there
aren’t others, and if you don’t identify one that
doesn’t means there are none.

[15]

An error is something that markedly changes
the ICER regardless of whether it changes the
conclusion.
(12]
21
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The problem is...can you really cope with that
error if someone’s making a policy decision
based on that outcome?

[14]

One interviewee made the interesting observation
that the impact of an error should be considered
relative to the overall uncertainty in results:

...if it changes [the incremental cost-
effectiveness ratio] from £8266 to...£8267
technically it’s an error, the question is, those
technical errors will be absolutely dwarfed by
the uncertainty in the efficacy of the drug, so I
wouldn’t consider them an error.

[12]

This begs the question how wrong does something
have to be before it becomes a model error?

Consequently, for some interviewees, this led to
a very broad boundary around what would be
defined as an error:

...1t’s a mistake at any point in the...appraisal
process, from the initial specification of a
decision problem through to the assumptions,
the parameter inputs and the analysis

that goes behind that, through to the final
implementation and programming of an EXCEL-
based model. And even then, an error in the
interpretation of the results therein.

[17]

Placing the interview
findings in the context

of literature on model
verification and validation

In 1979 the Society for Modelling and Simulation
International (SCS) defined the distinction between
model verification and validation.?”

* Model validation is defined as ‘substantiation
that a computerised model within its domain
of applicability possesses a satisfactory range
of accuracy consistent with the intended
application of the model’.

*  Model verification is defined as ‘substantiation
that a computerised model represents a
conceptual model within specified limits of
accuracy’.

The definitions of model validation and verification
provided by the HTA modellers interviewed in this
study were best captured by the description that
verification refers to the question ‘is the model
right?” and validation refers to the question ‘is it
the right model?’. These definitions are consistent
with the SCS definitions. Although the interviewees
descriptions might lack the apparent rigour of the
SCS definitions, it should be noted that this rigour
is perhaps somewhat illusory because in both cases
the SCS definitions simply recast the problem

as one of defining what constitutes a satisfactory
range of accuracy.

In searching for rigorous approaches to validation
and verification of Operational Research models
many authors draw reference to epistemology and
philosophies of science. In 1967 Naylor et al.*®
rehearsed the opposition between rationalism
and empiricism and proposed a three-stage
approach to model verification based explicitly
upon merging these principles; it should be noted
that at this early stage the terms verification and
validation were used interchangeably. Naylor et

al. suggest that rationalism is represented in the
initial search for a set of postulates regarding the
components, variables and functional relationships
that constitute a model and specifically that

the search for face validity of a model by its
accordance to expert judgement is a rationalist
perspective on validity. However, the authors
consider these initial postulates only as ‘tentative
hypotheses’ on the behaviour of the system and
suggest that these postulates should be verified
empirically, and that this verification constitutes
an empiricist perspective on validity. The third
stage of validation suggested by Naylor et al.,
consists of testing the ability of a model to predict,
retrospectively or prospectively, the behaviour of a
system and represents an application of a positive
economics perspective on model validity. The
three stages outlined above are closely reflected

in the HTA interviewees’ description of the model
development process outlined in Chapter 3 and
indeed in the discussion of simplification versus
error contained earlier in this chapter.

This early literature on model verification and
validation focuses on modelling as a knowledge
creation process. This perspective has led to
validity being defined with reference to a model’s
ability to predict observable phenomena. In
certain methodological work this epistemological
perspective has led to the definition of statistical
criteria for the goodness of fit of a model as
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a measure of its validity.**" None of the HTA
modellers interviewed pursued this perspective of
validity.

In 1993 the European Journal of Operational
Research® published a special issue on validation
in modelling, with the purpose of raising debate
on this topic. The papers presented in this
special issue expand upon the epistemological
roots of model validation methodology. A key
characteristic of operational research modelling
is the focus, not on creating knowledge, but
rather on supporting decision-makers. Moreover,
supporting decision-makers working within a
broad social and political context, working with a
range of criteria and with particular approaches
to the decision-making process. This focus on
supporting decisions underlies the importance

of the pragmatic, instrumentalist or utilitarian
philosophies for model validation. Under these
pragmatic approaches the usefulness of a model,
that is its success in action, is its measure of validity.
Déry et al.** acknowledge Raitt** and Rorty®* as first
explicitly bringing this utilitarian approach to the
discussion of model validation. The interviewees’
principle focus on fitness for purpose as opposed
to statistical accuracy of models reflects strongly
this instrumentalist viewpoint on validity, all of
the HTA modellers interviewed were consistent in
adopting this perspective.

Kleindorfer et al.*® in 1998 reviewed the
philosophical underpinnings of model validation
and extended the discussion to the implications

of Hermeneutics as propounded by Gadamer?®

and more recently Bernstein.*” Hermeneutics
recognises that objectivity is unachievable

and suggests that meaning is created through
intersubjective communication. It is characterised
by a description of rationality that is historically
situated and practical, involving choice,
deliberation and judgement. Kleindorfer’s reading
of Hermeneutics is used to provide a basis for

the primacy of interaction between the modeller
and client in developing mutual understanding

of a model. It is this mutual understanding that
establishes a model’s significance and its warranty.
Kleindorfer et al. propose a framework for model
validation based upon the analogy of a judicial
system, where the model builder is free to establish
the credibility of the model through any reasonable
means. They argue that most model practitioners
instinctively operate in this middle ground
between objectivism and relativism in attempting
to achieve model credibility. Whereas the HTA
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modellers interviewed recognised the importance
of ensuring mutual understanding in the definition
of the problem and structure of the model, none
of the interviewees explicitly raised the issue of
model credibility in considering the definitions

of model error, although this may well have been
assumed. The interviews demonstrate that HTA
modellers tend to act in the manner described by
Kleindorfer ef al., using all means at their disposal
to demonstrate model validity and gain credibility,
without necessarily referring to any philosophical
underpinning for this mode of action.

Decision analytic modelling is essentially a
Bayesian undertaking, both in the theoretical
underpinnings and in the central role of the Bayes
updating formula in the statistical analysis of
decision problems. The Bayes formula provides a
statistical mechanism for updating probabilities or
beliefs in the light of new observations. There is a
substantial methodological and applied literature
on Bayesian methods. Most applications of the
Bayesian approach in the HTA domain apply

the updating procedure to refining estimates of
model parameters within a model in the light of
new data or in facilitating probabilistic sensitivity
analysis. However, the same principle can be
applied in approaching the validity of a model.

In the Bayesian approach, the problem of validity
is framed explicitly in terms of model credibility.
Hence, the credibility, or measure of belief, in

a theory or in our case mathematical model is
updated in the light of new evidence.?

P(m|d) =P(d| m)P(m)/[P(d | m)P(m) +
P(d |not m)P(not m)]

Where m = model and d = data.

This latter approach is closely related to handling
structural uncertainty in models through model
averaging methods. A number of issues arise in this
approach principally concerning the nature of the
subjective prior probability of a theory or model,
and the difficulty in accounting for the open
nature of possible models, i.e. the impossibility

of constructing a complete set of possible models
to consider in the model averaging process or
assigning an adequate assessment of the probability
that none of the described models are correct.
Furthermore, it should be noted that there is
almost a complete absence of discussion of model
verification or operational validity of the model
within the decision-making process within the
Bayesian literature.
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Sargent®**! in a series of closely related conference
proceedings describes a refreshingly practical
approach to verification and validity of models
without recourse to epistemology or philosophy.
Sargent uses a simple model of the model
development process, reproduced in Figure 2, to
develop different aspects of model validity and
verification.

In this scheme the overall validity of a modelling
project comprises the validity of the conceptual
model, the veracity of the implemented model to
the conceptual model and the operational validity
of the results and interpretation of the results in
the decision-making process. It should be noted
that using verification to describe the correct
implementation of the conceptual model in the
computerised model, has resonance with the logical
empiricist philosophical approach to verification as
discussed by Déry et al.*® However, this highlights
the fact that this definition of verification relies on
their being an explicit and complete description
of the conceptual model that acts as a specification
of the computerised model. Where the description
of the conceptual model is absent or incomplete,
this separation between the concepts of verification
and validation breaks down. As has been discussed
in the previous section the absence of an adequate
description of the conceptual model is a common
feature of HTA modelling practice.

The methodological literature on model validation
becomes sparse after the 1993 European Journal

of Operational Research Special Issue,* somewhat
ironically given its stated aims of promoting
discussion. Citations of the articles contained
therein (searches undertaken January 2009) consist
mainly of developments of validation approaches
in specific application domains, for example
Oreskes ¢t al.*? in the earth sciences and indeed
this monograph in HTA. There are few generic
methodological papers***** and these focus on
pragmatic approaches to validation.

The HTA modellers interviewed demonstrate a
pragmatic approach to model validation. Although
there may certainly exist sound philosophical
underpinnings for this stance, it is unclear, firstly,
the extent to which this is a satisfactory position
and secondly the extent to which practitioners

are consciously implementing this as principled
pragmatism or are implementing an unprincipled
laissez faire approach to validation. In their
seminal 1967 paper, Naylor et al.?® described the
problem of ascertaining the validity of a model

as ‘perhaps the most elusive’ unresolved problem
in computer simulation methods; the level of
conflicting opinions and practices identified in
the literature and in the interviews undertaken

in this study indicates that there is still room for
development in this area.
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FIGURE 2 Model of the modelling process. Reproduced with permission from the Institute of Electrical and Electronics Engineers,

Sargent,* ©2004 Institute of Electrical and Electronics Engineers, Inc.
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Chapter 5

A taxonomy of errors

Introduction

This chapter presents a taxonomy of errors in

HTA models, with the purpose of developing a
common language for the development of methods
and processes for identifying errors and avoiding
errors in HTA models. The taxonomy provides a
basis for relating current strategies for avoiding
and identifying model errors to the types of errors
they are intended to impact upon (see Explanatory
analysis concerning methods for preventing errors
in Chapters 6 and 7).

Identifying errors and avoiding errors imply two
different aspects to the taxonomy. First, identifying
errors implies a focus on error symptoms and
error checking processes, whereas avoiding

errors implies a focus on the process of model
development and implementation. The taxonomy
is not designed with the purpose of providing

a checklist for the critical appraisal of models.

As a result, where terminology such as ‘error of
judgement’ is used, this is not meant to necessarily
imply that a process is required or may exist for
identifying a particular instance of judgment as
being in error.

A two-stage process was used in the development of
the taxonomy. First, an interview-based taxonomy
was developed based upon the framework analysis
of the in-depth interviews undertaken with a
sample of the HTA modelling community. Before
discussing individual error types, the interviewees
were asked to describe their conception of

TABLE 3 Distribution of comments across major themes

Error in understanding the problem

Error in the structure and methodology used
Error in the use of evidence

Error in implementation of the model

Error in operation of the model

Error in presentation and understanding of results

Total
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the decision support process, through model
development, implementation and use. This
description of each individual’s perception of

the model development process was then used

as a vehicle for the discussion of the error types.
This helped to ensure that the discussion of error
types, and the balance of error types across the
modelling process, is not biased towards different
parts of the process by the nature of the interviews
and perceptions of the interviewers. In addition,
non-HTA literature regarding spreadsheet and
programming error taxonomies was used as a basis
for comment on the current understanding and
as a means to further develop the taxonomy (see
Review of taxonomy/classification literature).

Table 3 below presents the distribution of comments
from the interviews across the major themes. It is
notable that over 70% of comments related to the
problem definition, structuring process and the use
of evidence, whereas only 17% of comments related
to actual errors in the implementation of models.

This focus among HTA modellers on errors in the
‘softer’ side of the model development process is
supported by explicit comments throughout the
interviews.

...my concerns about quality of outputs and
accuracy is much more around the design of
the conceptual model and asking the correct
questions than it is about the implementing.
Which is not, that they’re not both important,
but that it’s easier to do guidelines around

Comments
n %
21 9
71 31
70 31
38 17
6 3
20 9
226 100
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the technical aspects and it’s something that

as modellers you're more interested in, it’s
your distributions and your methods and your
environments, and it’s things that you can write
down precisely and measure.

[16]

But it’s much easier, I would think, to ask the
wrong question and [that] not get found, and
for that not to be picked up until the end, than
it is to make a major mistake in coding and for
that not to be picked up.

[16]

These concerns relate directly to the synthesis of
respondent’s views of what constitutes a model
error (see Chapter 4), whereby inappropriate
model assumptions and matters of judgement were
clearly considered to represent model errors by
some interviewees but not by others.

The next five sections on errors describe the
interview-based taxonomy of model errors
presented in Figure 3 structured according to the
six major coded themes presented in Table 3,
noting that the discussion of ‘error in operation

of the model’ and ‘error in presentation and
understanding of results’ have been merged,
owing to the limited number of comments in these
domains and their close association. The taxonomy
is structured vertically according to the major
coded themes that represent different aspects of
the model development process constituting error
domains, these major domains are each broken
down into subdomains. Types of errors described
by interviewees in each domain are then discussed;
these are presented in column 2 of the taxonomy.
For each type of error there has been an attempt
to identify potential root causes of errors, these are
presented in column 3 and are grouped together
again in column 4 to identify major themes in the
causes of error.

Error in understanding the
problem

Well, I guess it all stems from what is the
decision problem, to start off with. So...you
know, no matter what you've done, if you've
got the decision problem wrong...basically
it doesn’t matter how accurate the model

is. You're addressing effectively the wrong
decision.

[17]

The key error domains in the understanding and
description of the decision problem identified by
the interviewees were:

* error in the definition of population and
subgroups

* error in the definition of interventions and
comparators

* error in the definition of outcomes.

The charted interview data were examined to
identify components that make up the description
of a decision problem. Interviewees explicitly
mentioned the definition of comparators,
interventions and populations as being important
in the description of the decision problem and
potentially being subject to error. Five out of
seven comments mentioned the comparators
and/or interventions, which were sometimes
indistinguishable, and three comments identified
the population as a key element. Comments
included:

Their conceptualisation missed out strategies
that were highly likely to be the most cost-
effective.

[12]

...we have to be very clear from the outset
that the specification of a decision problem...
and I guess that’s got a number of different
levels, which is, you know...what is the patient
population that we’re interested in, what

are the relevant potential subgroups that lie
therein.

[17]

Errors in the definition of populations,
interventions and comparators seemed to be
associated with subtle aspects of their definition,
for example when considering populations it is
important to appreciate the differences between
subgroups, or in the definition of interventions
or comparators it is the treatment strategy, that is
the definition of treatment sequences, or missed
comparators that give rise to errors.

It is also notable that none of the interviewees
mentioned the definition of the outcome as
potentially problematic when discussing the
description of the problem. This probably reflects
an assumption that has become axiomatic among
HTA modellers that decision-makers require

and are interested primarily in the generic cost-
effectiveness outcome of the incremental cost per
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quality-adjusted life-year (QALY) gained. However,
in discussing the presentation and understanding
of results one interviewee indicated that
presentation of disease-specific results was a key
element in helping decision-makers to understand
the nature of the model results:

So cost per QALY amalgamates a lot of things
together and you might not really know what’s
potentially driving the results quite clearly and
you might not necessarily know that there is an
implication of some of the things that you have
done and you are not pulling them out so you
are failing to really provide all the information
to a decision-maker that they should have.

[18]

It is noteworthy that interviewees focused solely on
elements of the PICO (populations, interventions,
comparators, outcomes) description of the decision
problem. This may indicate that interviewees
considered that the PICO definition adequately
captures the typical HTA decision problem.

The errors identified by the interviewees applicable
across these areas were:

* definitions incoherent with the clinical
understanding of the disease

* inadequate description of the boundary and
content of the decision problem.

These error types are illustrated in the interview
responses presented below:

...but you can see that in some of the NICE
reviews...where the question was asked
incorrectly or the question was framed early
on in a way that was not coherent with the
clinicians’ understanding of the disease. And
so the whole process flowed through and
generated junk at the end.

[16]

...they didn’t realise I'd have to build a
treatment model alongside it and then they
hadn’t invited the right people to come to it...
[they] dropped the ball if they believed you
could do a screening [model] without having a
treatment model, but that wasn’t our error.

[12]

It’s not an error in the model because we did
what they asked us to, but they could have
asked us a better question.

[12]

The prime root cause suggested by the interviewees
for errors in the description and understanding

of the decision problem was a failure of
communication between the stakeholders to the
process. The interviewees identified three types of
stakeholders:

* the decision-maker (NICE or client)

* the decision-modelling team (either an
academic Assessment Group or an Outcomes
Research organisation)

* clinical experts.

Error in the structure and
methodology used

Three broad domains within model structuring can
be distinguished within the interviews:

* development of a conceptual model of
the disease including a description of its
epidemiology, natural history and management

* selection of modelling methods

* moving from the conceptual model to an
implemented model.

Development of a conceptual
model of the disease
including a description of the
epidemiology, natural history
and management

The key subthemes identified by the interviewees
were:

* boundary between simplification and structural
error

* obsolete or outdated model structures

* error in model structure.

A common subtheme identified by nearly half the
interviewees concerned difficulties in identifying
when a simplifying assumption made within the
model structure constitutes an error, as discussed
earlier (see Chapter 4).

Any model is going to be built on a whole set of
assumptions, some of which should be written
up, will be written and some of them might

not be and it is all those assumptions basically
are the ones which in some way may cause us
an error in terms of the results we are going

to get out because they are almost always a
simplification in terms of how we should have
been doing things. There could be very good
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reasons as to why you have done it but in some
senses they are going to potentially force you
down to a particular conclusion when it’s not
necessarily the conclusion you should have got.
[18]

So if there [was] something important in terms
of how long these people were going to live or
what their quality of life was going to be, that
would have been captured by a more detailed
prognostic model, but is not being captured
by the simplification, then it’s an inaccuracy
that you've introduced. And you try and insure
yourself against that by looking at the whether
there’s an established literature, there’s a
consensus among the clinicians that response
status is a good predictor for prognosis.
There’s not a consensus; there’s a good body of
published methodology that this simplification
is acceptable for, for patients with similar
conditions. But unless you do both models,
youll never actually know whether you've
simplified something important out of it.

[16]

These two quotes demonstrate the nub of the
problem in that it is difficult to determine with

any confidence whether assumptions underlying
the model structure might have an impact on the
model results such that subsequent conclusions and
recommendations are affected.

Discussions focused on the role and nature of
evidence supporting such structural assumptions.
There was consistent agreement among the
interviewees that where available evidence
contradicts an assumption then this would
constitute an error. However, where evidence

is absent or equivocal, interviewees were less
consistent in whether it would constitute an error.

...if you’ve developed a structural assumption
that the data would contradict, then you'd
reconsider that. But if it’s simply a case of
absent data, then I wouldn’t seek to change
that, that assumption.

[19]

...if the assumption is arbitrary, or if the
assumption directly contradicts strong
evidence, then it is probably an error in the
sense that the decision-maker would not own it.
[13]

This second quote makes the interesting
observation that whether an assumption constitutes
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an error depends on whether a decision-maker
would have ownership of the assumption.
‘Transparency represents a necessary condition

for ownership of assumptions; as noted by the
respondent [I8], not all simplifying assumptions are
necessarily reported and transparent.

Where there is no evidence or equivocal evidence,
the interviewees indicated that the key themes are
transparency in (1) the nature of the structural
assumptions; (2) underpinning evidence or
judgment; and (3) the potential to impact on the
model outcomes and subsequent decision-making.
Although interviewees did not explicitly make the
analytical leap, the implication could be that lack
of such transparency may constitute an error in
process.

Three interviewees [13, 14, 19] expressed concerns
about the use of obsolete and outdated model
structures arising from the shifting nature of the
evidence base.

Sometimes there might [be an] accumulation
of minor differences, sometimes there’s a
paradigm change.

[13]

I think there is a danger in that as well you
know if you just slavishly adopt a previous
structure to a model and everybody does the
same there’s no potential for better structures
to develop or for mistakes to be appealed so I
think there is a danger in that in some ways.
(14]

The above quotes indicate that an error may lie in
failing to sufficiently capture the relevant evidence
base and as such constitutes an error in evidence
gathering. Other errors in model structure were
identified by interviewees as being caused by the
misinterpretation of evidence. A cited example

of such misinterpretation is in assuming that a
non-statistically significant difference implies an
equality between two treatment effects that can
therefore be analysed using a common model
structure.

