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Abstract
Summary:  We are developing an economic model to explore multiple topics in Australian youth mental health policy. To 
help make that model more readily transferable to other jurisdictions, we developed a software framework for authoring 
modular computational health economic models (CHEMs) (the software files that implement health economic models). We 
specified framework user requirements for: a simple programming syntax; a template CHEM module; tools for authoring new 
CHEM modules; search tools for finding existing CHEM modules; tools for supplying CHEM modules with data; reproduc-
ible analysis and reporting tools; and tools to help maintain a CHEM project website. We implemented the framework as six 
development version code libraries in the programming language R that integrate with online services for software develop-
ment and research data archiving. We used the framework to author five development version R libraries of CHEM modules 
focussed on utility mapping in youth mental health. These modules provide tools for variable validation, dataset description, 
multi-attribute instrument scoring, construction of mapping models, reporting of mapping studies and making out of sample 
predictions. We assessed these CHEM module libraries as mostly meeting transparency, reusability and updatability criteria 
that we have previously developed, but requiring more detailed documentation and unit testing of individual modules. Our 
software framework has potential value as a prototype for future tools to support the development of transferable CHEMs.
Code:  Visit https:// www. ready4- dev. com for more information about how to find, install and apply the prototype software 
framework.

Key Points for Decision Makers 

How health economic models are implemented as soft-
ware significantly shapes how easy they are to transfer to 
other decision contexts.

We have developed a software framework that can help 
implement a transparent, reusable and updatable eco-
nomic model in youth mental health.

Our framework can be a prototype for software tools that 
improve the transferability of health economic models 
more generally.
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1 Introduction

Computational models, particularly those addressing eco-
nomic topics, have become essential tools for health policy 
development [1, 2]. Although influential and widely used, 
health economic models can be skills and resource inten-
sive to develop. One suggestion for making health economic 
modelling projects more tractable is for health economists 
to re-use each other’s models [3].

Key concerns for health economists when considering 
whether to reuse a model are generalisability (applica-
tion without adaptation) and transferability (application 
of selected components and/or application with modifica-
tion) [4]. Health economic models are likely to require at 
least some modification before they can be validly applied to 
a new jurisdiction, time period or decision problem. Making 
such modifications is harder if the software files that imple-
ment the model – the computational health economic model 
(CHEM) – cannot be readily understood, used and edited.

Some of the barriers to the development of transfer-
able CHEMs could be addressed by appropriate software 
frameworks. A software framework is a shared common 
technology used by developers to collaboratively author 
software [5]. A software framework provides a foundation 
for developing multiple software applications with shared 
resources (e.g. code and data files), that can be modified 
to suit specific needs. Advantages of using software frame-
works include facilitating code reuse and extension, promot-
ing good programming practice and the capability to provide 
enhanced functionality and performance without additional 
effort by developers [6].

In this paper, we describe: 

 (i) our motivation for developing a transferable CHEM 
in youth mental health;

 (ii) a prototype software framework we have developed 
to support the development of transferable CHEMs; 
and

 (iii) how we have applied the prototype software frame-
work to undertake initial development of our youth 
mental health CHEM.

2  Motivation

We became interested in solving some of the technical barri-
ers to transferable CHEMs in 2018 when considering how to 
synthesise multiple youth mental health economic modelling 
projects in one multi-purpose model. This overarching youth 
mental health model is called readyforwhatsnext [7].

2.1  Economic Topics

We are constructing readyforwhatsnext from projects in 4 of 
the 12 domains of health economics identified by Wagstaff 
and Culyer [8]. These are:

• health and its value (our projects: models to map psycho-
logical and functional measures to health utility);

• determinants of health and ill health (our projects: mod-
els for creating synthetic household populations with risk 
and protective factors for mental disorders);

• demand for health and healthcare (our projects: spatial 
epidemiology and help-seeking choice models); and

• supply of health services (our projects: a model of pri-
mary mental healthcare services for young people).

