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A B S T R A C T   

Scientific modelling is a value-laden process: the decisions involved can seldom be made using ‘scientific’ criteria 
alone, but rather draw on social and ethical values. In this paper, we draw on a body of philosophical literature to 
analyze a COVID-19 vaccination model, presenting a case study of social and ethical value judgments in health- 
oriented modelling. This case study urges us to make value judgments in health-oriented models explicit and 
interpretable by non-experts and to invite public involvement in making them.   

1. Introduction 

Scientific modelling is a value-laden process: the decisions involved 
can seldom be made using ‘scientific’ criteria alone, but rather draw on 
our social and ethical values. This has been shown in health economics 
(Harvard et al., 2020), climate science (Winsberg, 2012, 2018), and 
COVID-19 modelling, where critiques of COVID-19 models reflect dif-
ferences in values around how health policy decisions should be 
informed (Reddy, 2020; Winsberg et al., 2020). Here, we draw on 
philosophical literature to analyze a COVID-19 vaccination model 
(Adibi et al., 2021), presenting a case study of social and ethical value 
judgments in health-oriented modelling. While this case study provides 
illustrative examples, our analysis also shows that these types of value 
judgments are a fundamental, unavoidable component of model build-
ing: in other words, the COVID-19 vaccination model that we analyze is 
not uniquely value-laden, but rather a reflection of the value-ladenness of 
models generally (Harvard and Winsberg, 2021). Given the considerable 
influence of health-oriented models, as shown by COVID-19 vaccination 
models, we argue for taking greater care in managing value judgments in 
health-oriented modelling specifically. We argue in favour of making 
value judgments health-oriented models explicit and interpretable by 
non-experts, and inviting public involvement in making those value 
judgments. 

There are many rationales for public involvement in science, 

including health research, and many ways of articulating those ratio-
nales (Abelson et al., 2016; Douglas, 2005; Wale et al., 2017). According 
to Douglas (2005), many of the rationales are democratic, and focus on 
improving instrumental outcomes (e.g., acceptability of policy de-
cisions), substantive outcomes (e.g., amount of information considered 
in policy-making), or normative outcomes (e.g., democratic legitimacy 
of policy decisions) in policy-making contexts (p. 153–154). These 
democratic rationales provide strong reasons to involve members of the 
public in decision-making, but are sometimes criticized for not 
adequately justifying public involvement throughout all aspects of the 
scientific process, e.g., in the development and interpretation of 
health-oriented models as opposed to just decisions based on model 
results (Douglas, 2005, p.154). Furthermore, these democratic ratio-
nales alone do not give us much to go on when it comes time to get 
specific about public involvement in research: that is, to define and 
distinguish between different public stakeholder groups, to determine 
standards for involving them, to design procedures, and so on. 
Currently, modelling guidelines developed by the International Society 
for Pharmacoeconomics and Outcomes Research (ISPOR) recommend 
consulting with an array of “subject experts and stakeholders” (Roberts 
et al., 2012, p.680) and encourage involving “people with clinical 
expertise” in assessing model face validity (Eddy et al., 2012, p.846). 
However, as others have noted, the ISPOR recommendations are highly 
general (Husbands et al., 2018); as Squires et al. (2016) put it, “The 
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ISPOR guidance describes what modelers should do, but it does not 
describe how they might do it” (p.589). This lack of specific guidance is 
an ongoing problem: in health economics, for example, initiatives are 
underway to involve patients in modelling, but this has raised questions 
around exactly which patients should be involved, what they should do, 
and with what goals (Harvard and Werker, 2021). 