Someone who treats something...not to be
statistically significant who treats that as being
the evidence of no difference at all seems to
me to be a huge error and has consequences
for the rest of the model which is a bit difficult
to describe. [The] counter position of having
allowed the uncertainty around that non-
significant treatment effect or whatever it is
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and see what the consequences are — that is an
important one.

[112]

Selection of modelling methods

Three interviewees [12, 13, 14] explicitly identified
the selection of appropriate modelling methods
as a potential area for error. Explicit examples
included the selection of Markov methods in
violation of Markov constraints, inappropriate
use of Monte Carlo sampling methods, and the
inappropriate decision concerning the use of
cohort model or individual patient-level models.

You are making a decision first of all as to
what modelling method to use so there is a
danger there that you maybe adopt the wrong
methodology. I suppose that is a potential
source of validation error as you set off using
Markov when the Markov constraints stop
you like simulation or an individual patient
sampling model or something like that so there
is a potential for an error there and that may
not be picked up for a long time.

[14]

...as soon as you get interactions it becomes
a lot more dangerous to work on a simple
cohort model...just assuming the patients are
independent.

[12]

...even when it comes to Markov type
modelling, not...Monte Carlo type things,
because I find that there are very few people
who routinely use these packages who actually
know the finer points; who understand the
potential pitfalls.

[13]

The above comments indicate that the selection
of appropriate modelling methods is a complex
decision area and that the errors are associated
with sometimes fine errors of judgement.

Moving from conceptual model
to implementation model

There’s no such thing as the right way to
model. You can choose any way you like. It’s
just that some are, you know, easier to use than
others, more convenient. And so, you know,
your conceptual model can be realised in, in an
infinite number of ways.

[13]

Nearly half the interviewees [I1, 12, I8, 19, 112]
identified potential errors introduced in moving
from the conceptual model to the implemented
software model. The process of moving from the
conceptual to the implementation of the model
involves a set of activities and modelling decisions
including:

* selection of modelling software platform

* development of a detailed realisation of
the conceptual model, possibly including
amendments, that arise in implementation of
the model

* design of the implementation of modelling
methods.

As discussed in Chapter 3, there is a wide

range of modelling practice among the HTA
community, particularly with regard to the explicit
identification of conceptual modelling and model
implementation as distinct activities.

Two interviewees [12, 112] indicated that the
premature selection of the modelling software

and the premature implementation of the model
structure (that is before the conceptual model has
been fully developed) can lead to the generation of
errors in models. Furthermore, these interviewees
indicated that such failures in model design

can lead to a vicious circle wherein errors when
identified necessitate further reprogramming that
is in itself highly prone to further errors.

...the addition of states halfway through the
model as regularly happens...just makes your
recoding of an ExceL model incredibly, well not
incredibly difficult, incredibly tedious which
can mean that by being bored senseless you
inadvertently introduce an error.

(12]

The model grew from 30 megabytes to 180 in
trying to fix this (that is a structural error in
the model) at a late stage in an ExceL model, if
we had known this at the outset no way would
we have created the model in EXCEL.

[112]

One interviewee suggested that time and resource
constraints imposed upon the modelling process
and the skills of analysts were factors in decisions
regarding implementation and design and
therefore might be underlying causes of error.

...in terms of our skills it is subjective because
arguably what you might have is a particular
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modelling approach that’s been adopted that
is less than optimal given constraints on time
and research time to what could have been
produced to answer that research question. So
you may think a very simple decision analytical
model where more appropriately it would have
been a more sophisticated model...[that] more
correctly follows the care pathways or where
we believe there may be changes in costs and
outcomes between the interventions we are
looking at.

(18]

Sometimes exploring whether more
sophisticated models would actually have made
a difference and again that’s...making sure you
have actually got the time and there’s your skill
base.

[18]

As noted in Chapter 3, one interviewee highlighted
a missing step in the model development process
as implemented by most HTA modellers, that is

a failure to consider system analysis and design
before model implementation:

...how we will be best able to implement the...
program?, how will it be the structure of the
programming part? And we miss all this, so
we end up building a model that will solve the
problem for sure, but I...I'm not sure it is the
best...the optimal model.

[11]

Error in the use of evidence

Discussions with interviewees concerning errors in
the use of evidence focussed on:

* the use of evidence in informing the
development of model structure

* the role of evidence in populating data inputs
to the model

* generic evidence processes.

Use of evidence in the
development of model structure

The development of model structure is previously
defined as incorporating the development of the
conceptual model of the disease, including the
epidemiology, natural history and management of
the disease, selection of modelling methods and
moving from the conceptual to the implemented
model. Interviewees did not necessarily distinguish
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between these processes and, therefore, individual
quotes concerning the use of evidence in model
structuring may refer to different aspects of this
process. A central theme raised by interviewees
concerning errors in the development of model
structure is the misinterpretation of data, for
example the inappropriate generalisation of
evidence from one environment to another.

If...you’re modelling an intervention, and
the intervention is a clinical action which is
predicated on the environment in which it has
to be delivered and the prevailing ethos and,
and accepted norms of that clinical community,
which is why, you know, an evaluation done in
the States or in Brazil cannot be imported into
the UK without substantial adaptation.

[13]

The interviewees suggested that the
misinterpretation of the data can be associated
with simple misunderstanding of data definitions,
deliberate misinterpretation or errors of judgement
in interpretation.

In terms of what types of errors, well there’s
errors that can be made in understanding,
interpreting...the data, that’s quite an
important area so it’s errors in how the data
has been used in the model.

[14]

One root cause of misunderstanding suggested

by two interviewees concerned a failure of
communication within the Assessment Group; this
was particularly associated with separation of the
information gathering, reviewing functions and
modelling functions.

Basically we have made errors before where

the modellers misunderstood the data that has

been given to us by the person sourcing the

data so that’s quite an easy and obvious error.
(14]

It is the problem of having effectively two
models, one that’s doing a review of the
effectiveness and one that’s an economic model
and they are not the same thing so they are
not translating directly one to the other. One
person does one thing, one person the other
and they have to talk.

(18]

Two interviewees explicitly identified deliberate
misinterpretation of data as a particular form of
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culpable error. One interviewee suggested that

this type of error was sometimes associated with
direct and possibly indirect pressure from decision-
makers to produce models in the absence of direct
evidence, whereas other interviewees suggested
commercial modelling clients might exert indirect
pressure to provide modelled estimates of
outcomes.

Yes I think it is this business of being deliberate
but then it tends to be over optimistic
interpretation of data is really what we’re
criticising.

[15]

They [NICE] made us build the model, and
there was no information!
[11]

One interviewee identified errors of judgement in
making ‘soft’ decisions about model structure as a
potential root cause of error.

...the most difficult ones aren’t just the
numbers; they are where there’s a qualitative
decision. You know, is there any survival
benefit? Yes or no? If there is a survival benefit,
it’s a different model? You know what I mean?
So it’s structural.

[13]

One interviewee identified the premature
definition of model conceptualisation as a potential
source of error in model structuring; this was
associated with making decisions regarding

the model structure that inadequately capture

the evidence base, including subjective clinical
judgement. The root cause of this type of error is a
failure of the process for evidence gathering for use
in model structuring.

...the approaches that have been derived from
the basis of, of your first conceptualisation
as you’e setting up to wed yourself that first
conceptualisation so far, and to make sure
that are there changes in understanding when
going from an ad hoc, non-systematic overview
to something that is more systematic... That’s
to say one of the dangers, I guess, could be that
we end up, because of the time constraints,
developing an idea of the area before you go
off and see your clinical experts.

[19]

Another interviewee suggested that errors arose
from the inadequate capture of subjective evidence
from clinical experts, from the inappropriate

selection of experts covering the breadth of
opinion in a given area, and in ensuring effective
elicitation of clinical information.

Well there are obvious errors in terms of that if
you don’t necessarily speak to the right people.
People have particular perspectives on a
situation and they may tell you what they think
but it may miss out important aspects and the
implication of that is you have a care pathway
which is biased for or against a particular
intervention because you have missed out a
benefit or you've missed out a problem with it.
[18]

Statistical analysis of data, either in premodel
analysis or directly within a model, was identified
by four interviewees [12, I3, 14, I7] as an area of
potential errors within models. Three specific
example areas were identified; ranging from
complex issues of data synthesis or survival analysis
to simple manipulation of data in modelling
population subgroups; all of these impact upon
model structuring.

...then it’s actually how do you then use that
data and synthesise it in a particular way?
And I think there’s a whole series of errors
just waiting to happen at that stage in terms
of assumptions, in terms of statistical sort of
approaches...

(17]

I think survival analysis is an interesting area
and it’s becoming a more prominent area
in many of our models in the way we model
survival and I think again it’s not such a clear
cut thing, because fitting a curve, determining
the parameters for a Weibull curve in another
source of potential error.

[14]

I've seen it happen elsewhere where people
have taken the average value and then for a
subset multiplied it by relative risk without
thinking that the average would then change.
[12]

One of the key themes regarding survival
modelling is in the selection and justification of
models for extrapolating survival.

It’s this classic situation of a chronic disease,
and what people are doing is extrapolating
straight lines. Indefinitely. OK, what have you
got in the whole of the rheumatoid arthritis
literature is built around, modelling for the
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HAQ [Health Assessment Questionnaire] scale,
which is closed at both ends. Right? So, what
will happen to any trend in HAQ? Well, it won’t
go like a straight line. It will asymptote towards
a limit. It may be the maximum of the scale
or the minimum of the scale, or somewhere in
between, but it will certainly, the rate of change
will decrease over time, OK? What does that
mean? Well, if you, if you compare a straight
line extrapolated against the trend, what you,
what you are doing is always overstating your
benefit. Systematically. The net result is that
you're virtually halving your ICER.

[13]

...you can fit a polynomial trend line, but
you don’t know what happens the moment
you drop off the end of the data. It could go
anywhere so the argument really was to go
back to causality, and go through the metabolic
processes that are driving the changes, and
then model those and then demonstrate
effectively calibrate those against clinical
evidence. And then you've got...a basis on
which to project forward.

[13]

A root cause of these errors was identified by
one interviewee as errors of judgement related
to the experience, skills and training of analysts
undertaking this element of the modelling work.

I guess it’s just the statistical techniques
themselves, you know. I guess people don’t
understand what they're doing sometimes...
it’s sort of less experienced people trying to do
fairly sophisticated analysis...without actually
necessarily knowing...you know, exactly the
statistical methods they should be using.

[17]

...it’s errors in judgement, I think, as opposed
to errors in what people are doing. I just think
it’s...you know, whether I think you can pool...
you know, different types of utility studies
together is, is my sort of analytic judgement
versus somebody else’s. But it could quite
clearly result in an error.

[17]

The role of evidence in
populating data inputs to the
model

Probabilistic sensitivity analysis (PSA) is recognised
as the preferred method for estimating mean
values of outcomes and describing uncertainty
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in outcomes. A central requirement of PSA is the
characterisation of all parameters within the model
using quantified statistical distributions. However,
interviewees recognised the potential for error

in characterising input parameter uncertainty
through the specification of adequate distributions:

I would suggest it’s to do with the transparency
of the inputs that are required, and the
robustness of the analysis to model parameters
which are not within the range that’s expected.
[16]

Two specific issues were raised by interviewees. The
first concerned the use of triangular distributions
to characterise parameter uncertainty.

The widespread use of, you know, so-called
triangular distributions. Good grief what is
a triangular distribution? You know, the fact
that people who call themselves statisticians
recommend using constructs like that. I don’t,
it just drives me mad. I mean just you know, it’s
illiterate, really.

[13]

The second, noted that the characterisation of
highly skewed distributions can lead to errors.

If the distributions are really skewed that’s
happened in the past, that’s the one where

I can recall where I got the answer wrong
because it’s got a really skewed distribution of
relative risk that may have had a mean of or

a median of 2.8 and an upper a log normal
distribution with an upper of 31 and you don’t
need many [samples] within the 31 or above 20
times relative risk in order to make something
cost-effective.

(12]

Two interviewees [16, 112] explicitly referred to
problems in interpreting evidence from poorly
reported or poorly executed clinical studies.

...when I go look in the literature, I have one
study published in 1984 for 17 patients that
doesn’t even report standard deviations. So
I can follow the guideline, and I can create a
gamma distribution about that, with a bunch
of arbitrary parameters, and that will then give
me a nice neat 95% confidence interval in my
output. But the quality of that information
is no better, and probably worse, than the
information I had to basically make up to put
into the distribution.

[16]
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There is one that’s occurred to me that isn’t to
do with model building, we are relying on what
other people have done, we are dependent
on their having reported things correctly and
what they did in the first place having been
appropriate. I guess that might be if we want
to be consistent with what’s being done in a
clinical trial that presupposes to some degree
that what was done in the clinical trial was right
in the first place.

[112]

The specific role of critical appraisal of clinical
effectiveness studies is to identify the quality of
execution and reporting of studies. There is an
absence of recognised and accepted methods in
how to incorporate such quality assessment into
the quantitative interpretation of study results. One
interviewee indicated that this issue is not covered
adequately by existing guidelines in characterising
uncertainty.

Generic evidence processes

Interviewee comments on generic evidence issues
focused on searching for evidence and systematic
reviewing of evidence.

You have to be careful to look for the right sort
of search terms.
[112]

...you can look to see what they have done
and see whether there is any, the same way you
peer review...are there any data sources missed
should they have done other stuft within
analyses, sensitivities, so that all comes in, you
would be stupid to blind yourself to it.

[12]

I suppose in terms of when you're critically
appraising something, has a potential effect
been missed out...I mean you can look at
something missing from the model that says,
well, that’s just because the data weren’t there,
people missed it, or it’s something that, you
know, the model’s been structured deliberately
in a way to produce a given outcome.

[19]

Underlying the theme of missing data are issues

of intention versus accidental error, application of
adequate processes and methods, appropriate level
of skills in team members and the application of
judgement.

In considering generic systematic review activities,
two sources of error were identified by the
interviewees. First the potential for mismatch in
the interpretation and definition of data between
the systematic review and the decision model,

and second, the potential for simple transcription
errors in the data extraction activities within the
systematic review.

You might have a result from the systematic
review that is because of the type of data
restrictions they are facing is clinically
implausible so the actual estimate and level
of precision they have around the estimate is
just not plausible so you think what could be
clinically plausible so you use that to define
what are the numbers you put into the model.
[18]

I think there are two sources of errors: one
which is the sheer getting those numbers

out, and making sure that no errors actually
happen in terms of the transcription...and I
think there’s a huge source...of error at that
stage...again depending on the size of your
project etc., you'd hope that it would be kind of
extracted by two individual people with some
kind of consultation, but...I’'m not sure that
always happens.

[17]

Error in implementation of
the model

Errors in implementation identified by the
interviewees can be classified into the following two
domains:

* coding of individual cells
* coding of logic structures within the model.

Coding of individual cells

The interviewees identified that cell contents can
be subject to:

* error in cell referencing/variable calling
* error in values

* error in cell text

* error in formulae/operators.

The cell referencing within a spreadsheet is the
primary mechanism for representing the logical
structure of a decision model:
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...it should map out your conceptual model
it should be an identical replica to the
conceptual.

[12]

However, the most frequently discussed error in
model implementation concerned incorrect cell
referencing.

There’s errors in the wiring of the model,
references that aren’t correct, coding that is
wrong within the model.

[14]

If you're in EXCEL referencing is quite often a
big error, you've referenced it to the wrong cell
and you don’t notice [because] you reference
2000 cells in your model.

[12]

The issue of intention was also raised as a defining
characteristic of an error:

Likewise a programming error where you
misreference cells, presumably you would do
it differently if you did it again because you
misreferenced it in the first place so that is an
error.

[112]

There was also some discussion about the relative
propensity of different software platforms to logical
errors through misreferencing or errors in calling
variables:

...there are...the technical errors that are...
related to...all these little cells in EXCEL and,
er...calling a wrong variable.

[11]

Errors in values within a model and errors in cell
text were also identified as key issues.

...it wasn’t the point estimate that had been
entered wrong, it was the confidence interval
and things like that are difficult to spot...I
couldn’t see what was wrong at first it was only
looking at that and thinking that can’t be right.
[112]

...we’ve put in this process somebody separate,
a health economic modeller, will get a couple
of days to look into the model, check all our
links, check, you know, even down to spelling
in text in there. Try and break this! Give it a
kicking.

[110]
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Interviewees only identified two basic root causes
of errors in cell codes: simple typing errors and
copying errors.

...there are so many different types I think,
from, you know, basic slip-ups where, it’s pretty
obvious that you’ve made a silly mistake, a
typing mistake or copying something from one
cell to another wrongly, all those sort of very
mechanical type problems.

[13]

The operators and functions within a model were
not explicitly identified by interviewees as being
subject to implementation error. Where operators
and functions were explicitly mentioned the focus
concerned structural errors. However. it would

be reasonable to assume that these elements of

a cell code or programme code could be subject
to similar root cause errors, i.e. typing error or
copying error.

Well the typos is factually incorrect, the second
one, the referencing is structurally incorrect
but the entire thing could be built perfectly but
still be wrong because your entire structure’s
round the bend. I could give you a model that
says well for cancer the ICER is 2XA+3 X B
and A and B are just some numbers but
mathematically that’s correct, but structurally
and conceptually it’s a load of XXXX.

[12]

Coding of logic structures within
the model

One interviewee gave two examples of a broader
class of errors in implementation which concerned
the incorrect coding of logic structures. These
examples were errors of implementation of
standard methods that affect the spreadsheet more
broadly than simple random errors in the contents
of single cells. The root cause of these types of
errors was indicated to lie in the judgement,
knowledge or experience of the modeller.

So the accepted convention for discounting
is that you discount after the first year in
whole numbers. Right? So this 12 months

is not discounted, the next is discounted at

1 year and 2 years and so on. Right, well, you
know, people will correctly use the correct
discounting formula from point zero, so they
are discounting every day from then onwards,
OK? It’s not technically incorrect, but it is
conventionally incorrect and inappropriate
if you are then going to make a comparison
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with another study in the same area that’s
discounted in a different way. So then your
answers are then not comparable.

[13]

...when I first learned this sort of thing you
always had to think very carefully about
randomisation and the order in which you
generate random numbers. Because you can
inadvertently bias your results if you don’t get
it right.

[13]

Errors in operation of the
model and model reporting

The key domains discussed by the interviewees in
this section were:

* operation of the model
* presentation of results
e communication of results and conclusions.

Operation of the model

Two interviewees [14, 16] identified the potential
to make errors in setting up the model to generate
outputs, this was particularly relevant when
generating large numbers of sensitivity analyses
and was primarily related to ensuring that all
environmental variables, model switches and data
were set to the intended values for the specific
model run.

For some of the simpler models we leave
the one-way sensitivity analysis to be done
manually, which, of course, gives you an
opportunity for errors at that stage.

[16]

You can have errors in the way the model
output is resolved and you can have errors in
the way the model is used.

[14]

Two primary causes of these errors are implied,
first simple typing errors and second failure to
update values of variables and model switches.

Presentation of results

Two interviewees [12, 18] identified the potential
for making errors in the presentation of results into
the text and tables of reports.

Where I've written 4.3 I actually meant 5.3 but
the model’s right and it’s just me writing down
the number wrong. That’s not a modelling
error, it’s a reporting error.

[12]

...because we will know what the tables are
going to look like prior to the results being
produced we will effectively have dummy
tables, though after they will be completed they
will be looked at to see if they make sense, they
will be checked by the other member of the
project team.

(18]

The root cause identified for the above examples
concerns a simple typing error in transcribing the
results from the model to the report.

Communication of results and
conclusions

One interviewee discussed the potential for errors
in the communication of results to the decision-
making audience.

...something that you...may not have
considered actually...is error in presentation
or understanding; that although the model
outputs are reported correctly they may not
have been reported in a way that the intended
users understand properly so users may
misunderstand the presented outputs and I
think it’s an area that is not often given enough
attention.