Potential future directions for readyforwhatsnext may incor-
porate projects in two additional domains: (i) public health 
(to model the impact of selected fiscal policy and regulation 
options on young people’s mental health); and (ii) human 
resources (to model the supply and behaviours of the youth 
mental health workforce). Our ultimate aim is to flexibly 
combine model components in analyses that answer ques-
tions in a further two domains:

• efficiency and equity (our goal: assess the distributional 
impacts and identify the optimal targeting of youth men-
tal health interventions); and

• economic evaluation (our goal: assess the value for 
money and affordability of competing policy options for 
improving the mental health of young people).

2.2  Transferability

We are principally interested in using readyforwhatsnext 
to answer policy questions relating to the mental health 
of young people in Australia. Australian public mental 
health services can be planned and commissioned by the 
Australian Government, the governments of Australia’s 
state and territories and independent, regionally focussed 
organisations called Primary Health Networks. The men-
tal health of young people is a global priority [9] and 
Australia has initiated youth mental health service model 
reforms that have been adopted in other jurisdictions [10]. 
For these reasons, we aim to develop readyforwhatsnext 
in a manner that facilitates its transfer to multiple deci-
sion contexts.

However, there are ethical risks associated with each 
potential transfer, in particular the need to ensure the social 
acceptability, fitness for purpose and appropriate use of a 
CHEM in each new decision context [11]. We therefore aim 
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for readyforwhatsnext to meet six transparency, reusability 
and updatability (TRU) criteria. We have described these 
criteria and their origins in ethical modelling practice else-
where [11], but briefly they are: 

 (T1) Software files are open access;
 (T2) Developer contributions and judgments on appropriate 

use are easily identified;
 (R1) Programming practices promote selective reuse;
 (R2) Licenses permit derivative works;
 (U1) Maintenance infrastructure is in place; and
 (U6) Releases are systematically retested and deprecated.

To meet these criteria we are implementing readyfor-
whatsnext as an open source, modular model. Open source 
projects grant third parties permissions to access, use and 
modify model source code and data. A modular model is 
constructed from multiple reusable and replaceable sub-
models (modules) [12]. When undertaking analyses intended 
to inform decision making, readyforwhatsnext uses real Aus-
tralian data (which can be empirical, simulated or assump-
tion-based). To help demonstrate the potential transferability 
of readyforwhatsnext to other decision contexts, we are cre-
ating synthetic or toy datasets (“fake” data that realistically 
represent the key features of observed data, but which can 
be shared without confidentiality concerns [13]).

A high-level schematic guiding our implementation of 
readyforwhatsnext is outlined in Fig. 1. To implement this 
plan, we first developed a software framework to assist with 
general (i.e., model agnostic) tasks relating to authoring, 
management and use of CHEM modules, datasets and analy-
sis and reporting programs. We then used that framework 
to develop artefacts (e.g., variable validation tools) specific 
to the distinctive features of the readyforwhatsnext model.

3  Prototype Software Framework

To help readyforwhatsnext meet  all six TRU criteria, 
we developed a prototype software framework called 
ready4 [14].

3.1  Framework User Requirements

The framework user requirements (FURs) for ready4 evolved 
over 6 years (2018–2024) as we encountered new implemen-
tation issues for readyforwhatsnext that we needed to solve. 
Currently, these requirements are:

FUR 1: A reusable template for CHEM modules that 
can be: (i) run as independent models; (ii) safely combined, 
sharing inputs and outputs with each other without unin-
tended interference; and (iii) selectively replaced, updated 
or extended.

FUR 2: A programming syntax that promotes simplicity 
and consistency in how algorithms associated with CHEM 
modules are: (i) labelled and (ii) used in health economic 
analysis programs.

FUR 3: Module authoring tools that integrate with online 
software development services to help author CHEM mod-
ules that are: (i) created using the template module; (ii) 
written in a consistent house style; (iii) always at least mini-
mally documented; (iv) licensed for reuse; (v) bundled as R 
libraries with authorship, funding source, version number 
and digital object identifier (DOI) metadata; and (vi) quality 
assured with publicly available testing artefacts.