Douglas (2005) has argued that the potential instrumental, sub-
stantive, and normative benefits of public involvement in science are 
linked to an upstream process: the process of managing social and 
ethical value judgments throughout scientific inquiry. In Douglas’ view, 
the fact that value judgments are needed throughout the research pro-
cess makes public involvement in science imperative, and the over-
arching goal of public involvement should be to bring public values “into 
the heart of technical judgment” (p. 154). In our view, Douglas’ argu-
ment has both conceptual and practical pay-offs when thinking about 
health-oriented modelling. First, if we understand the goal of public 
involvement in science in terms of managing value judgments, we see a 
clear reason for public involvement throughout the modelling process, 
not just in decision-making based on model results. Second, we see a 
clear reason to involve patients and other members of the general public 
in modelling, not just clinicians and/or policymakers; that is, at least, if 
we agree that no one is better equipped to make social and ethical value 
judgments than anyone else (Douglas, 2009). This is important, as 
ISPOR guidelines seem to suggest that certain aspects of model devel-
opment should be left to experts alone— e.g., “For the [model] structure, 
important questions are whether the model includes all aspects of reality 
considered important by experts” (Eddy et al., 2012, p.846)— though 
these aspects have a social and ethical dimension, as we show in Sections 
2 and 3. Third, we get a clearer picture of where and how members of the 
public can contribute to the modelling process: we have a good idea of 
where value judgments arise in modelling and what they look like 
(Harvard and Winsberg, 2021), as we will show in Sections 2 and 3. 
Finally, if we understand the rationale for public involvement in science 
in terms of managing value judgments, we link to philosophical re-
sources to help us answer outstanding questions about public involve-
ment in modelling. These include difficult questions like ‘whose values 
should ultimately be incorporated into health-oriented models?‘, which 
we take up in Section 4. 

Public involvement in health-oriented modelling has begun, but 
early participants have described the process as “working in the dark” 
with researchers (Staniszewska et al., 2021). Our goal is to help illu-
minate where and how members of the public should be involved in 
health-oriented modelling, by spotlighting value judgments in a 
COVID-19 vaccination model we call the ‘AZ’ model (Adibi et al., 2021). 
To inform policy questions as of mid-April 2021, this model helps do two 
things: 1) compare expected total numbers of deaths from two different 
causes (COVID-19 and vaccine-induced prothrombotic immune throm-
bocytopenia (VITT)) under two different scenarios (immediately vacci-
nate front-line workers with the AstraZeneca vaccine or delay their 
vaccination) in British Columbia (BC); 2) compare individual mortality 
risk under two different scenarios (immediately receive the AZ vaccine 
or delay COVID-19 vaccination). Here, we analyze the first 
publicly-available version of the AZ model (Adibi et al., 2021), as this 
version was the subject of media attention (Wyton, 2021). 

2. Value judgments in model development: what to represent 
and how to represent it? 

During model development, value judgments occur when making 
representational decisions (Harvard and Winsberg, 2021). Decisions about 
‘what to represent’ concern what entities to include in and exclude from a 
model; decisions about ‘how to represent’ concern the entities already 
chosen for inclusion in it. For example, the decision to include ‘frontline 
workers’ in the AZ model is a ‘what to represent’ decision; the decision to 
represent ‘frontline workers’ by number of workplace contacts following 
Mulberry et al. (2021) is a ‘how to represent’ decision. In practice, 

decisions about ‘what to represent’ and ‘how to represent’ overlap: for 
example, if modellers want to include something in a model, but find 
there are no data adequate for them to achieve it, the ‘how’ influences 
the ‘what’, as we show below. Representational decisions (value judg-
ments in model development) should be distinguished from inferential 
decisions (value judgments in model interpretation) (Section 3). 

2.1. What to represent? 

Social and ethical values shape our views about what is necessary or 
important- or even acceptable-to reason about using scientific models. 
Consider three people whose views on the AZ vaccine differ: the first 
believes AZ vaccination should continue (on ethical grounds, given 
current evidence), the second that it should be halted (on ethical 
grounds, given current evidence). Only the third believes that more 
information about the AZ vaccine is required, and supports building a 
model for the purpose of reasoning about the effects of its continuation. 
A core value judgment in building the AZ model, then, is that it is an 
ethically-defensible project, one more worthwhile than (for example) 
holding a public demonstration to protest the (dis)continuation of the 
AZ vaccine roll-out. Ascribing this sort of social significance to deciding 
what to represent in models in fact applies a long-held insight: research 
questions reflect social values (Weber, 1949; Longino, 1990). One 
question to ask members of the public outright is whether building the 
AZ model is a good and worthwhile thing to do, making explicit the 
model’s intended purpose. 