[14]

Hence, the communication of results is not clear-
cut and the root cause of this failure lies in the
modelling team’s understanding of the external
audience, specifically in terms of understanding
the needs, requirements, experience and language
of the external audience.

I think it’s very easy when you are working
on the inside of a project to assume that the
knowledge you possess...the things you take for
granted are readily accessible to the people you
are communicating to and that is not always
the case.

[14]

Two interviewees discussed failures of
communication through loss of model credibility
with the decision-making audience. Once
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credibility of the model is lost, the interviewees
experienced grave difficulty in regaining it. In both
instances the loss in credibility was associated with
the presentation of counterintuitive results.

...we had one example of a model where we
were dealing with quite a large number of
technologies but the model was actually being
driven by adverse events rather than by the
prime reason for giving the treatment and
it was quite a struggle not so much with the
people within our own team but actually the
clinical experts who had read the model and
then had come along to NICE and it was quite
a struggle explaining why we were actually
getting plausible results even though we were
getting widely different effectiveness results
from a number of technologies that were
equally effective for the primary purpose but
it was because they had different profiles for
adverse events and that was what was driving
the model but then of course it goes to the
technical leads and if there is anything that the
technical leads don’t understand that comes
back to us so again.

[15]

I was presenting a model and I got quite a lot
of stick, ‘this is meant to be a final version of
a model — what is this glaring error?” And it
wasn’t an error in the model, it didn’t arrive
at something that was consistent with some
external view of what it should be and it was
taken to be an error in the model.

[112]

The credibility of model results therefore
depends on them either being intuitively
acceptable, or for counterintuitive results to

have an immediate rational explanation through
presentation of an adequate range of information
on outcomes and key drivers. The tailoring of
the presentation of results to such circumstances
of course depends on the modelling team having
a perception of what the audience might be
intuitively expecting. As noted earlier (see Error
in understanding the problem), one interviewee
explicitly mentioned the benefit of generating

a larger range of disease-specific outcomes than
the generic cost per QALY, explicitly to aid
decision-makers in understanding the nature of
the model results.

With regard to errors in drawing incorrect
conclusions from results, one interviewee explicitly
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referred to the potential for the overinterpretation
of results in drawing conclusions.

There is interpretation isn’t there and I mean
there is overinterpretation of results.
[15]

I suppose there [are] things like saying that...
looking at the cost-effectiveness acceptability
curve and saying well if this one is at 51% then
it is the preferred option.

[15]

Review of taxonomy/
classification literature

Quantity and quality of the

studies identified

Searches identified eight studies* that presented
original work on classifications or taxonomies

of errors, and one critical review.”® Of the eight
studies all except two focused on errors in
spreadsheet systems, one focused on generic
programming errors*® and a second focused on
errors in the requirements specification process.*
All of the papers were conference proceedings, with
the exception of one," which was published in a
peer-reviewed journal. A brief description of the
studies is presented with the spreadsheet systems
papers discussed first and in chronological order.
Table 4 presents the error classifications from each
of the spreadsheet studies aligned to highlight
congruent themes.

The interview taxonomy is set in the context of
this literature (see Placing the interview taxonomy
of errors in the context of literature on error
classifications).

Panko RH, Halverson RP.
Spreadsheets on trial: a survey

of research on spreadsheet
risks. 1996

Panko and Halverson*® report a review of
literature including experiments in spreadsheet
development, field audits of spreadsheets and
observational studies of spreadsheet development.
Methods for identifying the literature are not
reported.

The purpose of the paper is to summarise
research findings on the risks inherent in end-user
spreadsheet development. The paper uses this

39



40

A taxonomy of errors

literature as the basis for developing a framework
of spreadsheet risks and organises a discussion of
the research findings around this framework.

Three dimensions of risk are identified:
methodology, life cycle stage and research issues.
Research issues are described as the dependent
variables of the research surveyed, the principal
examples given are structural concerns about

spreadsheets as a development platform and errors

in spreadsheets. Second, the life cycle stage is
described as important because of the changing

characteristics and frequencies of errors throughout

the different stages of spreadsheet development
and use. Five life cycle stages are identified;
requirements and design, cell entry, draft stage,
debugging stage and the operational stage. The
methodology dimension is not discussed in detail
in this report.

The Panko-Halverson 1996 classification
differentiates first between qualitative errors
and quantitative errors. Quantitative errors are
flaws that ‘lead to incorrect bottom-line values’.
Qualitative errors are described as ‘flaws that do
not produce immediate quantitative errors. But
they do degrade the quality of the spreadsheet
model and may lead to quantitative errors’.

Panko and Halverson classify quantitative errors
into mechanical, logic and omission errors.
Mechanical errors refer to simple slips including
typing and pointing errors. Logic errors include
designing an incorrect algorithm or ‘creating
the wrong formula to implement the algorithm’.
Omission errors are ‘things left out of the model
that should be there’.

The authors explore further possible subdivisions
of logic errors. One suggested subdivision is

into Eureka or Cassandra errors, the first being
errors that are readily identified and proven to

be errors as compared with Cassandra errors that
are not identified or demonstrated to be errors.
An alternative subdivision is into pure logic errors
‘resulting from a lapse in logic’ or domain logic
errors resulting from a lack of domain knowledge.

Teo TSH, Tan M. Quantitative
and qualitative errors in

spreadsheet development.
19974¢

This conference proceedings paper by Teo and
Tan describes a laboratory-based experiment in
spreadsheet development using business school
students. The literature review gives a brief outline

of spreadsheet research using a subset of the
literature referenced by the earlier Panko and
Halverson* paper.

The error classification cited in the paper and
used in the design of the experiment is the
Panko-Halverson*® classification with qualitative
errors further subdivided into ‘jamming errors’
and ‘duplication errors’. These additional error
classes being referenced to an earlier monograph
by Panko.’* Jamming errors refer to the practice of
entering values within a formula, and duplication
errors refer to the practice of defining a variable
more than once within a spreadsheet.

Rajalingham K, Chadwick DR,
Knight B. Classification of
spreadsheet errors. 2000

These authors present a classification based
upon a ‘thorough review of literature relevant

to spreadsheet development’. The methods for
undertaking the review are not presented and the
source materials used are not referenced.

The authors state that the purpose of the taxonomy
is to facilitate analysis and comprehension of errors
to devise solutions or methods of detection.

The classification, presented in 7able 4, is defined
as a binary tree. The first level divides errors into
system-generated, that is, generated by bugs in
the software, and user-generated errors. Panko
and Halverson® is referenced in dividing user-
generated errors into qualitative and quantitative
€rrors.

Qualitative errors are divided into semantic

and maintainability errors. Semantic errors

are described as being related to distortion

or ambiguity in the meaning of data and
maintainability errors are flaws in spreadsheet
design or implementation that make it hard to
update or are error prone in use. It is not clear
that this division of qualitative errors is exhaustive
or mutually exclusive. Semantic errors are further
subdivided into structural and temporal errors.

Quantitative errors are first divided into accidental
errors or reasoning errors. Accidental errors are
then categorised by perpetrator, of which three
different types are identified, ‘developer’, ‘data
inputter’ and ‘interpreter’. The constraint of
using a binary classification forces the authors to
group ‘data inputter’ and ‘interpreter’ together

as ‘end user’. For each perpetrator a tertiary
classification of errors into ‘omission’, ‘alteration’
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and ‘duplication’ is then defined, that is leaving
something out of the model, amending content of
the model incorrectly or duplicating either data or
structural components of a model. It is not clear
where primary slips in model development, such as
accidentally mistyping a formula, would fall in this
categorisation.

Reasoning errors are categorised into domain
knowledge errors and implementation errors.
Domain knowledge errors are divided into real
world knowledge errors and errors in mathematical
representation. These are similar to the pure logic
and domain logic errors described by Panko and
Halverson.*® Implementation errors arise from
incomplete knowledge of the functionality of the
platform being used and are divided into errors of
syntax and logic.

Rajalingham K. A revised
classification of spreadsheet
errors 2005

In 2005 Rajalingham presented a simplified
version of the earlier classification,*” that
incorporates two main modifications. First, the
dubious classification of qualitative errors into
semantic and maintainability errors is removed
and the previous structural errors classification

1s further subdivided into visible and hidden
errors. Second, the observation that developers
of spreadsheets tend to be end users means that
the error perpetrator classification of accidental
errors is superfluous. Instead, accidental errors
are classified into structural errors or data errors.
Both structure and data are then subdivided into
insertion and update errors and update errors are
further divided into modification and deletion
errors. The classification of reasoning errors is left
unchanged from the earlier paper.*’

Purser M, Chadwick D. Does
an awareness of differing types
of spreadsheet error aid end-
users in identifying spreadsheet
errors. 2006°'

Purser and Chadwick in this conference proceeding
describe an investigation of the effect of experience
and error type awareness on the identification

of errors in spreadsheets. The investigation uses

a web survey including an error identification
exercise undertaken with professionals who use
spreadsheets as part of their work and students
from Business, Computing and Mathematics
schools. As a preliminary part of the project a
classification of error types is devised.

The focus on error identification leads the authors
to make the observation that ‘all errors exhibit
characteristics’ and further that classification of
error types based upon these characteristics would
provide a classification or taxonomy of particular
use in error identification. However, the authors
state that the characteristics of error types are
‘beyond the scope of this research’.

As an alternative, the authors review previous
classifications of errors including Panko and
Halverson* and generate a further revision of the
classification of Rajalingham* with the objective
of removing the remaining duplication within the
bifurcation tree and tailoring it for the purposes of
error identification.

The classification of qualitative errors and
quantitative reasoning errors remain unchanged.
By removing the classification of accidental errors
into ‘structural’ and ‘data input’ errors the authors
remove the duplication of insertion, update,
modification and deletion errors.

The results of the investigation are equivocal
and not all the conclusions made by the authors
are entirely supported by the results of the
investigation.

The authors use a quasi-experimental language

to describe the investigation, proposing a series

of hypotheses. However, there appears to be no
serious attempt at randomisation in the study and
no statistical hypothesis testing is undertaken to
support the conclusions. The results suggest that
awareness of the examined error types makes little
difference to overall error detection rates (slight
worsening); however, subgroup analysis suggests
that identification of qualitative errors actually gets
markedly worse and quantitative errors better. The
conclusions however focus on the improvement in
qualitative error together with the statement ‘and
thus logically awareness of spreadsheet error types
should aid the user in identifying quantitative
spreadsheet errors identification’. It is possible that
the central weakness of this paper arises from the
authors’ failure to develop a classification of errors
based upon observable error type characteristics, as
they themselves identify.

Panko RR. Revising the
Panko-Halverson taxonomy of
spreadsheet risks. 20082

This paper, yet another conference proceeding,
reiterates the three dimensions of spreadsheet
risks; risk category (or error), life cycle stage and
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methodology from the author’s earlier work.*

The paper presents the original classification®
together with a further discussion of its roots in
human error research.’® The modified classification
starts with a division of all errors into blameless
errors and violations. Key examples of violations
are defined as puffery, fraud and a failure to follow
organisational policies regarding, for instance,
spreadsheet development, testing and archiving.

Blameless errors are as before divided into
qualitative and quantitative errors. Quantitative
errors, again following human error research,
are divided into mistakes, or errors of incorrect
intention, and errors of incorrect execution.

Mistakes are divided into context errors and
formula errors. Formula errors include both
mistakes in the design of an algorithm and
mistakes in the expression of an algorithm.
Panko uses a corollary with a study examining
the writing process® to demonstrate the scope

of context errors. Accordingly, in writing, a
hierarchy of abstraction levels is described
including overall purpose, document, chapter
paragraph and word. In writing each word the
writer has to maintain the integrity of the entire
hierarchy. Spreadsheet development has an exact
corollary of abstract levels including; the decision
problem requirements, spreadsheet, module,
section algorithm and formula. Hence, just as in
writing, in spreadsheet development the integrity
of the hierarchy needs to be maintained. Panko
differentiates errors in formulae and errors in
context as referring to the rest of this hierarchy.
Omission errors are included in these context
€ITors.

Errors of incorrect execution are categorised into
slips, that is sensory-motor errors, such as typing
errors and pointing errors, and lapses, that is
memory errors.

Ko AJ, Myers BA. A framework
and methodology for studying

the causes of software errors in
programming systems. 20054357

In this paper Ko and Myers provide a review

of previous studies that have classified bugs,

errors and problems in a range of programming
languages. This review, together with previous
studies on the cognitive difficulties in programming
and general human error mechanisms, has been
used to define a framework for describing the
occurrence of errors in programming systems and
a methodology for studying them.
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The authors differentiate between failures, faults
and errors. Runtime failures are defined as
situations where a programme’s behaviour does
not comply with its design specification. A runtime
fault is defined as ‘a machine state that may

cause a failure’ and a software error is defined as
‘fragment of code that may cause a fault during
execution’. Following reason,*® cognitive processes
underpinning the occurrence of errors in software
development are classified into skill breakdowns,
rule breakdowns and knowledge breakdowns.

Skill breakdowns relate to inattention or
overattention: inattention being associated with
five types of breakdown, strong habit intrusion,
interruptions, delayed action, exceptional stimulus
and interleaving and overattention breakdown
types being omission and repetition. To illustrate,
interruptions during programming may cause
attentional checks to be missed leading to an action
being skipped or a goal being forgotten, unusual
stimuli may be overlooked and appropriate actions
not taken or attentional checks in the middle of a
routine action may lead to an assumption that an
action was not completed leading to repetition.

Rule breakdowns are classified into wrong rules,
‘use of a rule that is successful in most contexts,
but not all’ and bad rules, ‘use of a rule with
problematic conditions or actions’. Knowledge
breakdowns are categorised into bounded
rationality problems; selectivity, biased reviewing
and availability bias, and faulty models of the
problem space, including simplified causality,
illusory correlations, overconfidence and
confirmation bias.

Three life cycle stages are defined, specification,
implementation and runtime activities, the
programming activities in each stage are
considered in relation to the types of cognitive
breakdowns. The authors introduce the important
concept that although individual breakdowns may
give rise to software errors, chains of multiple
breakdowns, errors and faults may be involved in
giving rise to a runtime failure.

Walia GS, Carver }, Philip T.
Requirement error abstraction
and classification: an empirical
study. 2006°°

Walia, Carver and Philip present a classroom
experiment investigating the occurrence of errors
in the requirements specification phase of software
development. As a precursor to undertaking this
classroom study the authors develop a requirement
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error taxonomy, outlined in 7able 5. The use of
this classification was evaluated qualitatively by the
study participants and all errors identified in the
study could be classified.

Placing the interview
taxonomy of errors in the
context of literature on
error classifications

Purpose and design of error
classifications

The error classifications reviewed have been
developed with different purposes in mind. Panko
and Halverson originally described their intention
as providing a framework for the discussion

of research on spreadsheet risks, similarly
Rajalingham focuses on facilitating an analysis and
comprehension of errors to devise solutions.

Strategies for reducing errors and improving the
robustness of systems for decision support are
wide ranging, including for instance; improving
error detection, improving software systems
through design of development environments and
debugging tools, training and skills development
of practitioners and development of modelling
methods. Clearly each strategy may be associated
with different characteristics of errors and therefore
imply a different focus for the classification of
errors within a taxonomy.

TABLE 5 Requirements errors identified by Walia et al.*

People errors Communication
Participation

Domain knowledge

Explicitness concerning the purpose of a taxonomy
is a key factor in its development and design.
Hence the failure of the study by Purser and
Chadwick® into error detection can be ascribed at
least in part to weaknesses in their classification
system. The use of a slightly modified version

of the Rajalingham*’ system, rather than a
classification based upon error characteristics or
symptoms as discussed in their introduction, was
inadequate for the purpose of improving error
detection. Similarly, Teo and Tan*® used the Panko
and Halverson® classification as a basis for a
laboratory study of spreadsheet development. So
as to avoid bias in the experimental design the
investigation is restricted to those error categories
unrelated to domain knowledge. The simple
classification of domain knowledge or contextual
errors is insufficient to support experimental
examination of these error types.

In contrast Ko and Myers* develop a classification
system focused on enabling examination of

root causes of errors and this classification leans
heavily on research into cognitive mechanisms
of human error. The Ko and Myers classification
works at a far more detailed level of abstraction
than is reflected in the discussion of errors in

the HTA modelling interviews. Ko and Myers
use the software error framework that they
develop as the basis for an observational study of
software programmers practice in development
and debugging. The results of this study are
used to inform the development of the software

Understanding specific application

Process execution
Other human cognition
Process errors
Management
Elicitation
Analysis
Traceability

Documentation errors Organisation

No standard usage

Specification

Inadequate method of achieving goal/objective
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development environment, including the

design of debugging aids. The work of Ko and
Myers” indicates the importance and relevance
of research on cognitive processes underlying
human errors for programming errors. The HTA
modelling interviews indicate that there is scope
for developing our understanding of human error
processes in relation to modelling errors.

The classification of errors generated from
interviews with HTA modellers demonstrates that
we are in the very early stages of development

in this area. The purpose of the HTA interview
classification is to set down a starting point for
developing our understanding of errors and to
facilitate discussion. To take forward any strategy
for reducing errors and improving the robustness
of decision support is likely to require further
development of this classification of errors.
Specifically the lessons drawn from the Purser and
Chadwick study®' indicate that a close attention
to describing the symptoms and characteristics of
errors may be beneficial as a basis for improving
error detection techniques.

Criteria for taxonomy

Two important criteria of a taxonomy are (1)

it should be complete, that is, any item being
considered should be able to be located in the
taxonomy, and (2) the classes should be mutually
exclusive, so an item should fall in only one class
within the taxonomy.

The spreadsheet error classification systems
identified in the literature and indeed the HTA
interview error classification, struggle with these
criteria. In the first Panko and Halverson*® system
it is unclear why some omission errors might not
fall into either the mechanical or the logical errors
categories, similarly in the second Rajalingham
system® it is unclear that the division of qualitative
errors into structural and temporal is exhaustive.

The classification derived from the HTA modeller
interviews exhibits similar difficulties to those
found in the literature, a number of reasons
underpin the difficulties in this regard. First, the
absence of a common description of the modelling
process means that location of errors in the
modelling life cycle is problematic. Second, the
interviewees do not have a common perspective
on differentiating between root causes of errors,
model errors and the impact of errors, as a result,
differentiating between these characteristics is
problematic. For these reasons the interview
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taxonomy may be better thought of as an error
classification rather than a formal taxonomy.

The interview classification of
HTA modelling errors

Panko and Halverson* and Ko and Myers*
recognise the importance of the life cycle
dimension of errors. The use of the modelling
process description as a mechanism for discussing
errors in the HTA modeller interviews, and

the subsequent use of the modelling process to
structure the interview classification, echoes this life
cycle dimension.

The second classification system of Panko®
provides perhaps the best match in terms of
purpose and level of abstraction to the interview
classification of modelling errors. The interview
classification is mapped onto this second Panko
classification in Table 6 and this is used here

to further discuss the details of the interview
classification system.

The concept of a ‘violation error’ proposed

by Panko is recognised explicitly by the HTA
modelling community in three ways: first, in

the deliberate structuring of models to produce
given outcomes; second, in the overoptimistic
interpretation of evidence; and third, in the
overoptimistic interpretation of results and
conclusions. All the relevant points of discussion
here arose in relation to discussions about critically
appraising models.

I suppose in terms of when you’re critically
appraising something...the model’s been
structured deliberately in a way to produce a
given outcome.

(19]

However, Panko also considers non-compliance
with procedures and policies also to constitute a
violation error. This issue, although not explicitly
discussed by interviewees, is potentially implied
where errors are associated with inadequacies

of process or methods, especially where those
processes and methods are subject to guidelines or
process and methods documents. The definition of
failure to follow guidance for process and methods
depends significantly on the soundness and validity
of that guidance.