FUR 4: Data management tools that integrate with online 
data repository services to streamline: (i) the ingesting and 
labelling of confidential and non-confidential data and (ii) 
the sharing of non-confidential data.

Fig. 1  High-level summary 
of planned implementation of 
youth mental health economic 
model
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FUR 5: Replication and reporting tools that: help (i) 
author analysis and reporting template programs for ren-
dering HTML, Adobe PDF and Microsoft Word outputs; 
(ii) retrieve version-specific analysis and reporting template 
programs from online code repositories; and (iii) supply 
analysis and reporting template programs with study specific 
data (e.g. authorship details, input data and analysis results) 
to render custom reports.

FUR 6: Search tools to retrieve web-based information 
on a CHEM project’s: (i) model modules and tutorials; (ii) 
datasets and data collections; and (iii) replication and report-
ing template programs.

FUR 7: Documentation tools that integrate with open 
source website development and hosting infrastructure to 
help: (i) develop a CHEM project documentation website 
that consolidates content from the websites of individual 
CHEM module libraries, datasets and programs and (ii) par-
tially automate the updating of website resources such as 
tutorials and itemised lists of code and data releases.

3.2  Framework Implementation

We implemented ready4 as R [15] code libraries that inte-
grate with a number of online services. The framework is 
documented by a project website.

3.2.1  R Libraries

R libraries typically depend on other R libraries. As the 
number of dependencies of an R library grows, so does the 
fragility of that library (e.g. the library may cease to work 
as intended due to changes in one of its dependency librar-
ies). To reduce the fragility of our framework we imple-
mented it as multiple R libraries rather than one R library. 
We authored six novel R libraries to implement the ready4 
framework, all of which have distinct purposes and depend-
encies (Table 1).

To meet FUR 1, the ready4 [16] foundation library defines 
a template CHEM module using R’s S4 class system. Ben-
efits of using the S4 class system include automated verifi-
cation that data supplied to modules adhere to pre-specified 
criteria and support for object-oriented programming. Two 
notable features of object-oriented programming are encap-
sulation [17] and inheritance [17]. Encapsulation allows a 
CHEM module to bundle model data and algorithms in a 
protected environment, which is useful for helping ensure 
that CHEM modules continue to work as intended when 
combined. Inheritance allows new CHEM modules to inherit 
some or all of the properties of a parent module. Inheritance 
is useful when modifying CHEM modules, for example, to 
account for: (i) interaction effects when CHEMs are com-
bined or (ii) distinctive features of new decision contexts 
to which they are being transferred. The ready4 template Ta
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CHEM module can be used to create other CHEM modules 
that inherit a common set of properties. One of these inher-
ited properties is a novel syntax of 15 core commands [18] 
that enable CHEM module algorithms to be consistently 
named and described (meeting FUR 2). The ready4 library 
also contains tools for retrieving web-based information on 
CHEM modules, datasets and analysis programs (meeting 
FUR 6) and tools for developing and maintaining a CHEM 
project’s documentation website (meeting FUR 7).

Three module authoring libraries are designed to meet 
FUR 3. The ready4fun [19] library contains tools for writ-
ing functions in a consistent house style and automatically 
generating basic documentation for each function. The 
ready4class [20] library contains tools to help streamline 
and standardise the authoring of novel, documented CHEM 
modules from the template CHEM module. The ready-
4pack [21] library provides tools for disseminating themed 
bundles of CHEM modules as R libraries that are: docu-
mented (with a website and PDF manuals); licensed (using 
the copyleft GNU GPL-3 [22] by default); easily citable 
(citation information can be retrieved within an R session or 
from hosting repositories); and quality assured (each update 
triggers the running of any tests created by module library 
authors, with test results publicly documented).

The ready4use [23] library for managing CHEM data 
contains tools for supplying CHEM modules with input data 
ingested from local (i.e. a user’s computer) or remote (online 
repositories) locations, labelling CHEM module datasets and 
exporting CHEM module data to online repositories (meet-
ing FUR 4). The ready4show [24] library for authoring 
reproducible analysis programs and reporting subroutines 
(FUR5) contains tools to help write executables that apply 
CHEM modules to compatible datasets for the purpose of 
undertaking reproducible health economic analyses. The 
library supports the creation of analysis programs that are 
self-documenting (code is integrated with plain English 
explanations of what it does) and subroutines that can be 
used as templates that trigger the creation of explanatory 
documents (e.g. a scientific manuscript).