The location of ‘violation errors’ at the top of the
Panko hierarchy of errors is potentially misleading
because each element of the subsequent error
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TABLE 6 HTA modelling errors classified according to Panko*?
Error type by HTA modelling

Error in description of the decision problem

Context error

Error in model structure and methodology used
Violation

Qualitative error

Context error: spreadsheet, module, section design
Context error: formula errors design

Error in the use of evidence

Violation

Context error: spreadsheet, module, section design

Error in implementation of the model

Slips

Context error: spreadsheet, module, section design
Context error: formula errors design

Error in operation of the model

Slips

Lapses

Error in the presentation and understanding of results

Violation
Context error: spreadsheet, module, section design

Slips

classification tree might also be the subject of a
violation error. For instance, if there is a point

at which a misjudgement becomes a negligent
misjudgement then this would constitute a
violation. Alternatively, where errors are the

result of a breakdown in domain or programming
knowledge, this may reflect a violation in the
responsibility of the organisation or individuals
within the organisation for recruitment of
appropriately skilled people and adequate staff
development. Hence, rather than being a separate
class at the head of the hierarchy, violations may
potentially be better considered as more a separate
dimension of errors that run throughout the error
classification tree and may themselves be subject
to further grades in much the same way as sins are
classed as venial or mortal.

The concept of qualitative errors in spreadsheet
design was recognised by the interviewees in
several ways. Interviewees referred to the vicious
circle of poorly designed or executed model

implementation leading to excessive updating and
debugging, leading in turn to further errors. Note
that this description in the interviews reflects the
chains of errors, faults and failures proposed by Ko
and Myers.*® Furthermore interviewees identified
errors associated with the premature selection

of software platforms or model structures and
described these as leading to cumbersome and
unwieldy models, prone to errors in programming
and operation, this description precisely reflects
the type of qualitative errors described by Panko.*
‘Jamming’, as defined by Panko as the mixing

of values within formulae, was explicitly cited by
several interviewees as bad practice leading to the
potential for errors to arise.

It is worth noting that not all error types occur in
all domains. Whereas the distribution of error types
over the different domains appears at first sight
intuitively sensible, for example errors in model
structure are associated with violations, qualitative
and context errors, it is not clear whether the
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complete absence of slips and lapses in this domain
is correct or represents a shortcoming in the
perception of the modelling community.

Understanding the decision
problem

Walia et al.* focus on errors in the requirements
specification phase of the programming cycle, this
is the equivalent to the understanding the decision
problem phase of the modelling cycle and is
informative when compared with the classification
arising from the HTA modeller interviews. The
comments in the HTA modeller interviews focused
primarily on failures in generating a common
understanding between stakeholders or failures of
communication. In the Panko classification this is
captured as a context error, a broad grouping that
is unhelpful in considering error avoidance and
identification strategies.

The study by Walia et al.” describes three categories
of error types, people errors, process errors

and documentation errors. Whereas the central
theme of communication is identified within
‘people errors’, Walia et al. also highlight errors
in participation. Although not raised as errors

by the HTA interviewers themselves, views such
as ‘It’s not an error in the model because we did
what they asked us to, but they could have asked
us a better question,’ [I12] might indicate errors of
participation on behalf of the interviewee.

In terms of process errors, it should be noted
that the interviews included only representatives
of the HTA modelling community whereas the
responsibility for defining and managing key
elements of the process of defining the decision
problem frequently does not lie directly in the
hands of the HTA modellers.

...they didn’t realise I'd have to build a
treatment model alongside it and then they
hadn’t invited the right people to come to it...
[they] dropped the ball if they believed you
could do a screening [model] without having a
treatment model, but that wasn’t our error.

[12]

Addressing these issues may require development
of process as well as modelling methods.
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Conclusion

The interviewees collectively demonstrated
examples of all the major error types identified

in the literature on errors in end-user developer
spreadsheet systems. Taken together, the interview
classification of modelling errors provides a basis
for developing our understanding of errors and
facilitating discussion of errors.

To take forward any strategy for reducing

errors and improving the robustness of decision
support, it is likely that further development

of this classification of errors will be required.
Particular attention should be shown in this regard
when considering methods for improving the
identification of errors.

The literature detailing classifications of
spreadsheet errors, is based around the work of
two key authors, Panko and Rajalingham. Six
different versions of classifications have been
identified, that all struggle in varying degrees

to present classifications that are complete and
mutually exclusive, whereas being rich enough
to be useful. Ko and Myers* identified explicitly
the often complex chains or networks of errors
and faults that can lead to a failure and related
these to research on the cognitive background to
human error. The principle of complex chains
underpinning errors is described in the interviews
but the relation of modelling errors to human
cognitive processes is poorly understood. This
layer of complexity is poorly developed in the
spreadsheet error literature and not explicitly
discussed in the HTA modelling interviews.

The error category termed by Panko ‘context
errors’ hides a multitude of different error
causes. For example this category contains
errors associated with breakdowns in domain/
disease knowledge, modelling skills/knowledge,
programming skills’knowledge, mathematical
logic and statistical methods knowledge. All

of these represent areas of judgement where
the identification of and definition of error

are problematic and may include at their most
extreme, violations of methods and processes.
This area requires specific attention when moving
towards strategies to reduce errors in HTA
modelling.
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Chapter 6

Strategies for avoiding errors

Overview

This chapter explores the procedures and
techniques for preventing the introduction of
errors in health economic models discussed by
the interview respondents. As with the other
themes that emerged from interrogation of the
interview data, a descriptive account of discussions
surrounding the avoidance of model errors

was developed through the categorisation and
classification of the charted transcript data. The
interview data were analysed in terms of the
methods and procedures for error avoidance

as well as the experiences, views and perceived
importance of these methods. Within the
qualitative analysis, five classifications emerged
from the analysis:

1. Mutual understanding, which relates to joint
understanding and communication between
stakeholders to the processes of model
development and use. This includes decision-
makers and clients, clinical advisors and other
stakeholders, health economic modellers
and other members of the research team
such as systematic reviewers and information
specialists.

2. Model complexity and its perceived
relationship to the generation of errors.

3. Housekeeping processes, which relate
to features and techniques that can be
incorporated into implemented models to alert
the modeller to possible errors and ensure
the analyst is aware of the current state of the
model.

4. Guidelines and interviewees’ perceptions of
their necessary content, role and limitations.

5. Skills and training, which explores the skills,
abilities and knowledge that modellers working
within the HTA process should possess.

The techniques and processes identified within

the descriptive analysis were related to the model
taxonomy to examine gaps between types of model
error and current approaches currently adopted by
the HTA community to ensure their avoidance (see
Tuble 7).
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Mutual understanding

Clinician input to the model
development process

The interview data suggested that respondents
agreed that developing an understanding of

the clinical situation or disease process being
investigated is paramount in ensuring model
credibility, highlighting the importance of
clinical input within the model development
process. Although interviewees’ definitions of
what constitutes a model error (see Chapter

4) did not consistently include ‘softer’ issues
around model structuring, much of the discussion
around avoiding errors focused on these. The
primary area in which clinician involvement was
indicated concerned the development of mutual
understanding of the disease process under
consideration:

...make sure that there is always some kind of
oversight by someone with the appropriate
clinical background to put you right...

(19]

...what we would have on every project is as
least one member of the team with research
training but also with a clinical background to
help us with the day-to-day understanding...
(18]

All respondents either implicitly or explicitly
suggested that developing an ongoing relationship
with clinicians who have a specialism in the
disease area under consideration is essential for
the development of health economic models. A
preference for involvement with multiple clinical
advisors throughout the model development
process was suggested by several respondents.

...people do have vested interests and
sometimes people may only know part of the
care pathway, they may be thinking I know the
whole lot but they are not involved in the whole
of the care pathway they are just saying what
they think is happening and that means you
need to speak to various people...

(18]
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One interviewee working within an Outcomes
Research organisation noted that while clinical
advice may be internally available from within

the client’s organisation, the use of independent
clinical advisors may also be preferable. The same
respondent stated, however, that an independent
clinical advisor may not be aware of important
aspects of a clinical trial used to inform the model,
hence independent and company-employed
advisors may both be valuable in developing
models.

...you can have clinical involvement of a
clinician who is removed from the client and
can offer an independent voice, not always
possible due to time constraints...and then you
are relying on clinical advice from within the
company...sometimes that can be better than
advice you get outside because sometimes they
can be more aware of important aspects of the
trial...

[112]

There was some disagreement among respondents
concerning the preferred nature of the relationship
with clinical advisors. Some interviewees suggested
that the research team should meet with clinical
advisors early in the model development process to
develop an understanding of the disease process,
the health states that will need to be considered
and their relationships, and to understand current
clinical practice before attempting to implement
the model on a computer platform.

...there will be a series of meetings where
actually people sit down and try to work out
and start to draw what they think the care
pathways are going to be...It would be myself
or one of the other economists on the project,
sitting there hand drawing it on a big sheet of
A3...

[18]

However, an alternative view (see Chapter 3) was
that the analyst should attempt to implement

an initial model on a computer platform before
meeting with advisors. The majority of statements
relating to mutual understanding between
modellers and clinicians concerned ensuring that
the views of the clinician are adequately captured
by the research team. One respondent discussed
the importance of ensuring that clinicians
understand the modelling process to ensure

that they are able to fully contribute to model
development:

...part of my job is actually to get the clinicians
aware of what is possible to be modelled and
sometimes that is a question, it depends on
their previous experience of modelling in some
cases it is trying to expand the horizons and
make them realise that things are feasible that
they might have been told in the past might
not be on other occasion it might be...to say
what can’t be done. The clinicians that I deal
with it’s mostly a case of trying to expand their
horizons out...

[15]

One respondent highlighted that clinical
advisors serve a role not only in developing an
understanding of current practice (what is), but
also the impact of new interventions on that
practice (what will/may be).

...we are interested in the current practice and
then we are starting to think about how that
practice may change if we put our intervention
in at a particular point...

(18]

Other respondents indicated that they would seek
advice from clinicians regarding the best sources of
data with which to populate the model:

We worked closely with one clinician in
developing the original concepts and he
pointed us in the right direction for data for
populating particular links in the model...

(13]

Respondents indicated that clinical advice is also
important in generating parameter estimates in
instances whereby no evidence is available.

...we would go back to the clinician or other
experts just to see whether the value you're
choosing has any kind of validity...

[19]

Using clinical input to ensure
face validity

Respondents have indicated that clinicians may be
asked to contribute to the validation of the model
in a number of ways. Their input may be sought as
to whether they consider that the model adequately
represents the disease process and disease
management pathways.

...we have a lot of checks with various people
who may be commentators or people who we
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think can question what we are doing; those
experts will be the people who have got an
interest in the disease area or condition area
and have got some understanding of the
process...

[18]

...you've got connections between health states
or whatever and you’re saying that this is how

people move around in there and they [the

question was asked incorrectly, or the question
was framed early on in a way that was not
coherent with the clinicians’ understanding of
the disease. And so the whole process flowed
through and generated junk at the end...

[16]

Furthermore, one respondent raised an issue
concerning a mismatch in expectations between the
research team and the decision-maker.

clinicians] can say well that never happens and
so it’s partly I guess a kind of validation of your
understanding...

[19]

So now NICE wants in the protocol to appear
what modelling technique and what software
you will be using...but, from my point of view

With regards to this point, one respondent
emphasised the benefits of discrete event

simulation software applications that involve visual

interactive modelling, allowing clinical advisors
to watch patients moving between various health
states on screen.

...it’s so easy to do, when you actually see
people move through a model you would
instinctively walk someone through a SimuL8
model because that actually visualises what
they are expecting. In EXCEL it becomes a lot
harder...

[12]

Respondents also stated that they invite clinical

advisors to provide feedback on interim and final
model results and to examine whether the model

results are in agreement with their expectations:

it’s too early...

(11]

The same respondent suggested that the
opportunity for negotiation between the decision-
maker and the research team was limited. Two
further respondents expressed a similar view,
suggesting that the specification of the scoping
document was rigid.

The evaluation should have included all valid
options but when the model is set up what is
the difference in the evaluation of the model,
the model itself could be fine in terms of

what it’s done but it’s not really addressing

the question which it should have been
addressing...to miss out something that should
have been there could potentially lead you to
come to an incorrect conclusion...

(18]

...so I think you can start with what you think

...we will try to explain, well we will either find
out where we’ve gone wrong or alternatively
explain to them [the clinicians] why it shouldn’t
be a surprise because sometimes it shouldn’t
be or, you know, sometimes it is their intuition
or the data or the modelling is wrong...but I
think you tend to assume that once they’re [the
clinicians] not surprised by the thing then that
means you have got it right...

[15]

the ideal is; I think you can then see how

that then maps into what the decision-maker
specified as what they think the decision
problem is, and if there is some kind of
mismatch, and the question is where do you

go from there really with someone like NICE,
who will be quite sort of explicit about ‘we want
you to look at this particular intervention,’

‘we think these are potentially relevant

Mutual understanding between
the decision-maker and other
stakeholders

The respondents suggested that communication

between NICE and other stakeholders involved in

the HTA process had improved over time.

...but you can see that in some of the NICE
reviews, some of the older ones where the
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comparators’. But, then we're pretty restricted
by licence issues etc...

(17]

One respondent raised a point concerning

the Final Appraisal Determination document,
highlighting the need for consensus of opinion
where evidence was lacking or absent.

...in other places it’s a real unknown and there
is no way of satisfactorily filling that gap and

51



52

Strategies for avoiding errors

you will find often then e.g. a NICE Final
Appraisal Determination, a lot of that report
will be discussing that weakness in terms of
the evidence then it just comes down to one
person’s judgment potentially over another’s
although you would hope more that there
would be consensus around it...

[112]

The same respondent further suggested the need
for mutual understanding in instances whereby the
clinical pathway was not well understood or subject
to variation.

So in certain disease areas it might be useful to
have some consensus around what we should
do when we can no longer be explicit...

[112]

Mutual understanding
between the modeller and the
client (Outcomes Research
organisations).

As noted earlier (see Chapter 3), the development
of models within the consultancy field differs
slightly to standard processes within the academic
groups, particularly in terms of understanding the
decision problem. The interview data suggested a
somewhat iterative process of negotiation between
the research team and the client, primarily at

the RFP and proposal stage. One interpretation
of this aspect of the process is to ensure mutual
understanding between both parties and to reduce
the possibility of a mismatch of expectations.

One respondent stated that this negotiation

often starts when the analyst is bidding for the
work and specifying the disease area, treatment,
outcomes and model purpose. The respondent also
suggested that one approach to generating this
shared understanding was through the production
of a report summarising the evidence relating to
the decision problem to be addressed.

...but so then we go through that process and
we normally would put that together in some
kind of report or tabular summary, as a draft
that will get discussed with clients, that will
come back and we’ll kind of take on board
comments and finalise that data set. So we try
and get to a point where we’ve got an evidence
summary that is a shared understanding of the
evidence between us and the client and the in
effect signed up...

[110]

As further noted (see Chapter 3), clinical advice
may also be sought through the use of clinical
advisory boards with the clients to generate
consensus and mutual understanding (often using
external clinical experts). The same respondent
suggested that a key role of clinical input
concerned refining specific aspects of the model
where no predetermined approach had been
agreed, as well as providing iterative feedback

on the model during its development. Indeed,
rather than using clinical input at a single point in
time, it was suggested that the clinician—-modeller
relationship should involve the modeller managing
the expectations of the advisors, but that the entire
process should be ‘a shared journey’:

...I think if we start hitting a specific issue that
we want to really detail and nail down I think
our tendency...and we don’t have any fixed
approach...I think what we end up probably
doing more often than not...is producing
something separate that looks at that particular
aspect, either a short memo or a few slides to
explain it, or we may mock something up in
EXCEL to demonstrate what the key issue is and
I think that’s the way we do it...

[110]

...it’s about managing expectation. And it’s
back to you don’t want them reaching here
and going. This is not a ‘da-da’ moment at
the final results, it’s not, it should be like a
shared journey. You should be finding these
things out together and managing them in true
collaborative style...

[110]

Mutual understanding within the
analytical team

It was noted by the interviewees that research
teams typically consist of a number of researchers
and analysts with various backgrounds and
expertise, e.g. modellers, reviewers, statisticians
and information specialists. Researchers may be
working individually on their own particular part
of the project, or in small groups; several of the
respondents indicated the importance of ensuring
effective communication between the individual
members of the team (and indeed with wider
external stakeholders involved in the process). The
qualitative data suggested that this was commonly
done through meetings and by presenting the
model to people outside the research team. One
respondent described how they would present the
model to individuals within the research group
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who had not been involved in the design or
implementation of the model.

...there’s also a stage of exposing the model
at that stage to I suppose to people within the
health economics group but also outside of
that, so I think there is a, well, I think there’s
a benefit in terms of, again, just going over
the way the model’s been put together...if it’s
a Markov model it would be a presentational
state transition diagram. It would be back
to then explaining the links between states,
beginning to clarify where the data were
coming from, I think I had a suggestion as to
what type of outputs are coming from it...

[19]

Another respondent stated that owing to the
large number of people in the research team,
considerable co-ordination is required to ensure
that information sourced by one member of
the team is coherently communicated to other
team members; the failure of this process has
the capacity to introduce errors into the model
development process.

...what you have got is effectively quite a large
research team, it’s not one person doing it

so a lot of co-ordination of effort is required.
Things can get lost, not reported, lost along
the way, or it might just seem that well actually
for whatever reason I was probably having
problems building the model that was going to
reflect this so I thought about an assumption
which seemed quite sensible to me but when
you have to present it to someone else people
say hold on and that means you cannot do x, y
and z and that will imply something in terms
of results and that may cause a problem later
on...

[18]

One interviewee suggested that many of the errors
that are introduced into models are a result of
miscommunication, the implication of which is
that modellers need to ensure not only that they
understand the decision problem and how the
model relates to it but that all other members

of the research group share this understanding.

As noted above, one way of doing so was the
exposition of the model at meetings throughout its
development.

...I think that very often the source of a lot of
errors is miscommunications so finding ways
in which you can make sure communication
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between different people can be made less
error prone...
(14]

...virtually everything we do will be presented
either to the public health researchers at a
team meeting...

[15]

Model complexity

One key issue that modellers are regularly faced
with when designing or developing a model
concerns its complexity. The interview data
suggested that modellers do not want to spend

a substantial amount of time designing and
implementing a highly complex model when a
simpler design would have sufficed. Nor, however,
do they want to simplify the implementation of
the model to such an extent that clinically relevant
factors are lost or omitted. It should be noted

that the concept of model complexity is in itself
subjective (what is considered a complex model by
one individual may be simplistic to another).

* model complexity and the importance of
transparency

e arguments in favour of model simplicity

* arguments in favour of model complexity.

Model complexity and the
importance of transparency

The interview data suggested that modellers’
preferences concerning the degree of model
complexity was related to their perceived need

for the model to be transparent. However, several
interviewees suggested that the model was required
to be sufficiently complex to answer the question at
the level of detail required.

...I'have a preference for the simplest model
structure that will answer the question...what
we do has to be transparent and verifiable by
an external reviewer...

(16]

In a related discussion, another respondent raised
the issue of transparency with regards to debugging
the model at the end of implementation,
highlighting a trade-off between having a model
that is sufficiently complex to answer the question
but sufficiently simple to ensure transparency and
understanding.
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...transparency can be an interesting one, the
worst kind of error is the one that is never
labelled an error but has resulted in the wrong
decision so transparency is key in allowing
errors to be seen...

[14]

Arguments in favour of model
simplicity

The qualitative analysis revealed a degree of
agreement between the respondents that models
should be as simple as possible provided that
they answer the question to the required degree
of accuracy and do not omit or neglect clinically
relevant features of the decision problem. As
indicated earlier (see Chapter 3) there was no
clear set of principles guiding the appropriate
breadth, depth and level of granularity of models.
One respondent highlighted a trade-off between
spending time understanding the evidence base
and spending time adding complexity into models:

...my gut feel is that normally the bells and
whistles don’t add very much...in terms of
the accuracy of the final product, your time is
better spent really understanding the data that
you’ve got than increasing the sophistication
of the relationships that you create, or the
parameters that you pull out of that data...

[16]

The same respondent referred to an example
drawn from his own experience in which the results
of a complex model and a simple model relating
to the same decision problem were compared; the
interviewee noted very little difference in results

so he expressed an opinion that the additional
accuracy did not justify the extra commitment of
time and resources.

...looking at the findings of quite detailed
patient simulation models with a lot of
flexibility and description of the individuals
and sort of progressive process, and progressive
degenerative diseases and comparing that with
a much simpler Markov state process where
you're grouping the patients much more rigidly
and imposing a structure on what can happen
to them and actually looking at similar inputs
to the two, we got within I think two or three
per cent, near enough, the final output, with
the capacity to do the same sensitivity analyses.
I used to wonder what you were gaining from
the extra run-time and sophistication and it
seemed that the extra flexibility in terms of

the timing of events or the patient history. I
thought two to three per cent was not enough
of a difference in your final output to justify the
extra complexity...

[16]

A similar viewpoint was expressed by other
interview participants.

...unless there is a clinical imperative for it to

be modelled in the more complex manner, I

would try and keep it as simple as possible...
[112]

...I think one simple rule might be to keep it
as simple as you can. There is a lovely quote
from Einstein which is ‘things should be kept
as simple as possible but made no simpler than
that’...

[14]

However, one respondent claimed that models
typically become more complex as the model
development process continues, although this point
was shared by all (one respondent suggested that
sometimes models may become less complex over
time).

...a natural tendency for things to become
more complex in a model over time because
people say well what about this and what about
that and you have to start building other states
in or other transitions...

[14]

Importantly, one respondent perceived a direct
relationship between model complexity and the
chance of creating technical model errors.

...I think it’s a very interesting, fundamental
thing which I haven’t mentioned yet which is
the extent to which you keep a model simple
in order to avoid errors as well because I think
there is an understanding that building more
functionality and complexity into a model
comes at the overhead of a greater probability
that you make a mistake in the model...

[14]

A similar view was expressed by another
respondent, who suggested that there was no point
in building an individual patient-level model if it
is not needed, as it adds complexity, hinders peer
review and increases the probability of an error
being introduced into the model.
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...there is no point using [an] individual
[patient level] model if you don’t need to,
that’s just a waste of effort and also adds in
complexity that clinicians might not like, peer
reviewers might not like and also adds in a
chance of more errors...

[12]

Arguments in favour of model
complexity

Several respondents noted that there are occasions
when, given the level of understanding of the
underlying disease or the presence of dynamic
interactions between model entities, a greater
level of model complexity may be required. One
respondent noted that if implemented without
technical error, the more complex model would be
his preference.

...apart from that everything else as I see it

at the minute it’s all in the same box with
different levels of how hard it is to do...I would
tend to go with the more complicated one
provided they’re confident, in its ability to, that
it’s error free...

[12]

However, respondents highlighted a cost associated
with developing more complex models:

...the danger with the NICE process when
you're up against hard deadlines is that if a
particular set of data doesn’t come you may
forget that it hasn’t come...so in that context
one does try and flag up potential for leaving
in arbitrary data. The simpler the model the
more important it is that one particular thing
is right...

[15]

The analysis of responses concerning model
complexity and transparency highlights the
pragmatic difficulty in defining the appropriate
level of complexity of a model. Inevitably this is a
subjective matter of judgement that appeared to
differ between interviewees.

Housekeeping

Housekeeping concerns features and techniques
employed within an implementation model (and
its development) to facilitate error checking. Four
approaches were discussed by respondents:
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* use of automatic checks and flags

* use of model settings which are visible on the
screen

standard layout conventions

* naming of cells and cell ranges.

Automatic checks and flags

One housekeeping approach raised by respondents
involved the use of automatic checks and ‘flags’
incorporated into the model to draw the attention
of the modeller to potential errors. They can

be used to flag up errors within the calculations
performed within the model, for example sum-
checks to ensure that the sum of rows of transition
probabilities add up to one. In particular,
respondents suggested the use of automatic checks
to ensure that no obvious errors have occurred

in the data entry (e.g. typographical errors) and
programming logic of the model; importantly, the
use of such checks may raise the awareness not only
of the modeller, but any other model user.

...you check that your columns and your rows
add up to the same number, you check that
your probabilities always come to 1, all those
sort of things, they should be on, you know,
if it’s a spreadsheet, they should be on the
spreadsheet. It should be obvious to anybody
if there’s a problem anywhere. And you know
if there is a number which is always positive,
make sure you have a test to flag this up if
anything goes negative, even if it’s 30 years
into the future...

(13]

...there are all sorts of checks that you can
build into the model or apply to it, so you
know there may be basic checks like making
sure your transition probabilities add up to
one. So you can build that in as a development
model and have a check, or make sure you are
accounting for everyone in the population...
[111]

Summary of model settings
visible on screen

A further housekeeping technique suggested by
some interview respondents involved the use of
visible switches (potentially incorporating a master
switch or monitor) to alert the model developer

or user to the current status of the model. For
example, this approach could be used to highlight
whether a certain scenario was selected, e.g. base-
case values, or to toggle between deterministic and
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probabilistic analyses. One respondent suggested
using a monitoring tool (perhaps a cell which
displays a certain colour when all switches or flags
are set at default values or settings). Although the
incorporation of such techniques may involve some
programming time, it was suggested that there is

a payoff in terms of avoiding the presentation of
unintended analysis results.

...to have a summary of what things are set
to so that tends to keep reporting errors
minimised to some extent...

[112]

...very often we have a model which has half
a dozen switches in it, very easy thing to put
a master monitoring cell that goes the right
colour when you have any of those switches set.
The base case will probably be with them unset,
so then when you see the output you know if
the big box is red you know that that output
represents something with the switch on and it
tells you the switch is on...

[14]

Use of a standard model layout

At one extreme, one of the respondents stated that
their institution had adopted a formalised standard
model layout with colour coding of certain
common elements of the model (e.g. parameters).
However, many respondents stated that they
adopted at least some degree of standardisation

in terms of model layout; most commonly this
involved retaining all model parameters within the
same worksheet.

...try and keep all the inputs in one place and
have them referenced so that someone can go
through and say yes that unit cost was £43, tick
that sort of check...

[111]

A further suggestion concerned the structured
programming of formulae within the model by
copying cell formulae rather than ‘hard coding’
numbers:

...I think you can design the spreadsheets to
minimise that by keeping the inputs in one
place by keeping the calculations in a nice
ordered way...the calculation phases across
several sheets in a spreadsheet it’s more
difficult to identify where it’s all going wrong...
it’s possible just to copy formulae down rather

than having hard-coded things and stuff that
can go wrong...
[111]

Several respondents expressed a belief that such
housekeeping procedures facilitate internal peer
review by other modellers who have not been
directly involved in the design or implementation
of the model:

...we use a standard set of colours for the
different sorts of cell in our spreadsheet. So we
use one colour for the check sum, we use one
colour for the data entry points, we use one
colour for the derived data entry points, use
certain colours for each output, we arrange
our sheets in a particular way and we have a
separate work sheet for specific elements of the
models. For example, each comparator arm
will have its own sheet and we always do that...
having those standards allows each modeller to
much more quickly understand the model and
to build it in a way that potentially avoids some
of the sources of error...

[14]

It differs because if you want the model to be
transparent within EXCEL...you need it to be
in a nice way so that all your variables that are
going to change within the model are on one
spreadsheet, they’re all in a nice line...

(12]

I would have all the parameters on the same
page, all the input parameters on the same

page...
[12]

Naming of spreadsheet cells

A further housekeeping procedure suggested by
the interviewees concerned the use of names for
input cells (and cell ranges) within spreadsheets.

It is clear that this approach may avoid some
programming errors; whereas mistyping a cell
reference in EXCEL may go unnoticed during model
development, mistyping a cell name will return an
error value (a ‘#NAME? value’). Such approaches
may also enhance the transparency of relationships
within the model if cell ranges are named clearly.

...it’s a very different game when you’re
building a model in EXCEL as opposed to
writing a document, the consequences of
making a small mistake can be quite high you
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have to be very careful about how you build
things and how you then check them and so.
Using named references for example, rather
than saying A3 using a named reference you
probably would not have made that mistake...
[14]

If we use range names we try and label them
in the actual thing as well so you can see the
range names on cells...

[110]

Guidelines

Eleven of twelve respondents discussed the
potential role of modelling guidelines. However,
the term ‘guidelines’ may have been interpreted
differently; at one extreme some may view
guidelines as a standardised model development
map that prescribes good practice under any
eventuality, whereas others may have more relaxed
views of what constitutes a guideline, for example,
reference cases, critical appraisal checklists and
good practice suggestions.

Guidelines define good practice

The qualitative synthesis suggested some
agreement between the respondents that guidelines
which define either good practice or a ‘minimum
standard’ should be attained. However, it was
suggested that such modelling guidelines should
not be restrictive or inhibit the exploration of
potentially innovative techniques and solutions
beyond their remit.

...[there is] no scientific reason of why [we]
use EXCEL [it’s] just a practical thing...other
software that can be much more efficient and
effective...So if you are going to see guidelines
like that I don’t want the guidelines but if you
see it as a quality standard then it’s another
thing...

[11]

...guidelines that are too prescriptive might
inhibit the scope to explore things in the
way they should be explored by using the
appropriate methods and might inhibit
innovation as well because things are always
done in the same way so I think you need
guidelines that are flexible but I think there
are a lot of very sensible things that can be
done in any situation that contribute greatly
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to the prevention of errors in the models
just adopting simple standards for writing
models...

(14]

Another respondent expressed a similar viewpoint
but raised concerns about the potential to use
guidelines as a means of reducing accountability
for model errors.

...they would be ‘best practice in modelling’
type guidelines, I can’t see any harm...you
have got to be careful not to take those sorts of
guidelines too prescriptively, you have got to be
responsible for your own work and own errors,
you can’t disclaim it...

[112]

One respondent further suggested a potential
benefit of the development of guidelines in terms
of defining a point of reference for models.

...in that sense they [guidelines] are useful
because they allow anybody the same point of
reference...

(18]

...I think the principle of having an overriding
set of standards or guidelines in a wider sense,
is kind of necessary; and that’s what’s led to the
reference case I guess and various things isn’t
it?...

[110]

Not all respondents were in favour of guidelines
in any form; one respondent suggested that
guidelines were unnecessary in any form; that they
are not a sufficient replacement of scrutiny.

...I'm not a great fan of guidelines and
standard operating procedures...I'm a great
believer in scrutiny and a great believer in...
fitness for purpose...

[15]

Similarly, a different respondent suggested that the
value of guidelines was at best limited, serving a
useful role only in terms of teaching purposes. In
particular, several respondents expressed negative
views concerning the value of ‘ticking boxes’ in
checKklists.

...guidelines for, you know, for people to
operate and to use for checking and ticking
boxes and things. I mean, I don’t know that
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it would do too much harm, but it wouldn’t
do much good either, I don’t think...to be
perfectly honest. I mean, the only useful
place for using that sort of thing, I think, is in
teaching...

[13]

...We actually took the Drummond checklist
for economic evaluations and applied it to the
industry model and we got all the way down
saying yes, yes, yes, yes until we got to I think
it was number 34, do the results follow from
the data at which point we said no in very large
capitals...

[15]

This concern was summarised by one of the
respondents:

...It’s all so easy for you to get a lot of ticks on
guidelines and checklists when actually you've
done something fundamental that is so special
to the particular problem...but the guideline,
and unless you are getting to questions like
does the model reflect the clinical reality, that
is the whole question from the start. It’s not
really a question on the checklist it is the whole
objective of the checklist itself...

[15]

Remit of guidelines

As alluded to above, the interview data did
suggest some consensus surrounding the value of
modelling guidelines, indicating that although
technical aspects could be easily covered, issues
surrounding understanding the decision problem
and conceptual modelling were more difficult to
capture.

...s0 I would perceive a risk that if we go down
the guidelines path, we end up with something
which is a technical guide for software
developers that doesn’t address the basic the
earlier question in the process, which is: ‘is
this model actually designed appropriately to
answer the question for which it was intended?’
So I'd be much more interested in guidelines
or in ways of working that helped address that
fit-for-purpose question, but I appreciate that’s
a much harder thing to do...

[16]

...again it’s easy to write a guideline that has a
wish list of all our favourite distributions that

we would like to use for the different kinds of
parameters...

[16]

Skills and training

The final subtheme relating to the prevention

of errors within models concerned the skills and
training of the modeller and the broader research
team. Interview discussions covered a range of
skills; the qualitative data were interrogated with
respect to four classifications:

» skills related to the design and development of
models

» skills related to locating errors in models

* skills in statistical analysis techniques

* background and other abilities of the modeller.

Skills related to the design and
development of models

One of the points that the qualitative analysis
exposed was that analysts are concerned more
about the ability to design and develop the correct
model than the ability to actually implement the
model correctly on the chosen computer platform:

...in the design stage a bit more...not to do
with how to use the software, like...whether I
learnt to use...EXCEL or whatever, but rather

more on how to develop programs...
(1]

One respondent stated that there were some
modelling approaches that he would not attempt
to implement because he was not confident in his
ability to complete the investigation within agreed
timescales.

...there will be some things you yourself will

do particular modelling approaches that I will
probably not want to do simply because I am
not confident in my ability to complete them to
my satisfaction within a time scale...

(18]

Skills related to locating errors
in models

Some discussion was held concerning modellers’
skills in identifying model errors. One respondent
emphasised that the ability to scrutinise models is a
key skill.
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...well it is mostly appropriate training and I
think again it is scrutiny...it all comes back to
it’s scrutiny...

[15]

A separate respondent defined the skills to locate
a model error as separate to skills concerning
developing the correct model or implementing the
model on a computer platform.

...it’s nothing to do with how good you are at
ExCEL and I don’t think it’s anything to do with
how intellectual you are at conceptualising the
problem, I just think it’s. I think it’s separate,
I think it’s, I don’t know, it’s just the ability to
be prepared to see a problem as something
that you break down into bits and you track
it down in a logical fashion and you try and
narrow down to where the problem is. There’s
the problem, cut it in half and the problem’s in
this half, right I'm going to cut it in thirds, the
problems in this third. And within 5 minutes
you’ve nailed it down to the five lines of code
where it has to be otherwise this thing wouldn’t
be happening...

[110]

Skills in statistical analysis
techniques

A minority of interviewees discussed training in the
use of statistics techniques and software as a means
of avoiding errors. One of the respondents raised
an important point regarding the use of statistics:
that user-friendly software may result in errors, not
as a fault of the software itself, but rather through
the misunderstanding of the user implementing
the software (for example, wINBUGS software comes
with a user ‘health warning’; www.mrc-bsu.cam.

ac.uk/bugs).

...1t’s a matter of knowing what the tool does
as you learn to use it and really trying to
teach limitations alongside teaching use of
tools...sometimes user friendly software isn’t
necessarily a good thing because there is a
distinction between software that is easy to use
well and software that is easy to use badly...

[15]

...there’s two levels of training. One which is
training in sort of statistical approaches and...
methods sort of research, and then there’s a
sort of actually...you know, the actual using
software to then do that...

[17]
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Background and other abilities
of the modeller

The final classification concerned the impact of
the background and abilities of the modeller in
avoiding errors. Limited discussions were had
on this issue. One respondent had a particularly
strong view about the characteristics of ‘good’
modellers.

...if you are intelligent you should spot a hell
of a load of them [errors] straight off...your
best bet for stopping errors is to employ an
intelligent person...

(12]

...you will have people who are naturally better
at estimating an answer from just looking
at it on paper, than those that aren’t, but I
think those are the people who make the best
modellers and then the best modellers will get
it more right because they know what they are
doing...

(12]

The same respondent discussed an ‘instinctive’
characteristic of modellers and the necessary
presence of ‘gut feeling’ with respect to the
identification and avoidance of errors.

...you instinctively know what model to build,
you instinctively know whether the answer
looks wrong and if they do look wrong that’s
when your alarm bell goes oft. Obviously, if

I miss some what I'm calling non-significant
errors, they might be in there and I've missed
them because my gut feeling hasn’t said they
were wrong, anybody who never has a gut
feeling telling them it’s wrong will never spot
any of those...

(12]

Furthermore, a different respondent suggested
that the ideal background for health economic
modellers may not be health economics, but rather
some associated modelling discipline.

...maybe the people that do that [design and
develop models] best are the people who've
not come to this from a pure health economist
context but have come to it from a more
professional modelling context and I think
there’s something in that kind of mathematical
modelling mindset that we’ve already got
before we’ve got into health economics and
knew what a QALY was that says that’s how
you deal with that kind of problem. You either
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come at it from another route, break it down
into bits or you stick these numbers through,
and I think to an extent you only get that
through having that background of doing
enough of these that you find your way with
1t...

[110]

Explanatory analysis
concerning methods for
preventing errors

Table 7 presents an explanatory analysis which
attempts to link the current methods for
preventing model errors to the taxonomy of model
error presented earlier (see Chapter 5). The
leftmost column details ‘methods’ currently used

to avoid error raised by the interview respondents.
These are loosely defined as either processes or
techniques; the former relate to issues in the model
development process, whereas the latter relate to
techniques of implementation. These methods
have been mapped against the types of model error

they are likely (or intended) to avoid, based on the
interview data and through detailed discussion
among the authors. As far as possible these
approaches for avoiding errors have been mapped
to the root cause of the model error; however, in
several instances the primary source or cause of
error was unclear. The mapping presented in Table
7 may not exhaustively capture every type of error
that these methods address. In addition, given

the variation in the elicited model development
processes of individual respondents (see Chapter
3), the use of the full range of methods for
avoiding errors is not necessarily typical.

A number of emergent issues arose from the
interpretation of the mapping presented in

Table 7. A simple crosstabulation of the number

of avoidance strategies for each error domain

gives an indication of the focus of the modelling
community on different areas of model validity.
Clearly, the range of methods and approaches to
avoiding model errors is considerably broader than
the housekeeping techniques focused on avoiding
errors in the implementation of the model; only

TABLE 7 Relationship between methods for avoiding errors and error types

Relationship with error taxonomy

Interventions discussed by
interviewees

Intervention type Relevant error domains

Primary error targets

Clinician input to the model development process and use of clinical input to ensure face validity

Establish ongoing long-term Process
involvement with clinicians who know

about disease

Use internal and external clinical input Process
to elicit information on efficacy and
effectiveness

Ask clinicians to provide feedback on  Process

how results meet their expectations

Discuss what is possible with clinicians Process

Discuss assumptions with clinicians Process
throughout process

Discuss likely impact of intervention Process
with clinicians

Discuss data sources with clinician Process
(directed by clinician)

Ask experts who know about the Process
disease to comment on the model

Ask experts who know about the Process

disease to comment on the clinical
pathways

Description of the decision 10, 40, 150
problem/structure and

methodology used/use of

evidence

Use of evidence 150, 225

Presentation and
understanding of results/
potentially all error domains

290 (may relate to any
point on taxonomy)

Model structure and 40, 50
methodology used

Model structure and 20, 40, 50
methodology used

Model structure and 40
methodology used

Use of evidence 100, 180
Model structure and 20, 40, 50
methodology used

Model structure and 40

methodology used
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TABLE 7 Relationship between methods for avoiding errors and error types (continued)

Relationship with error taxonomy
Interventions discussed by

interviewees Intervention type Relevant error domains Primary error targets

Step through model pathways with Process Model structure and 40

clinicians methodology used

Build initial model before meeting Process/technique Model structure and 40, 50, 60

clinicians methodology used

Draw out pathways on paper with Technique Model structure and 40

clinicians methodology used

Developing written documentation of ~ Technique Model structure and 20, 40, 60

the proposed model structure methodology used

Use of diagrams or sketches of Technique Model structure and 40

model designs and/or clinical/disease methodology used

pathways

Memos Technique Model structure and 20, 40, 60
methodology used

Representative mock-ups to illustrate  Technique Model structure and 40, 50, 60

specific issues in the proposed methodology used

implementation model

Written interpretations of evidence Technique Model structure and 20, 30, 40, 50
methodology used

Mutual understanding between the researcher and decision-makericlient

Iterative negotiation and Process Description of the decision 10
communication between the modeller problem

and the client (managing expectations)

Advisory committees to generate Process Model structure and 20, 30, 40, 50
consensus of best approach methodology used

Mutual understanding within the team

Meetings with research team through  Process Model structure and 70, 150, 225
project methodology used/use of

evidence
Presentations to internal team and Process Model structure and 70, 150, 225
wider team throughout project methodology used/use of

evidence
Exposition of model during research Process Model structure and 70, 150, 225
team meetings methodology used/use of

evidence

Handling model complexity

Ensuring transparency of model Technique Model structure and 30
methodology used

Housekeeping techniques

Automatic checks Technique Implementation of the model 230, 240, 250

Automatic flags (including master flag) Technique Operation of the model 270

Summary of model settings visible on  Technique Operation of the model 270

screen

Use of a standard model layout Technique Implementation of the model/ 250, 270
operation of the model

Naming of spreadsheet cells and Technique Implementation of the model 230, 240, 250

ranges

continued
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TABLE 7 Relationship between methods for avoiding errors and error types (continued)

Relationship with error taxonomy

Interventions discussed by
interviewees

Establishment and dissemination of good practice

Development of guidelines Process
Skills and training

Develop skills in understanding Process
software

Develop skills in developing programs  Process
Develop skills in scrutinising models Process
Develop skills for analysing problems  Process
Developing skills besides health Process

economics

one-fifth of the methods target the implementation
and operation of the model. The remaining four-
fifths target the conceptual validity of the model.
Very little emphasis is placed on presenting

and communicating results and conclusions. An
emergent issue that is evident in the synthesis
concerns the nature, and balance, of processes and
techniques for avoiding model errors. In particular,
the techniques detailed are explicit, and can be
interpreted as relating to how something should

be done, for example, implementing a specific
model layout. On the other hand, the processes
for avoiding errors recognise that there is a need
to be addressed and acknowledge that something
should be done as part of model development;
however, in many cases this is not accompanied

by a clear strategy for achieving the required goal.
This issue particularly affects those aspects relating
to the definition of the decision problem and
conceptual modelling. A number of requirements
are identified to achieve clarity and mutual
understanding; these are expressed as process
requirements (e.g. establishment of long-term
clinical input) to avoid errors in the description

of the decision problem. Whereas a number of

Intervention type Relevant error domains

Primary error targets

Model structure and 30, 50, 10, 170, 190, 310
methodology used/use of
evidence/presentation and

understanding of results

Model structure and 60, 70, 250
methodology used/

implementation of the model

Model structure and 70, 80, 90

methodology used

All error domains Any point on taxonomy

All error domains (primary Any point on taxonomy

communication and
judgement errors)

All error domains Any point on taxonomy

techniques are suggested by the interviewees, for
example, sketching out clinical pathways, these
are not framed within an overall strategy for
structuring complex problems.