3.2.2  Online Services

Framework libraries are designed to be used in conjunction 
with a number of online services. The module authoring 
libraries use the GitHub [25] service’s tools for: software 
development, testing, version control and distribution; 
hosting of documentation websites; and transparent record 
keeping of collaborator contributions. Continuous inte-
gration [26] tools provided by GitHub are used to trigger 
systematic retesting of module libraries with every edit. 
Tests can be unit tests (verifying the correct output when 
small, isolated sections of code are run independently) and 

acceptance tests (verifying the correct output from multi-
ple code components are run together to meet core user-
requirements  [27]). The module authoring libraries use 
the codecov [28] service to measure and share information 
about code coverage [29]—the proportion of code that has 
been explicitly tested. The open science repository service 
Zenodo [30] is used by the module authoring libraries to 
provide persistent storage, uniquely identified with a digital 
object identifier (DOI), of each code release. The ready4use 
library uses the Dataverse [31] data repository service for 
persistent, uniquely identifiable and versioned storage of 
model input and output data. For the management of fre-
quently updated datasets that do not require persistent stor-
age, all framework libraries use GitHub.

3.2.3  Documentation Website

A project documentation website (https:// www. ready4- 
dev. com) provides guidance to model developers on how 
to use and contribute improvements to the ready4 software 
framework. Prior versions of the documentation website are 
archived and publicly accessible. The documentation web-
site was developed using the Hugo framework [32], Docsy 
theme [33] and Algolia DocSearch [34] and is hosted using 
the Netlify [35] service. We linked our Netlify account to 
our GitHub organisation so that the project website auto-
matically updates whenever its (publicly available) source 
code is edited.

4  Prototype Model Modules

Our early use of the ready4 framework has focussed on 
developing readyforwhatsnext modules for constructing, 
sharing and using utility mapping models in youth mental 
health.

4.1  Model User Requirements

The model user requirements (MURs) that we specified for 
the initial modules of readyforwhatsnext are:

MUR 1: Variable validation tools that: (i) define the 
allowable values and numeric class (integer or double preci-
sion) associated with different psychological, functional and 
health utility measures appropriate for use in youth mental 
health samples and (ii) provide an informative error mes-
sage that halts an analysis or reporting program’s execution 
should impermissible values be assigned to each measure.

MUR 2: Dataset description tools that: (i) attach struc-
tured metadata to a human records dataset that specify 
unique person identifier, group assignment and data collec-
tion round variables and (ii) generate tabular and graphical 
summaries of dataset descriptive statistics.

https://www.ready4-dev.com
https://www.ready4-dev.com
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MUR 3: Multi-attribute instrument scoring tools that: (i) 
attach structured metadata about an instrument (e.g. name, 
version, country, items, domains, parameter values for scor-
ing algorithms) to a human records dataset; (ii) apply pre-
written (for AQol-6D [36] and EQ-5D [37] instruments) 
or user-supplied instrument scoring functions to a human 
records dataset; and (iii) generate descriptive plots of a data-
set’s instrument scores for individual items, domains and 
totals (weighted and unweighted).

MUR 4: Utility mapping model construction tools 
that: (i) attach structured metadata about the target utility 
instrument and candidate predictor variables and covari-
ates to be used in constructing utility mapping models to 
a human records dataset; (ii) generate descriptive tables, 
a correlation matrix and plots about the variables to be 
assessed for inclusion in models; (iii) attach structured 
metadata about the candidate utility mapping models to be 
assessed; (iv) generate tabular and graphical summaries of 
the performance of each combination of model, predictors 
and covariates specified for evaluation by either a user or 
by a default algorithm; and (v) strip confidential records 
from the constructed models so that they are able to be 
publicly shared.

MUR 5: Utility mapping study reporting tools that: 
(i) generate from a reporting template a PDF catalogue 
summarising the predictive performance under multiple 
configurations of utility mapping models selected for pub-
lic dissemination; (ii) generate from a reporting template 
(either a pre-written default or a user-supplied customisa-
tion) a scientific manuscript summarising a utility map-
ping study; (iii) share model catalogues and (if desired) 
scientific summary along with metadata about utility 
mapping models in an open access repository; and (iv) 
facilitate the authoring of a consolidated study replication 
program that implements data ingest, instrument scoring, 
model construction, report authoring and dissemination 
of study artefacts.

MUR 6: Utility prediction tools that: (i) search open 
access repositories for utility mapping models developed 
with readyforwhatsnext; (ii) retrieve relevant metadata, 
including a link to the model catalogue for models speci-
fied by a user; (iii) apply selected utility mapping models 
to make out of sample predictions using a dataset provided 
by a user; and (iv) (where there is health utility data at two 
timepoints) convert predicted health utility scores to qual-
ity adjusted life years (QALYs).

4.2  Model Implementation

4.2.1  Online Service Configuration

We established and configured accounts with the online 
services supported by ready4. We created a GitHub 

organisation (a collection of code repositories) where 
source code that we author is stored and version controlled 
at https:// github. com/ ready4- dev/. We configured individual 
repositories in our GitHub organisation to implement con-
tinuous integration to assess the compliance of our module 
libraries with policies specified by the Comprehensive R 
Archive Network (CRAN) [38]. To facilitate the creation 
and hosting of module library websites, we enabled GitHub 
Pages in each code repository. We also created a Zenodo 
community; a collection of permanent, uniquely identified 
repositories, at https:// zenodo. org/ commu nities/ ready4/. We 
then linked our Zenodo community and GitHub organisa-
tion so that every time we specify a version of code in one 
of our GitHub repositories as a ‘release’, a copy of that code 
is automatically archived on Zenodo with a DOI. Finally, to 
manage model datasets, we created a dedicated collection 
(https:// datav erse. harva rd. edu/ datav erse/ ready4) within the 
Harvard Dataverse installation.

4.2.2  Module Libraries

We used all six ready4 framework libraries to author five 
development version readyforwhatsnext module librar-
ies (Table 2). These libraries are youthvars  [39] which 
addresses MURs 1 and 2, scorz [40] which addresses MUR 
3, specific [41] which addresses MUR 4, TTU [42] which 
addresses MUR 5 and youthu [43] which addresses MUR 6.

4.2.3  Reporting Templates

We used the ready4show library to author two reporting tem-
plates that are designed to be used in conjunction with these 
utility mapping modules. The first reporting template [44] 
is used to create a catalogue of utility mapping models. The 
second reporting template [45] can be used to generate a 
manuscript providing a scientific summary of each study 
implemented with these modules.

4.2.4  Application

We have previously described a study [46] that used these 
module libraries and reporting templates to develop and 
document utility mapping models in a sample of young 
people presenting to primary mental health services. We 
used these module libraries to write programs for repli-
cating that study’s reporting and analysis algorithm [47], 
to demonstrate how to apply the utility mapping models 
constructed in that study to new data [48] and to generate 
a synthetic representation of the study dataset [49]. We 
also created an open access study input parameters and 
results dataset [50] and toy datasets to help demonstrate 
the transferability of the study algorithm [51].

https://github.com/ready4-dev/
https://zenodo.org/communities/ready4/
https://dataverse.harvard.edu/dataverse/ready4
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4.3  Documentation Website

Using the framework website as a template, we used the 
search and documentation tools from the ready4 library to 
create and maintain a project documentation website (https:// 
ready forwh atsne xt. org/). The project website includes details 
on available model modules, datasets and analysis programs 
and tutorials on how these artefacts can be used.