Placing the findings of the
interviews in the context of
the literature on avoiding
errors

Fostering mutual understanding between the
modelling team and all stakeholders to the
decision-making process is targeted at achieving
model credibility. The issue of defining appropriate
level of complexity is well discussed within the
literature; however, no objective methods are
suggested for dealing with this issue. Literature

on problem-structuring methods suggests that the
focus should be on developing adequate models,
that are ‘owned’ by the decision-maker. This in
turn, highlights the importance of transparency of
reporting, implementation and interpretation of
models.
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Chapter 7

Strategies for identifying errors

Overview

This chapter presents a qualitative analysis of
discussions concerning procedures and techniques
that are employed to identify whether, where and
why errors have been introduced into models.

As part of the Framework analysis, a number of
classifications emerged from the qualitative data.

Check face validity with clinicians.

Do the results appear reasonable?

Test model behaviour.

Is the model able to reproduce its inputs?

Can the model replicate other data not used in

its construction?

* Compare answers with the answers generated
by alternative models.

* Peer review of models.

* Double checking of input values.

* Double-programming.

Check face validity with
experts

A commonly cited approach used in the
identification of model errors concerned
checking face validity of interim and final model
results with people who know about the disease
and treatment(s) under consideration. This

has relevance both in the avoidance and the
identification of errors; in this case the primary
differences in its role concerning whether the
error is found before or after the decision has been
made, or whether a model is being scrutinised by
clinical experts acting on behalf of the decision-
maker (e.g. reviewing models submitted by
manufacturers within the Single Technology
Appraisal process). Key discussions surrounding
this issue have therefore been presented (see
Chapter 6).

Do the results appear
reasonable?
A common issue concerning the identification of

model errors involved whether the results appeared
to be ‘reasonable’. As noted earlier (see Chapter 4),
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the ‘reasonableness’ of model results, and whether
they match preconceived expectations, were raised
as dimensions of what constitutes a model error.

...there’s a level of validation which can
happen at [the] end of any model, because, you
know, you want to make sure it’s actually giving
you numbers which aren’t ridiculous...

[17]
...I suppose, that there’s a kind of issue of
judgement in terms of whether it looks,
whether the model itself looks reasonable...

[19]

The ability of a modeller to develop an expectation
of the answer has been discussed previously (see
Chapter 6, Skills and training). As highlighted
through these previous discussions, the source of
these expectations differed between respondents.
For example, one respondent suggested that an
expectation of the answer can be formed by the
modeller through an examination of the key
features of the disease and the evidence used to
inform the model.

...you’ll look at the key things which...

are going on, but you want this right at the

beginning of the process. We call it the sniff

test which is whether the result smells right...
(16]

In practice, this approach echoes the idea of
‘skeleton models’; ‘back-of-the-envelope’ models,
which adopt a high level of abstraction to
generate an expectation of the model result. One
respondent highlighted how this might work in
practice; however, as already noted (see Chapter
4), although a model result may match one’s
expectations, this does not provide a guarantee
that the model is error-free.

...my back of the envelope said this was going
to be about forty grand per QALY and there
were some subgroups that might be interesting.
If you come to the end, or you come to a draft
model of the results, and you have something
radically different from that, then there should
be a reason. If it comes out and it’s four grand
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per QALY then it just smells wrong, and
something has changed between the decision
problem you thought you were looking at in
the beginning and the data that’s actually been
implemented...

[16]

...do the results, if it [the model] says the ICER
is £50,000...does that seem about right using
the back of the envelope sort of techniques...
you're never going to be able to confirm that
exactly without the full model full calculations
but you should be able to at least justify [it] or
not within a fairly...certain range...

[111]

The same respondent described the action which
he would take if there were a significant difference
between the expectation and the answer from the
model:

That’s the sort of detective phase I think,
identifying which bit is different, so your fag
packet might have got differences in costs
divided by differences in QALYs...so firstly
which of those two or both is different from
what the model is generating, and if it’s
say the difference in costs, is there a cost of
intervention or the cost of the comparator,
which one’s wrong?

[111]

Similarly, another respondent stated that he
estimates what the model output should be using
pen and paper at the start of the project; if this
approximated result is not within a reasonable
tolerance of the results from the final model, he
then attempts to establish which is wrong and why.

...I'regularly work out the answer before I do

the project and see if I am right or not, and if
I don’t end up with the answer I think I have,

work out why I was mistaken in the beginning,
why my original calculation was wrong or why
the new calculation is wrong...

[12]
That’s why it’s interesting, when it doesn’t
match your back of the fag packet answer,
you’ve got to be damn sure you are right...

[12]

A different respondent stated that when a model is
operating in an unexpected fashion then one of the
approaches is to build up the same relationships
and logic and try to track down which part of the
model is responsible for the error.

...if issues are identified in the model during
construction or in quality control and it’s one
of those really annoying, why the hell is this
doing this? Then one of the approaches is,
and again this is experience and not written
down. It’s out the model and I'm going to go
down to back of the fag packet, start again and
just build up the same thing, in essence, not
replicate it, but just build up the same kind of
relationship and logic to see whether that’s at
all possible or try and track down which part of
that process must be going wrong to hit those
kind of numbers...

[110]

The same respondent suggested that such
approaches should be a standard part of the model
development process.

All the good modellers do and the bad ones
don’t...
[110]

Testing model behaviour

Testing model behaviour relates to the process of
changing the input values in a way which will result
in a change in the results, and examining whether
the change was expected (note there is a direct
link to the methods for developing expectations
described previously). One respondent suggested

a series of logical tests involving the efficacy of
interventions as a means of identifying potential
errors within a model.

...if I increase the efficacy of an intervention,
the effectiveness ought to go up and the cost-
effectiveness ought to go down. If I switch the
inputs for the two arms of the model, I should
get the opposite result out of it at the end. If I
put the same inputs into both arms, I should
get a null...
[16]

...as you start to think through the model you
start to think of an expectation of what the
results are going to be and given a certain
change how you think the results should
change and the more specific you get in
terms of the structure of a model and the data
inputs the more specific you can be about how
you expect the change to be so if it isn’t in
the direction or the magnitude that you are
expecting, you are expecting that you have
probably made a mistake somewhere...

[18]
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Another respondent states that it is possible to
prospectively define a set of input parameters and
develop an expectation of their impact on the
model output.

...well...one thing you can do is you'd define
a set of input[s], and you know what will be
the set of output[s]. And with that, you know
exactly...whether the results are right or
wrong...

[11]

...you see testing as a black box where you
define input and you know what output you are
expecting. So you change the inputs, and you
see how the outputs change...

[I1]

The same respondent highlighted that techniques
exist that can facilitate this process of design and
analysis; however these are not currently used
within HTA modelling.

Imagine you have five inputs that can have
different values, each of them, and you know
what the outputs should be for the values.
What would be the minimum number of
combinations that you can do with your five
inputs in order to get to be sure that the
outputs are correct...so there are techniques
that tell you how to define your testing inputs,
then, in order to get the outputs...

[11]

Another suggestion concerned the use of model
functionality tests such as altering assumptions
concerning the initial distribution of patients in the
model.

...model functionality tests...what happens if
you set the starting population to be all in one
state rather than another...

[111]

Another approach was to test extreme input values
in terms of stability and robustness of model
outputs.

...taking extreme settings as inputs as ways of
checking that the model is resilient to use its
input...

[111]

Whereas many of the respondents discussed the use
of model testing to identify errors, it was suggested
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that the use of such techniques did not guarantee
that errors would be identified (a similar point was
made concerned developing expectations; see Do
the results appear reasonable?). One respondent
suggested that the model scenario may match
previously determined expectations as a result

of luck rather than as a consequence of internal
consistency within the model.

...if you can test this by a kind of univariate
type sensitive analysis approach where you're
saying I think this is going to have a huge
impact or at least if I increase this value, the
result, you know, that value should increase
rather than decrease...you may have the

right direction, seeing the right magnitude of
change, but actually purely by luck...It’s just
pure luck that there happens to be the case and
there’s some error in there.

(19]

Other examples of model tests included setting
all utility parameters to zero, adjusting transition
probabilities and assessing the impact, and setting
the parameters in each arm of the model to the
same value and checking that the results were
identical.

Simple things like if you set utility values in the

model to zero is the output of the utility zero

in each arm? If you set the data points in each

arm equal do you get an ICER of zero or not...
[14]

...when you increase one of the transitions
which you expect to reduce the utility then the
utility goes downward. So you play around with
it and make sure its pretty much behaving like
you want...

(14]

Although the majority of interviewees discussed the
techniques they adopted, one respondent adopted
a more normative stance, suggesting that the
testing model behaviour should be a standard part
of the model development process.

...every time you change something, you
should as a matter of course just check that
the ICER goes in the right direction...A new
parameter, a parameter changes or a new
variable or a new state or any of these things
get added you rerun the model, check the
ICER, did it go in the right direction...

[12]
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...what we have at the moment is a model prior
to final or full analysis being run that we are
happy with and at that point it is only really
when we are starting the final stages of the
model when you are producing results, some of
the results, especially those exploring extreme
values, that your problems become fully
apparent and then the question becomes do we
need to refine the model or is our model giving
reasonably good predictions or any biases that
we have within our model reasonable over
the plausible range of those values and only
becoming uncertain over implausible values. So
we are actually maybe trying to specify at what
points our model is going to fall over...

[18]

...you’d hope that that sort of iterative process,
the sort of extreme values would kind of dig up
the major ones...

[17]

Is the model able to
reproduce its inputs?

Testing internal validity, that is, checking that

the model can generate the inputs used to
populate it, was also discussed by participants.
This corresponds to Eddy’s second order of model
validation.*® Several respondents suggested that
they would typically use this approach as part of
the model checking process; examples included
testing incidence data and survival analysis used to
inform model parameters.

...I suppose it does depend on you know if
you have taken for example, national statistics,
cancer incidence data to go into your model
then you very much expect the incidence
coming out of it...

[111]

...we might do some kind of level of validation
in terms of...model survival curves [do they]
look anything like the data itself? And so there
would be some kind of, where it’s possible,
internal sort of validation on data inputs, and I
think that would be done on a sort of statistical
basis...

[17]

However, some participants’ views of the utility of
this method were negative, indicating that it may

be a necessary but not sufficient condition of any

model.

...internal validity means that you get out what
you put in, big deal, fine...you have to do that,
but it doesn’t get you anywhere. It doesn’t tell
you that your model is right. It only means that
what you put in — if you put rubbish in it, then
youwll get rubbish out of it. So all it, all it means
is that, you know, you’ve got the mathematics...
right...

(13]

Another respondent highlighted that there may be
instances whereby one would not expect the model
outputs to match the input data used to inform it;
however, this respondent did express a preference
for demonstrating internal consistency where
possible.

...even if you have good reasons your numbers
won’t come out exactly the same and some of
those might be overriding reasons, because
of the way you are trying to use the trial for a
particular model in a particular setting. If it’s
possible to build a model in such a way that you
can show consistency with a clinical trial then
I think you should do that. That is a useful
check...

[112]

Interestingly, one respondent suggested that testing
the internal consistency of the model did not
necessarily take place within the model itself, but
may be undertaken as part of a premodel analysis.
The perceived benefit of this approach was that it
may ensure that the data have been interpreted
correctly before their incorporation into the model.

...I'would just make sure that my survival
models and other data that I have pulled from
the trial is making sense, quite separately from
any economic decision model. Can I reproduce
these things in a way that looks right? Just to
make sure I have done the analysis correctly
and understood the results...

[112]

Can the model replicate
other data not used in its
construction?

An additional aspect of model validation discussed
by interview participants concerned the ability of
the model to replicate data that have not been used
in its construction; this corresponds to Eddy’s third
order of model validation.*® One respondent stated
that this level of model validation is rarely possible
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given issues of data scarcity and the general
principle of using all relevant evidence to inform
the model.

What does that mean — external validity? Well,
if it means accurately predicting something
from a different source, well, that’s all right,
except that most of the modelling that we do,
that I've ever done, is obliged to use every
source that’s available! Because of data scarcity.
So basically there you know, you cannot do
external validation...

[13]

The same respondent highlighted other problems
concerning the relationship between the data
used to populate the model and its relationship to
evidence collected in the future.

...when you’re on a chronic model, by the time
you get 10 years into the future, the whole
circumstances have changed, anyway. The
epidemiology’s changed, the interventions
have changed, the population’s changed,
you know, everything’s gone...if somebody
predicted it and put it in a sealed envelope, it’s
bound to be wrong. Does that mean that the
model was wrong? No, because it was talking
on the basis of what was known at the time and
the circumstances at the time...no, predictive
validation is impossible anyway. So the whole
notion of model validation is either trivial or
impossible...

[13]

One respondent highlighted that even if such
analyses were possible, time constraints may
represent a barrier for this level of validation.

...we talked about [whether] our model had
predicted the trial results but by that point you
are on another project so you've got too many
things going round your head and we’ve never
actually done it, and then it’s probably too late
to say you know that model three years ago, it’s
wrong...

[12]

Compare answers with

the answers generated by
alternative models

Interviewees also discussed comparing the de

novo model results against results from previously
published studies. However, this is likely to be
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problematic as a method of validation because
models which attempt to address similar decision
problems may have employed different structures,
assumptions and parameters. As noted by one
respondent, it may be necessary to accept that
some difference in results is to be expected;
however, the underlying cause of the difference
may not be clear.

...it’s a judgement, but you’re not expecting to
get absolutely the same result, but, you know,
the convergent validity, let’s call it that...the
differences between these models, do they,
come down to fundamental differences in
structure, differences in conceptualisation,
differences in scope, or is it the parameter
inputs? And what would obviously be
reassuring in that situation is change the
parameter inputs to suit those of the existing
models produced, you know, similar results...
(19]

...there are two levels I guess of validity, one
of which is does...your model...look kind of
reasonable in terms of what other people have
done...

(17]

One respondent suggested that this aspect of
model checking should run alongside model
development; however, there may be a danger of
becoming reliant on the structure and assumptions
of previous models (see Chapter 3, Discussion of
model development process). Indeed, the presence
of differences between models does not guarantee
that either model is ‘wrong’, rather such differences
may be explained by the modellers’ preference for
a given set of assumptions and methods.

...if somebody else has got a model of

a different answer to it, we wouldn’t
automatically say it’s an error. Because, you
know, we’ve got our own preferred set of
assumptions and ways of dealing with it...

(17]

Nonetheless, it was suggested by one respondent
that certain aspects of the model should always
follow accepted conventions and that failure to do
so limits the comparability of model results.

So the accepted convention for discounting is
that you discount after the first year in whole
numbers...so this 12 months is not discounted,
the next is discounted at 1 year and 2 years
and so on...well, you know, people will
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correctly use the correct discounting formula
from point zero, so they are discounting every
day from then onwards...it’s not technically
incorrect, but it is conventionally incorrect and
inappropriate if you are then going to make

a comparison with another study in the same
area that’s discounted in a different way. So
then your answers are then not comparable...

[13]

Peer review of models

The majority of respondents discussed internal
peer review as a common element of the model
development process representing a useful means
of identifying errors. Perhaps the principal reason
for peer review was that ‘your own mistakes are the
hardest to see’ [I14]. For example, one respondent
stated that completed models are passed to a senior
member of staff who is charged with the task of
‘breaking’ the model.

We have a process here where we have a sort of
a peer review, so we have enough experienced
staff that we could give the the draft model to
one of the other project leaders and ask them
to spend a few days kicking it about to see if
there are errors or mistakes in it...

[16]

Often, but not always, this was suggested to involve
a modeller who has not been involved in the
design or implementation of the model; however,
some respondents suggested that meetings were
held and model results presented throughout

the development process (for example, in the
supervision of junior staff).

...you might need someone external to the
modelling to find those kind of errors...
[11]

A key issue in the internal model peer review was
that the reviewer must be capable of understanding
the complexities of the model.

...you would like to think that the people
checking it are reputable and able so they will
understand the complexities that they have
put into the model whereas others might just
dismiss them...

[112]

Similarly, one respondent suggested that external
scrutiny of the model may also be seen as an ideal;

however, this may be constrained by time and
concerns regarding intellectual property and a lack
of willingness to share ideas. As a consequence, it
was suggested that internal peer review is likely to
be a viable second-best alternative:

...if there were time, you would want to send it
out to some independent expert who would go
through it all with a fine-tooth comb and tell
you everything that’s wrong with it. In practice
that doesn’t happen, it doesn’t happen because
there isn’t the time to do it, and secondly,
it doesn’t happen, because if you're doing
anything that’s genuinely original, you know,
you don’t want to run the risk of anybody else
picking up all your ideas. So, you know, there
are problems on that front. The best that you
can do is to try and expose it to somebody
probably internal, who hasn’t been involved in
the development, and let them go through it
and say, ‘Well, can you find any obvious flaws
here?” And that’s probably the best that, in
reality, we can usually do...

[13]

It was suggested that the benefits of peer review did
not lie solely in terms of identifying errors, but also
in consolidating the modeller’s own understanding
of the decision problem and the justification for the
modelling approach.

...there’s also a stage of exposing the model
at that stage to I suppose to people within the
health economics group but also outside of
that, so I think there is a, well, I think there’s a
benefit in terms of, again, just going over the
way the model’s been put together...

[19]

Several respondents highlighted the importance of
model scrutiny through peer review because of the
model’s political importance, as well as a feeling
that if the peer review failed to identify substantial
errors the modeller could be more confident that
the model was error-free.

We have had people check my...model because
that’s a huge, politically important piece of
work...