4.4  Transferability Assessment

We subjectively assessed these utility mapping model arte-
facts against TRU criteria (Table 3). For each criterion, we 
provided a global assessment of whether it was met using the 
responses ‘yes’, ‘no’ or ‘partial’. We believe that our utility 
mapping study module libraries, code and data repositories 
and documentation have satisfactorily met four of the six cri-
teria (T1, R1, R2 and U1) and have partially met two criteria 
(T2 and U2). The main shortcomings we identified were that 
individual modules and functions have yet to: (i) be sup-
ported with human authored documentation that includes 
examples of how they can be used and (ii) be quality assured 
through unit testing.

5  Discussion

We have developed a software framework and used it to 
author CHEM modules that largely satisfy explicit crite-
ria for transparency, reusability and updatability. We have 
used toy data to demonstrate how these CHEM module 
libraries, originally developed for a single utility mapping 
study [46], can be applied: (i) to datasets from new samples 

with different variable names; (ii) to construct models with 
different utility instruments, predictors and covariates; and 
(iii) to develop and use both cross-sectional and longitudinal 
mapping models.

Our framework and CHEM module R libraries are cur-
rently publicly available as development releases. We plan 
to undertake a number of key improvements, such as more 
detailed documentation, comprehensive unit testing and 
streamlining dependencies, prior to submitting these librar-
ies for quality assurance and dissemination by CRAN [38].

Although designed to address challenges specific to our 
project, ready4 can be a prototype for future software frame-
works that meet the user requirements of other modelling 
teams and projects. Our prototype has a number of features 
that such future work can build on. Firstly, developing a 
software framework to work within an existing and widely 
used open source programming language such as R can keep 
framework scope relatively narrow. This makes it more trac-
table to develop, maintain and learn, and facilitates integra-
tion with other modelling tools written in that language (e.g. 
the dependency libraries we list in Tables 1 and 2). Secondly, 
a sensible trade-off needs to be found between transparent 
code implementation (which requires clear and sufficiently 
detailed documentation) and prioritising the development 
of working code over writing documentation (a foundation 
principle of Agile Software Development [52]). Our soft-
ware framework makes this trade off by enforcing the use of 
consistent code style conventions and file organisation which 
in turn enables automated generation of simple documenta-
tion at every CHEM module update.

Our framework addresses barriers to transferability 
specific to how a model is implemented as software (i.e. 
CHEMs). Health economists must also consider conceptual 

Table 2  Model module libraries for utility mapping

Library Purpose R library dependencies

youthvars Describe and validate youth mental health human 
record datasets

arsenal assertthat car cowplot dplyr ggplot2 ggpubr gridExtra here Hmisc 
hutils kableExtra knitr knitrBootstrap lifecycle lubridate magrittr MASS 
Matrix matrixcalc methods mice psych purrr ready4 ready4show ready4use 
rlang scales simstudy stats stringi stringr testthat tibble tidyselect utils

scorz Score multi-attribute instruments dplyr eq5d Hmisc hutils knitr knitrBootstrap lifecycle magrittr methods mice 
purrr ready4 ready4use rlang simstudy stats stringi stringr testthat tibble 
tidyselect youthvars

specific Construct and evaluate utility mapping models assertthat boot Boruta brms caret cowplot dataverse DescTools dplyr 
enrichwith ggalt ggfortify ggplot2 gtools here Hmisc hutils kableExtra 
knitr knitrBootstrap lifecycle magrittr MASS methods parallel psych purrr 
randomForest ready4 ready4show ready4use rlang scorz stats stringi stringr 
synthpop testthat tibble tidyr tidyselect utils viridis xfun youthvars

TTU Implement reproducible utility mapping sudies dplyr ggplot2 Hmisc knitr lifecycle magrittr methods purrr R.utils ready4 
ready4show ready4use rlang scorz specific stringr testthat utils

youthu Apply utility mapping models to out of sample data assertthat BCEA boot dataverse dplyr lifecycle lubridate magrittr MatchIt 
methods purrr ready4 ready4use rlang specific stats stringi stringr tibble 
tidyr tidyselect truncnorm utils youthvars

https://readyforwhatsnext.org/
https://readyforwhatsnext.org/
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or theoretical validity. For example, the candidate models 
currently available in our scorz library [40] were chosen 
because of their suitability for mapping to the utility instru-
ment (AQoL-6D [36]) used in the study [46] for which scorz 
was originally developed. We have identified a need to use 
alternative models for mapping to utility instruments that 
produce less continuous total score distributions [46]. Our 
software framework is designed to make such extensions 
more straightforward to implement.