[12]

...these things are subject to severe scrutiny
and if they find something tiny well

they’ve looked through a lot...it was a pure
transcription error, I put the wrong number in
and it was picked up by the technical lead...the
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thought was if that had been checked with that
much scrutiny and that was all they could find
then there is actually a good chance that the
rest of it was correct...

[15]

However, despite the potential benefits of model
peer review, some respondents raised concerns
about the sensitivity of peer review (before
publication) in detecting model errors:

...I remain baffled as to how general reviewers
assess the quality of models without looking
at them...but how a journal can perform a
meaningful review on the basis of a three and
a half thousand word manuscript describing a
highly technical model...

[16]

We try to publish in journals with the highest
citation rating. Those are almost inevitably
clinical journals. Clinical journals use clinicians
and generally speaking the reviews for clinical
journals are the older clinicians who've

had very little direct exposure to economic
evaluation, modelling or anything. They are
pure clinicians. They don’t know what they are
reviewing...

[13]

Double checking of input
values

One commonly cited process for identifying model
errors involved double-checking model input
parameters in terms of its incorporation within
the model and cross-checking against the original
sources from which parameter value(s) were
derived, e.g. clinical trial publications. In relation
to definitions of model error, these processes
primarily concern ensuring that data have been
transcribed and linked within the model as the
modeller intended.

...we ask them to look at the accuracy of the
input data, so that’s been incorporated into the
model appropriately...

[16]

...there is a lot of checking to make sure the
data is right not just so you talked about what
the meaning of the data points are but also
make sure that the actual values are what they
should be so we step through the model and
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check, go through each data point and make
sure it’s right...
[14]

One respondent suggested that the effectiveness of
such checking activities may be constrained by time
availability and the tedium of the task.

...I mean, checking and double-checking,
really. The only way really is having the time
and the discipline to go through, crosscheck
everything you do several times...

[13]

One respondent stipulated that such checks must
involve checking confidence intervals as well as
mean input values.

It wasn’t the point estimate that had been
entered wrong it was the confidence interval
and things like that are difficult to spot...

[112]

Double-programming

The issue of ‘double-programming’ was discussed
implicitly or explicitly as a potential approach

to identifying model errors. For the purposes of
this analysis, double-programming relates to the
development of the same mathematical model

in two different platforms; a distinction should
therefore be drawn between double-programming
and the development of ‘skeleton’ models discussed
earlier (see Chapter 3). Although respondents
generally agreed the double-programming was a
valuable activity, there was variation surrounding
the extent to which double-programming was
undertaken as a standard component of the model
development process.

Perceived value of double-
programming

The potential value of double-programming
primarily concerned developing confidence in the
results of the original model; that the results should
be comparable.

...I think that is about rebuilding models. It’s
about you know, rebuilding it in a different
software package and making sure that you get
similar answers...

(17]
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Clearly, the focus here is on technical and logical
errors in the model implementation, rather than
problems in the structure of the original model;

as such the value of double-programming in
identifying errors may depend on how the second
model-build is implemented. However, one
respondent noted that if the same analyst rebuilds
the model in two different software platforms, they
are less likely to identify any errors because they
may not re-examine the structure of the model.

...building it in two platforms but that’s
effectively your double-build but the same
person building it in two platforms but I would
guess that is more prone to just using the same
data and not re-examining your logic to see
whether your logic was correct you'd just do
exactly the same, so I think that’s less likely to
solve errors...

[12]

However, one respondent highlighted that

if the second model-build was undertaken

by an individual who was not involved in the
development of the original model, then this may
highlight problems in interpretation of the decision
problem.

...[It] depends on the circumstances but one

of the things that might happen is there is an
independent rebuild either by someone you
know or outside...it’s just as a check principally
on whether you find any errors or in
interpretation as the idea is that a reasonable
person would come to a similar conclusion...

[112]

For one respondent, double-programming was
considered a standard part of model development,
whereby the model is developed using two
platforms in parallel:

...certainly at the stage of you know,
developing it on the alternative platform...
those are done with a model that you feel

reasonably confident with...
[19]

...Iwould normally do a quick development in
TrerAGE. If we're thinking of sending it off to
NICE, then we’d do it in EXcEL and, and we’d
make sure that those two versions are kept in
tandem...

[19]

Aspiration or realism?

Several respondents suggested that double-
programming was an aspirational ‘gold standard’
rather than an attainable goal.

...one of the things we don’t typically do is
replicate our models using another piece of
software and often that would be useful because
that would be another way of checking things,
so we don’t do double-programming...

(18]

One respondent highlighted that their gold
standard would involve multiple modellers
programming the model independently;

however, one may foresee problems in terms of
comparability of the resulting models (see quote
from respondent 14, Chapter 3, Use of information
in model development).

...well the real ideal is to have two people
building the model independently...well even
that is short of the ideal. You can have as many
people as you like you know...At least three
people building the model independently
would be good but...

[15]

Constraints on double-
programming

Two respondents discussed potential constraints
surrounding double-programming. In particular,
the ability to undertake such model checking
activities may be limited by cost and time. However,
one respondent suggested a relationship between
double-programming and model complexity; that
double-programming may be a viable option for
simpler models.

...I know in a lot of those guidelines they
talk about, in this verification stage they talk
about parallel development of models in other
software. We’ve never done it and I can’t see
us ever, commercially being able to do that
because you are, by definition, you're doing it
twice and you're doing it twice for a reason, to
identify whether doing it in a different software
or a slightly different approach makes a big
difference...

[110]

...if it is a big complex model it needn’t be an
aspiration you could do it but that can take a
lot of time...it’s an aspiration in some cases
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because time or complexity doesn’t allow in
other cases it’s achievable if it’s a reasonably
simple model...

[112]

Explanatory analysis
concerning methods for
preventing errors

Table 8 presents an explanatory synthesis which
attempts to link the current procedures and
techniques for identifying model errors to the
taxonomy of model error presented in Chapter 6.
The layout and interpretation of the table, and the
methods of synthesis used in its construction, are
essentially the same as that for Table 7.

Placing the findings of the
interviews in the context of
the literature on identifying
model error

The literature revealed a number of validation
techniques which have been developed in the
field of computer science. Many of the techniques
described in the literature were discussed by the
interviewees. These included: comparison of

the model with previous modelling of the same
situation, seeking face validity through asking
clinicians who have specialised in the disease
process or medical condition being investigated

to comment on the model, retrospective and
prospective predictive validation, degenerate
testing in which the value of a single parameter

is changed and the behaviour of the model is
examined to determine if it is in line with the
expected behaviour, and extreme condition testing
in which the model parameters are assigned
extreme values and the behaviour of the model is
investigated. Another process that is described in
the literature and the interviews is the process of
assigning the model fixed values that will facilitate
manual calculation of the results or interim results,
analogous to the pen and paper approach.

A number of processes were listed that were either
not discussed or discussed in different terms. These
include animation, operational graphics and trace
testing. In animation, for example the number

of patients in each health state across time might
be displayed graphically across time to determine
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whether the behaviour of the model is in line
with the expected behaviour. An example of trace
testing might involve tracking the proportion

of patients in each health state numerically
across time; the exhibited behaviour can then

be compared to determine agreement with the
expected behaviour.

The literature also describes Turing testing,

in which the ability of an expert to distinguish
between observed phenomena and output from a
simulation model is used as a test of the model’s
validity. This process was not described by the
interviewees and may have some potential for
applications in HTA modelling.

Given the overlap between the identification and
the prevention of model errors, the processes

and techniques relating to clinical involvement

in model development and model scrutiny are

not repeated here. One key point is immediately
noticeable from the interpretation of Table §; many
of the methods used to identify errors in the model
involve specific techniques (rather than processes)
that may be applied once the model is complete,
in progress or under scrutiny by a third-party.
However, the specific target of the techniques, i.e.
the types of error that the technique is intended
to identify is not always clear. Indeed, the majority
of methods do not appear to map directly to
specific error types in the taxonomy, but rather
they may be used to identify symptoms of errors,
the true source of which may relate to any point in
the taxonomy of model errors. For example, the
identification of a mismatch between actual model
results and the derivation of prior expectations
from a previous model may be suggestive of the
presence of an error within the model, yet its root
cause may be entirely unclear (there may even

be legitimate reasons for such differences). This
represents a considerable challenge in the peer
review of models. The same may be true of certain
black-box validation techniques; only the methods
which test the underlying logic of the model

can guarantee the presence of an error. In this
sense, the methods outlined in Table 8 that can be
mapped directly to specific aspects of the taxonomy
(e.g. switching model inputs between arms) are
diagnostic in nature; mismatches in model results
and expectations are indicative of the presence

of model error. Conversely, those techniques and
procedures which map to any or all points in

the taxonomy are effectively non-specific model
screening methods.
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TABLE 8 Relationship between methods for identifying errors and error types

Relationship with error taxonomy

Intervention Primary error
Interventions discussed by interviewees type Relevant error domains targets
Checking face validity of the model
Clinical review of model structure, evidence See Table 7

and results

Evaluating whether model results appear reasonable

Compare interim or final model results against Technique Any/all error domains
predetermined expectation (from previous

models, from skeleton/back of the envelope

model, from earlier version of model)

Testing model behaviour (black-box validation)

Increase efficacy of intervention — Technique Any/all error domains Any point on
effectiveness up, ICER down taxonomy
Switch inputs for two model arms — results Technique Implementation of the model 230, 240, 250
should be opposite
Functionality tests, e.g. set initial distribution Technique Any/all error domains Any point on
all to single state taxonomy
Test how model behaves at extreme values Technique Any/all error domains Any point on
taxonomy
Set utility values to zero — no QALYs Technique Implementation of the model 230, 240, 250
Adjust transition probabilities Technique Any/all error domains Any point on
taxonomy
Set same model parameters for each arm Technique Implementation of the model 230, 240, 250

Testing the internal consistency of the model

Testing the internal validity of the model — can  Technique Structure and methodology used/ 70, 80, 90, 200,
it reproduce data used as inputs, e.g. incidence use of evidence/implementation of 230, 240, 250
and survival data? the model

Testing the predictive validity of the model

Testing the ability of the model to predict data Technique Any/all error domains
not used in its construction

Peer review of models

Internal peer review by modeller responsible Process Anyl/all error domains
for building model (e.g. supervisor of junior

staff)

Internal peer review by modeller not external  Process Any/all error domains

to the process

External peer review Process Any/all error domains

Checking model input values

Check model input values from source Technique Use of evidence/implementation 130, 230, 240, 280
material of model/presentation and
understanding of results

Double-programming

Double-programming by same modeller in two Technique Structure and methodology used/ 70, 80, 90, 230,
platforms implementation of the model 240, 250
Double/triple-programming by independent Technique Any/all error domains Any point on

modelling groups taxonomy
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Chapter 8

Barriers and facilitators

The final theme concerned barriers and facilitators
to model checking. Interviewees were asked about
their views concerning barriers and facilitators to
model checking and whether model checking is
currently given sufficient priority. Respondents
engaged in broader, more detailed discussion
regarding barriers to model checking rather than
facilitators.

Barriers

Barriers to model checking activities discussed

by interviewees are summarised in Box I. The
interviewees commonly focused on resource
constraints (time constraints, people, money) and
organisational/process constraints. Two further
barriers included the perceived importance and
priority of model checking activities and modellers’
confidence in current model checking procedures.

Views concerning the nature of current barriers
to model checking varied between respondents.
Two respondents highlighted a trade-oft between
time available for developing the model and time
available for checking the model:

...if you spend all of your time doing quality
control you don’t have as much to actually
build a model.

[16]

Time was highlighted as a barrier to some of the
more aspirational model checking activities such

BOX I Summary of barriers to model checking

as double-programming, particularly for more
complex models. Two respondents also suggested
a relationship between time constraints and model
validity issues in terms of the use of an appropriate
methodology and plausible assumptions.

I've gone back and gone well why did I make
that assumption? Actually a better assumption
was this, but I've gone with an assumption
because it was easier, quicker and they need the
report tomorrow.

(12]

A second respondent also suggested that while one
may wish to explore whether more sophisticated
models would have made a difference, this is
constrained by time. Human resource constraints
were also raised by several respondents,

including availability of modellers as well as other
stakeholders within the model development
process, e.g. clinical experts providing input on
clinical practice.

You can have clinician involvement in terms

of the clinician who is removed from the client
and can offer an independent voice, not always
possible due to time constraints, it really

needs to be done quite quickly to organise the

necessary meetings, preparatory literature and
so on...

[112]

Alongside physical human resources, the
dimensions of human constraints also included

Lack of time for checking models, timing of the process and time management

Financial resources
Availability of clinical input

Tedium of model checking process

Lack of confidence in usefulness of current model checking processes

Lack of awareness of the need to check models
Lack of awareness of the need for good housekeeping
Lack of accountability for model errors

Low priority accorded to model checking activities
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the availability of sufficient levels of expertise in
scrutinising HTA models. Financial constraints
were noted explicitly by some respondents, and
implicitly by others. However, even with sufficient
financial resources, it was suggested that more
extensive model checking activities may not
identify and avoid all model errors potentially
because of the tedious nature of model checking
activities and a lack of confidence therein.

...we don’t get paid enough, the cheaper
option is to get someone else to go through it
but after they’ve been through a thousand lines
of coding and not spotted an error, do they
give up and not check the next thousand.

[14]

...1t is a matter of painstakingly going through
and seeing ‘yes, this number and this model
and where does this correspond to in the
report’, but that is not something you know — it
is not something that is not guaranteed to work
just because it is a tedious process...you are

not going to have time to go through and find
every single number.

[15]

The above statements serve to highlight some

of the gaps between the breadth of error types
presented in the taxonomy and the effectiveness
of current model checking activities to identify
and avoid these (see Tables 7 and 8). Other barriers
included developing models ‘too quickly’ and
organisational barriers such as working within
groups in which a shared understanding is not
maintained. One respondent raised a number of
less tangible barriers to model checking in which
the onus is placed on the modeller rather than the
constraints of the decision-making process. Barriers
included a lack of proper time management, a
lack of appreciation of the need to check models
to identify errors, failure to adopt housekeeping
approaches and a lack of accountability for model
€rrors.

To explore the priority allocated to model checking
activities interviewees were asked ‘if you had to
increase checking which other activities would you
drop?” and/or ‘where in the development process
would additional monies/time be allocated?’. Some
of the comments indicated that a low priority was

attached to these activities, indicating that simple
resource constraints were not necessarily the key
barrier.

I don’t think we’d drop anything. I'd spend less
time on validation...well, most of these projects
are all underfunded anyway...so, we’d probably
again apportion that money into those other
activities, and again...put less on validation.

[17]

...if we are under severe time pressure we
try to cut back on what the outputs delivered
will be, so if we were hoping to do a value of
information analysis we will chop that, if we
were hoping to do sophisticated sensitivity
analysis we would chop that, just drop blocks of
work rather than compromising the quality of
key work which is the fundamental outputs in
the model.

(14]

Facilitators

Discussion of potential facilitators to model
checking was typically brief, with few respondents
suggesting how any of the above barriers could
be ameliorated. Interviews suggested that setting
up internal processes to ensure that things are
not done in a hurry, that projects are adequately
staffed and that work is divided up appropriately
might facilitate improved error checking activities.
In contrast to the barriers to model checking,

one respondent from an Outcomes Research
organisation suggested that in his experience
clients would provide a budget for quality control;
this view was not reflected in any respondents
working within an academic setting. One
interviewee suggested the use of a time delay
within the model development process to allow
improved internal review:

If we had a 3-month delay in every project
where you handed it in...and then you came
back in 3 months to read your report and re-
examine your assumptions, your logic and
what you had written in the report, your report
would be a hell of a lot better, which is why the
peer review.

[12]
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Chapter 9

Discussion and conclusions

Strengths and weaknesses
of the study

The structure for considering the validity of
qualitative research described by Mays and

Pope** is used here to examine the strengths and
weaknesses of this study. Mays and Pope identify
the following key issues of validity: triangulation of
methods, respondent validation, transparency of
methods, reflexivity and fair dealing.

This study uses two primary sources of evidence,
interviews with HTA modellers and reviews of the
literature, this twin approach has the strength of
providing a triangulation of different research
methods, helping to ensure a complete coverage
of issues and allowing a convergent validity of the
results and conclusions to be examined.

Respondent validation was undertaken with

the HTA modellers interviewed to ensure that

the extracts from the transcripts used within

the analysis were taken within context and did

not misrepresent the views of the interviewees.
This validation was undertaken by sending the
interviewees a near final draft of the report,
including the complete interview analyses and
principle conclusions. The communication invited
both general comment on the content of the report
and specific comment on the above validity issues.
All interviewees were happy that their views had
not been misrepresented.

To ensure clarity in reporting of methods the
report has been subjected to internal peer review
from a qualitative researcher, mixed methodologist,
modellers not involved in the interviews and a
systematic reviewer.

Attention was paid in the research design to ensure
as far as possible that the research methods and
particular perspectives of the researchers did not
bias the results. Three individuals were involved in
the interviews to avoid bias associated with having a
single interviewer. Ten of the twelve interviews were
undertaken in pairs, with one lead interviewer and
one interviewer responsible for ensuring complete
coverage of the questioning and capturing of

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

loose ends raised during the interview. To ensure
congruence between the lead interviewers the
interview pilots and the first interview were
undertaken by the two lead interviewers together.
Some of the interviewees were known personally by
the interviewers, this may have affected the nature
of some of the responses. These effects may have
been positive in aiding an open communication
during the interviews, and negative in leading to
interviewers assuming the nature of some of the
interview responses.

Regarding the definition of errors, the preliminary
questioning about the full breadth of the modelling
process may have biased interviewees towards

a definition that encompassed all stages of the
process. An alternative method of questioning
would have been to commence discussion on
technical errors of implementation and let
interviewees explore the definition outward until
they defined their own boundary. However, this
approach may equally have led to an artificially
constrained definition of errors.

In the analysis the importance ascribed to
individual accounts is only partially related to their
frequency. The importance ascribed to comments is
at least potentially subject to bias arising from the
prior beliefs and prejudices of the analysts, this was
guarded against by attention to deviant cases and
by undertaking elements of the analyses in teams.

The interview sample was designed to ensure fair
representation of organisational perspectives in

the analysis. After the first draft of the descriptive
interview analysis, the authors checked the
distribution of comments used in the report across
the different interviewees. Although there was some
variation in the number of comments ascribed

to different individuals, all interviewees were
represented in the analysis. No rebalancing of the
report was therefore deemed necessary.

With regard to the review of literature on error
classifications, one potential weakness was that the
literature focused on spreadsheet and program
development rather than specifically on model
development. It is assumed that this evidence

75



76

Discussion and conclusions

is transferable to the modelling domain. It
should also be noted that the identified literature
concerning programming errors was very narrow
despite broad searches being undertaken.

The interviews focused on the process of modelling
for HTA decision-making; however, much of this
discussion focuses on generic modelling issues and
one strength of this work is the potential validity
outside its immediate domain. Perhaps the main
impact of the focus on HTA modelling is in the
area of understanding the decision problem. The
HTA modellers interviewed moved directly to a
discussion of the PICO definition of a problem
scope. When moving to different decision-making
areas, this process of defining the problem would
have to be more broadly based with an initial focus
on defining the key characteristics of the decision
problem. Thereafter, much of the modelling
discussion appears to be generic.

Current understanding of
modelling errors in the
HTA community

There is a general consensus that an important
part of the definition of what constitutes an error is
its impact on decision-making. This indicates that
a pragmatic philosophical approach is generally
taken across the HTA modelling community. Due
to the nature of the interview process it cannot be
assumed that the absence of an explicit discussion
of such a theoretical underpinning means that
individuals do not use such a framework in
informing their modelling activities.

Although the interview discussions all implied this
common pragmatic outlook, there was no common
language used in the discussion of modelling errors
and furthermore there was a somewhat inconsistent
approach to the boundaries of what constitutes an
error. For instance, when asked explicitly about the
definition of model error, there was a tendency for
participants to exclude matters of judgement from
being errors and focus on what have been termed
slips and lapses. However, discussion of slips and
lapses comprised less than 20% of the discussion on
types of errors. When considering how individual
elements of the modelling process might contribute
to flaws in decision-making, the interviewees
devoted 70% of the discussion to softer elements

of the process of defining the decision question
and conceptual modelling, mostly the realms of
judgement, skills, experience and training.

The original focus of this research, and for
consistency the terminology throughout this report,
has been in terms of errors in models. However,

in the light of the previous discussion of error
boundaries and when considering methods of
improving modelling practice and processes and
examining skills and training requirements, it may
be more useful to refer to modelling risks rather
than the more black and white term modelling
errors.

During the interviews, a number of respondents
discussed the concepts of validation and
verification. Where validation and verification

were discussed, there was a consistency among the
participants in their interpretation. Verification
was taken to mean the process of ensuring that

the computer model correctly implemented the
intended model, that is the implementation of

the model is free of errors. Validation meant

the process of ensuring that a model is fit for
purpose, some interviewees explicitly noting that
this concept might subsume verification. There

was some discussion that related to the concept of
credibility; however, this was not developed in any
formal sense. As a consequence, issues of validation
and verification are central to the discussion of
errors. Sargent*' provides a definition of overall
validity, encapsulated within Figure 2, as being
comprised of conceptual model validity, verification
of the computer model, and operational validity

of the use of the model in addressing the real
world problem. The definitions of verification

and validation provided by the interviewees are
compatible with these definitions. These definitions
are therefore recommended as the basis for further
discussion of these topics.

The qualitative analysis highlights considerable
variation in modelling practice across the

HTA modelling community. This may be in

part explained by the apparent variations in
expertise, background and experience between

the respondents. One particular area of variation
concerned the explicit demonstration of conceptual
modelling.

Although there was consensus surrounding the
definition of verification, to make this a measurable
and useful concept there needs to be an explicit
and complete description (or design specification)
of the intended or conceptual model. A common
theme in the modelling process discussion was the
absence of a fully transparent description of the
intended model (indeed for some interviewees this
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barely exists at all). So even the distinction between
verification and validation breaks down in any
practically useful sense.

The methodological literature on verification

and validation of models makes reference to

the Hermeneutic philosophical position that
recognises that objectivity is unachievable

and suggests that meaning is created through
intersubjective communication. This literature
supports the proposition that it is the interaction
between the modeller and client in developing
mutual understanding of a model that establishes
a model’s significance and its warranty.* This
position highlights that model credibility is the
central concern to decision-makers in using models
as an input to the decision-making process. This
highlights the point that the concept of model
validation should not be externalised from the
decision-makers and the decision-making process.

A taxonomy of HTA
modelling errors

The interviewees collectively demonstrated
examples of all the major error types identified

in the literature on errors in end-user developer
spreadsheet systems. Taken together, the interview
classification of modelling errors provides a basis
for developing our understanding of errors and
facilitating discussion of errors. The literature
detailing classifications of spreadsheet errors

is based around the work of two key authors,
Panko and Rajalingham. Six different versions of
classifications have been identified, each of which
struggle to present classifications that are complete
and mutually exclusive while being sufficiently rich
to be useful, the HTA error classifications similarly
struggle with these issues.

Ko explicitly identifies complex chains or networks
of errors and faults that can lead to a failure. This
layer of complexity is not explicitly discussed
either in the spreadsheet error literature or in the
HTA modelling interviews. Further development
of model errors and risks should reflect this
complexity in the relationship between errors in
models and failures in decision-making. Existing
research on the cognitive basis of human error
should be brought into the examination of
modelling errors.

To take forward any strategy for reducing errors
and improving the robustness of decision support,
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it is likely that further development of this
classification of errors will be required, specifically
with regard to considering methods for improving
the retrospective identification of errors. This is
because the taxonomy does not seek to classify
errors by symptoms.

The error category termed by Panko as ‘context
errors’ hides a multitude of different error
causes. For example, this category contains
errors associated with breakdowns in domain/
disease knowledge, modelling skills/knowledge,
programming skills’knowledge, mathematical
logic and statistical methods knowledge. All

of these represent areas of judgement where
the identification and definition of error are
problematic and may include at their most
extreme, violations of methods and processes.
This area requires specific attention when
moving towards strategies to avoid errors in HTA
modelling.

Current strategies for
avoiding errors

The qualitative analysis suggests that a range of
techniques and procedures are currently used to
avoid errors in HTA models. Importantly, there is
some degree of overlap between methods used to
identify errors and methods used to avoid errors
in models; the distinction between avoidance and
identification methods is determined by the point
at which the strategy is applied. These strategies
for error avoidance are loosely defined as either
processes or techniques; the former relate to issues
in the model development process, whereas the
latter relate to techniques of implementation.
Generally, the techniques are explicit and can be
interpreted as relating to how something should
be done, for example, implementing a specific
model layout. Conversely, the processes recognise
an unfulfilled requirement and acknowledge

that something should be done as part of model
development, yet in many cases this is not
accompanied by a clear strategy for achieving

the required goal. Current methods for avoiding
errors include engaging with clinical experts,
engaging with the client or decision-maker to
ensure mutual understanding, developing written
documentation of the proposed model, explicit
conceptual modelling, e.g. using diagrams and
sketches, stepping through skeleton models with
experts, ensuring transparency in reporting,
adopting standard housekeeping techniques, and
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ensuring that those parties involved in the model
development process have sufficient training

in relevant disciplines (e.g. health economics,
statistics, systematic reviewing), as well as ensuring
appropriate skills in model programming,

model scrutiny and general problem structuring.
Evidently, the range of strategies and approaches
for avoiding model errors is considerably broader
than housekeeping techniques alone; only one-fifth
of the strategies target the implementation and
operation of the model. The remaining four-fifths
target the conceptual validity of the model. Very
little emphasis is placed on how model results are
conveyed to users.

Clarity and mutual understanding, specifically

in the definition of the decision problem and
conceptual modelling, are identified as key issues.
Currently adopted strategies supporting these
aspects of model development are expressed as
process requirements, e.g. establishment of long-
term clinical input and iterative negotiation with
the decision-maker or client may be used to avoid
errors in the description of the decision problem.
Although a number of techniques were suggested
by the interviewees, for example, sketching

out clinical pathways, their use appears to be
partial, and the extent of their use appears to
vary considerably between individual modellers.
Hence, while there is an acknowledgement of

the importance of these methods, their current
implementation is not framed within an overall
strategy for structuring complex problems.

Current strategies for
identifying errors in HTA
models

Current methods for identifying errors in HTA
models include checking face validity, assessing
whether model results appear reasonable, black-
box testing strategies, testing internal consistency
and predictive validity, checking model input
values, double-programming and peer review.
These strategies largely relate to specific techniques
(rather than processes) that may be applied by
third-party scrutiny. However, the specific target
of the techniques, i.e. the types of error that the
technique is intended to identify, is not always
clear. Indeed, the majority of methods do not
appear to map directly to specific error types

in the taxonomy, but rather they may be used

to identify symptoms of errors, the true source of
which may relate to any point in the taxonomy of
model errors. For example, the identification of

a mismatch between actual model results and the
derivation of prior expectations from a previous
model may be suggestive of the presence of an
error, yet its root cause may be entirely unclear.
This represents a considerable challenge in the
peer review of models. The same may be true

of certain black-box validation techniques; only
the tests of the underlying logic of the model
guarantee the presence of an error. In this sense,
the methods outlined in Table 8§ which do map
directly to specific aspects of the taxonomy are
diagnostic in nature; mismatches in model results
and expectations are indicative of the presence

of model error. Those aspects which map to any
or all points in the taxonomy are effectively non-
specific model screening methods; the presence of
differences between models and prior expectations
are not necessarily the result of a model error.

Recommendations

* Published definitions of overall model validity
comprising conceptual model validation,
verification of the computer model, and
operational validity of the use of the model
in addressing the real-world problem are
consistent with the views expressed by the HTA
community and are therefore recommended
as the basis for further discussions of model
credibility.

* Discussions of model credibility should focus
on risks, including errors of implementation,
errors in matters of judgement and violations
— violations being defined as puffery, fraud or
breakdowns in operational procedures.

* Discussions of modelling risks should reflect
the potentially complex network of cognitive
breakdowns that lead to errors in models
and subsequent failures in decision support.
Existing research concerning the cognitive
basis of human error should be brought into
the examination of modelling errors.

* There is a need to develop a better
understanding of the skills requirements for
the development, operation and use of HTA
models.

* The qualitative interviews highlighted a
number of barriers to model checking.
However, it was indicated that increasing time
and resources would not necessarily improve
model checking activities without a matched
increase in their prioritisation.

* The authors take the view, as supported
within the methods literature, that it is the
interaction between the modeller and client in
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developing mutual understanding of a model
that establishes a model’s significance and its
warranty. This position highlights that model
credibility is the central concern to decision-
makers in using models. It is crucial then that
the concept of model validation should not be
externalised from the decision-makers and the
decision-making process.

Research recommendations
Verification and validation

There has been remarkably little development

in the theoretical underpinning of model
verification and validation since a European Journal
of Operational Research special issue® focused on
the topic in 1993. It was then noted that most
modellers instinctively took a pragmatic approach
to developing model credibility, operating in the

middle ground between objectivism and relativism.

This description accurately portrays the current
position in HTA modelling. Further research on
the theory of model verification and validation is
required to provide a solid foundation for (1) the
model development process and (2) the processes
for making evidence-based policy and guidance.
This research would inform how modelling is
best used in the decision-making process and
how credibility, the warranty for action, is best
developed.
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Model development process

Further research is required in the model
development process. Two specific areas were
identified:

* techniques and processes for structuring
complex HTA models, developing mutual
understanding and identifying conflicting
perceptions between stakeholders in the
decision problem

* development of the model design process
and mechanisms for reporting and specifying
models.

Errors research

Despite a large literature on modelling best
practice there is little evidence to suggest that
models are improving in reliability. Further
research is required to define, implement and
importantly evaluate modifications to the
modelling process with the aim of preventing
the occurrence of errors and improving the
identification of errors in models. Mechanisms
for using National Institute for Health Research-
funded model developments to facilitate this
research could be pursued, for example, by
providing research funding for the specification
and evaluation of enhanced modelling methods
within National Institute for Health Research-
funded studies.
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Appendix |

Avoiding and identifying errors in health
technology assessment models

Interview topic guide

Research aims to explore:

*  Definitions of model error

* Experience of model errors

* Reasons for/causes of model errors

* Perceived importance of model errors

* Interviewees” approaches to model checking

*  Perceived facilitators and barriers to model checking

* Potential ways of reducing errors in the future — what can others learn from their experience

I. Introduction
AIM: TO ENSURE THAT THE INTERVIEWEE IS AWARE OF THE PURPOSE OF THE

RESEARCH AND THE NATURE OF THE INTERVIEW.

* Introduce self and School of Health and Related Research (SCHARR).
* Explain:

— nature and purpose of research

— who the research is for

—  how the interview results will be used

— interested in views and experiences — no right or wrong answers.
* Stress confidentiality and anonymity.
* Introduce tape recorder.
* Any other issues?

2. Background
AIM: TO OBTAIN PRELIMINARY INFORMATION ABOUT THE INTERVIEWEE BUT ALSO
TO GET THEM COMFORTABLE WITH TALKING. QUESTIONS SHOULD NOT BE INTRUSIVE.

* Context and composition of research organisation.
* Their role — how do they fit it?
*  What types of modelling activities have they been involved in?
— experiences
- case studies
— methods
- software.

3. The model development process
AIM: TO ELICIT THE MODEL DEVELOPMENT PROCESS FROM THE PERSPECTIVE OF THE
INTERVIEWEE. THE SECOND INTERVIEWER SHOULD MAP VISUALLY THIS USING THE
TERMS USED BY THE INTERVIEWEE.

* Elicitation of conceptual map:

—  Where does it start/stop?
87

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.



88

Appendix |

Types of activities at each point?
Iterations?

*  Recap of elicited map by second interviewer.

4. Definition and experience of errors
AIM: TO ELICIT WHAT THE INTERVIEWEE UNDERSTANDS BY THE TERM ERROR -
TO DRAW A BOUNDARY AROUND THE TERM. WHAT ARE THE KEY FEATURES? WITH
EXAMPLES. LOOK OUT FOR USE OF ‘VALIDATION’ AND ‘VERIFICATION’.

* How would they define what a model error is?

How would they explain what an error is to someone else?
What are the features or characteristics of a model error? Intended or not
What is it that makes an error an error?

5 Types of model errors
AIM: TO IDENTIFY DIFFERENT TYPES OF ERRORS AND WHERE AND WHY THEY MAY
OCCUR WITHIN THE MODEL DEVELOPMENT PROCESS.

* Thinking back through the model development process you described earlier,
what types of model errors might arise?

incorrect calculation (logic)
incorrect programming

poorly scoped problems

failure to meet the scope

failure to meet the reference case
inappropriate assumptions
inappropriate methodology
problems in evidence review
errors in reporting/poor reporting.

* For each type, ask:

What they mean by that type of error?

Why did they arise? Were they avoidable?

When and how were they discovered?

What was done about them? Why?

What impact did they have?

Did they influence your future practice?

What are the most important types of error; reasons.

6. Current approaches to avoiding errors
AIM: TO EXPLORE INTERVIEWEE’S CURRENT APPROACHES TO AVOIDING ERRORS.

[Interviewer to define ‘checking’ to avoid framing assumptions — didn’t want to use the word validation
or verification. ‘Any activity that you embark on to ensure that the model is free from errors’]

*  You've talked about x errors and how they were discovered — I'd like to explore that a little
more systematically. What types of activities do you embark on to ensure that the model is free
from errors?

conceptual model validation, e.g. with experts

computerised model validation

good modelling practice — e.g. common approach to tabulation, including all parameters
on same sheet, not using values in formulae

data validation

external validation against other non-input data

reference to other models.
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* At what point do you embark on these checking activities?
Throughout the model development process?
— At specific stages? Which ones? By who?
— At the end of model development?
- When do you start/stop?
*  Why do you undertake this checking?
- confidence in results
— does it matter — impact on decision
— requirement of commissioner
— avoid embarrassment later.
* Ifyou find and correct an error in your model, does that make you more or less
confident that the model is now error-free?

7. Future initiatives in model checking

*  You've talked about what you currently do, what might you do in terms of checking models?
Are there any other initiatives that you’ve not covered?
— guidelines
— double-programming.

*  What do you think are the pros and cons of x?
- all models are different
— use of different software packages.

8. Barriers and facilitators to model checking
AIMS: TO EXPLORE INTERVIEWEE’S PERCEPTION OF BARRIERS AND
FACILITATORS TO MODEL CHECKING.

*  What factors affect the amount of testing and validation you are able to perform?
— time constraints
— knowledge of formal testing and validation procedures
- idiosyncrasies of model/decision problem
— lack of framework/guidelines on checking
— lack of training/skills
— what’s possible
- employing the right people.

9. Interview close
* Are there any other issues regarding errors in HTA models that we haven’t talked about
that you would like to raise but haven’t had the opportunity?
*  Offer report prior to submission to ensure no quotes taken out of context.
* Anticipated timelines.
*  Thanks.

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.






DOI: 10.3310/htal 4250

Health Technology Assessment 2010; Vol. 14: No. 25

Appendix 2

Search strategies

Scoping search

Database Search query

Computer and Information

Systems Abstracts and [TI=(error*)]

Water Resources Abstracts

Water Resources Abstracts (Au‘=Bevan)
a DE, database index term.

b TI, title field.

¢ * truncation.

d Au, author field.

Results

{[DE*= (‘modelling’)] or [TI*=(model or models)]} and (DE=‘errors’) 115

(Tl=error*) and [(DE=‘errors’) and (DE =‘model studies’)] 49

160

Search strategies to locate error avoidance and identification -

February 2008

Water Resources Abstracts via CSA

I. (DE*=‘model studies’) and (DE=‘model testing’) and
(DE=‘errors’)

2. AB*=(model structure error)

3. AB=(model structural error)

4. TI*=(GLUE‘ methodology)

5. AB=(error*e in modelling)

6. AB=(error* in modelling)

7. TI=(model error*)

8. TI=error* and AB = (artificial neural network*)
9. TI=error* and AB=(artificial neural network*)
10. TI=(error analysis)

I1. TI=(model testing)

12. TI=(model verification)

13. refsgaard.auf

DE, database index term.

AB, abstract field.

TI, title field.

GLUE, Generalized Likelihood Uncertainty Estimation.
* truncation.

au, author field.

0 oo oM

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

Results Selected

96 19
5 5
7 5 (plus one included in step 2)
8 5 (2 previously included)
3 |
2 0
9 3 (2 previously marked)
3 I (I previously marked)
2 |

56 13

25 7

26

46

91
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ACM Digital Library

I. TP=model testing
2. TI=model verification

3. TI=model error

a TI, title field

Computer and information systems abstracts via CSA

|. DE*=model studies

. TIP=model error*c

. TI=error* and TI=(modelling or modelling)
. TI=(error analysis) and TI=model*

. TI=(model testing)

o U1 AW N

. TI=(model verification)

0

DE, database index term.
TI, title field.
¢ * truncation.

o

IEEE/IET Electronic Library (IEL)

I. Model testing

2. {[(model error**<in>ti®] <and> [(assess or verif* or assurance or
valid*)<in>ab“]}

3. {[(model error*)<in>ti] <and> [(identif* or analys*)<in>ab]}
4. (model verification).ti
a * truncation.

b ti, title field.
c ab, abstract field.

Results

72
90
49

Results

32
26
173
31
13
27

Results

58
17

41
46

ANTE: abstracts in new technologies and engineering via CSA

|. Model verification.ti.?
. Model validation.ti.

. Model*® error*.ti.

AW N

. model* error*.ab.c

ti, title field.
* truncation.
c ab, abstract field.

o o

Results

10
29
5
109

Selected

13
5
0

Selected
2
15
0 scanned first 50
20
8
10

Selected

Selected
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Google Scholar

|. Spreadsheet error*:

a * truncation.

Web of Knowledge

I. Refsgaard.au.?

2. (Model verification and error*®).ti.c
3. model error correction.ti.

4. (model validation and error¥).ti.

5. (model error* and uncertainty).ti.
6. GLUE methodology.ti.

7. (model testing and error¥).ti.

a au, author field.
b * truncation.
c ti, title field.

Search strategies to locate error
classification systems - January
2009

Web of Knowledge

Topic = (program*: or spreadsheet*) AND Topic=(error¥*)
AND Topic=(taxonom*):62

Abstracts in new technologies and engineering
(ANTE)

(program* or spreadsheet*) and error* and taxonom*): 10

Computer and Information Systems Abstracts
(program* or spreadsheet*) and error* and taxonom*: 68

results

IEEE/IET Electronic Library

program* or spreadsheet* in ti® and (error¥*) in all fields and
[(taxonom™* or classif*)<in>all fields]: 40

Google Scholar
Spreadsheet error taxonom* (JC sifted results and
important relevant citations directly): 4630 results

Note: a * truncation; b ti, title field.

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

Results Selected
87 28
Results Selected
21 5
9 4
129 17
2| 6
23
9
43

Citation searches February 2009
undertaken on Google Scholar
and Web of Knowledge

Janvrin D, Morrison J. Using a structured design
approach to reduce risks in end user spreadsheet
development. Inform Manage 2000;37(1):1-12.

Panko R. What we know about spreadsheet errors. J End
User Comp 1998;10(2):15-21.

Powell SG, Baker KR, Lawson B. A critical review of the
literature on spreadsheet errors. Decision Support Systems
2008;46(1):128-38.

Purser M, Chadwick D. Does an awareness of differing
types of spreadsheet errors aid end-users in identifying
spreadsheets errors? Proceedings of European Spreadsheet
Risks International Group (EuSpRIG) 2006; pp. 185-204.

Rajalingham K, Chadwick DR, Knight B. 2001,
Classification of Spreadsheet Errors. Proceedings of

European Spreadsheet Risks International Group (EuSpRIG)
2001.

Web of Knowledge: 0 results

Google Scholar: JC sifted results and important
relevant citations directly

93
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