Factors such as usability, active user-community and 
supporting resources influence adoption of software frame-
works [5]. To systematically address these issues for our pro-
totype would require investments in: (i) engaging the health 
economic modelling community in refining framework user 
requirements; (ii) undertaking software re-development and 
testing to meet those requirements; (iii) incorporating the 
evolving code and documentation authoring capabilities of 
large language models; (iv) the development of improved and 
more comprehensive documentation and training resources; 

and (v) proactive user-community building and support. We 
currently lack the resources to undertake these tasks.

Adequately planned, resourced and implemented software 
frameworks are potentially important enablers of improved 
health economic modelling practice. Reference models [53], 
methodological innovation to improve model transferabil-
ity [54] and the development of regularly updated CHEMs 
that can support ‘living Health Technology Assessment’ [55] 
would all be facilitated by a trusted software framework for 
implementing more transparent, reusable and updatable 
CHEMs. A future software framework for CHEMs would 
ideally incorporate a base set of features useful to developers 
of computational models across all domains of public health 
and health economics, with the capability for community-
led extensions that are tailored to the needs of modellers 
focussed on specific health-conditions. Such approaches will 
likely be important to ensure a sufficient potential user-base 
to make CHEM software frameworks sustainable.

Table 3  Assessment of a CHEM implementation in youth mental health using transparent, reusable and updatable (TRU) criteria

Criterion Met? Detail

T1 Software files are open access Yes All source code and testing procedures are available in public GitHub reposito-
ries, with each code release persistently available in a Zenodo repository. As 
the study dataset contains confidential patient records, it was not published. 
Instead, a synthetic representation of the study dataset is persistently avail-
able in a repository in the Harvard Dataverse. Data files to support out of 
sample application of models are published at the same location

T2 Developer contributions and judgements on appro-
priate use are easily identified

Partial All module libraries, programs and datasets are distributed with citation 
information. Public GitHub repositories detail author code contributions 
over project development history. Model catalogues persistently available on 
the Harvard Dataverse describe the predictive performance of models under 
multiple usage regimes. Each code library is documented with worked exam-
ples of how to apply CHEM modules. However, documentation of individual 
functions and methods are algorithm generated and need more customisa-
tion, including more examples of use. Analysis and reporting programs are 
self-documenting. Sub-routines for generating reports are documented with 
README files

R1 Programming practices promote selective reuse Yes CHEMs are written using both functional and object-oriented paradigms. Code 
library documentation websites include hypothetical examples of generalis-
ability (applying study algorithm to estimate mapping models from new data 
with the same predictor and outcome variables) and transferability (adapting 
study algorithm to develop mapping models from datasets with different pre-
dictor variables and outcomes measured with a different utility instrument)

R2 Licenses permit derivative works Yes All code is distributed using GPL-3 licenses. Datasets use an amended version 
of template terms provided by Harvard Dataverse, allowing reuse of data 
subject to some ethical restrictions (e.g. use in efforts to reidentify study 
participants is prohibited)

U1 Maintenance infrastructure is in place Yes All code is version controlled using git and GitHub, with semantic versioning. 
Each code library has a specified maintainer, and guidance for potential code 
contributors is available on the project website

U2 Releases are systematically re-tested and deprecated Partial Continuous integration is used for all code libraries, primarily for acceptance 
testing. Only limited use is made of unit testing. Retired library code is 
deprecated using tools from the lifecycle R library. Library documentation 
articles and datasets are also deprecated
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6  Conclusion

Our software framework provides a solution to some techni-
cal barriers we faced when seeking to implement a transfer-
able CHEM in youth mental health. Our framework can be 
used as a prototype for developing future software frame-
works that address the user requirements of the broader 
health economic modelling community.
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