Finer-grained ‘what to represent’ decisions in modelling include 
what outcomes to represent: for example, COVID-19 infections, hospi-
talizations, and deaths, cases of Long Covid, and VITT. Including these 
outcomes in the AZ model signifies an ethical judgment that these are 
the important outcomes to consider when reasoning about the AZ vac-
cine roll-out in BC— more important, for example, than costs or non- 
fatal AZ vaccine-induced adverse events, which are not represented in 
the AZ model. ‘What to represent’ decisions also concern what variables 
to include. When variables are represented (or not) in a model, it means 
that understanding their influence on outcomes is part (or not) of the 
research question. One example is the decision to represent British Co-
lumbians’ age, sex, and ‘frontline worker’ status in the AZ model, but not 
their race, income, postal code, occupation, or household size. Conse-
quently, the AZ model is not adequate for exploring research questions 
like i) the societal-level effects of structuring the AZ vaccine roll-out by 
race, income, postal code, occupation, or household size; ii) the 
individual-level effects of race, income, postal code, occupation, or 
household size on the personal harm-benefit ratio of immediate vacci-
nation with AZ versus delayed vaccination. A question for members of 
the public is whether it is good or acceptable not to explore these 
questions with the AZ model, given the model’s intended purpose. 

‘What to represent’ decisions are often informed by how or whether 
the representation of something can be achieved. For example, if there 
are no high-quality and/or local data on COVID-19 infections by race, 
this may be the reason race is not included in a model. However, this 
does not erase the social and ethical significance of building a model 
without race, for at least the following reasons: 1) modellers could use 
low-quality and/or non-local data or estimates in order to include race; 
2) modellers could decline to build the model on the grounds that no 
adequate data or estimates on race exist, and the model results would be 
problematically incomplete without race. Deciding between these types 
of alternatives involves not only considering scientific criteria (what 
philosophers call ‘epistemic values’, values that help in the attainment of 
truth (Steel, 2010, p.15)), but weighing social and ethical values (cf. 
Harvard and Winsberg, 2021; Peschard and van Fraassen, 2014; British 
Columbia’s Office of the Human Rights Commission, 2020). 

Because representational decisions determine what information a 
model will include and exclude, they have the same social significance 
as the research question. No model can serve every purpose, and 
choosing which purposes to serve and which to let go has social 
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implications. This is why to involve members of the public in ‘what to 
represent’ decisions in health-oriented modelling. 

2.2. … And how to represent it? ‘Representational decisions’ in modelling 

‘How to represent’ decisions concern entities already chosen for in-
clusion in a model (Harvard and Winsberg, 2021). Such decisions often 
centre around what inputs to use: for example, what data sources should 
be used to model probabilities of events, costs, and outcomes among 
different populations? These decisions can be challenging for modellers. 
After all, different data sources (e.g., randomized controlled trials, 
observational studies) generally have different limitations and higher 
degrees of adequacy for some purposes (e.g., representing a drug’s ef-
ficacy under controlled conditions) than others (e.g., representing a 
drug’s effectiveness under real-world conditions) (Harvard et al., 2020; 
Khosrowi, 2019a; Khosrowi and Reiss, 2019). What makes ‘how to 
represent’ decisions challenging is also what gives them their social and 
ethical significance: there is always a risk that a representational deci-
sion will be inadequate for the purpose to which it is put (Harvard and 
Winsberg, 2021). When this happens, a number of social harms can 
result, including pernicious gaps in knowledge, damage to public trust, 
and downstream endorsements of false claims (Harvard, 2020; Harvard 
and Winsberg, 2021). This ‘representational risk’ alerts us to the need 
for public involvement in making ‘how to represent’ decisions, like ones 
in developing the AZ model. 

Two related constructs that are represented in the AZ model are 
excess mortality risk due to receiving the AZ vaccine and due to delaying 
COVID-19 vaccination, respectively. ‘How to represent’ decisions arise 
for each of these. Some of them concern which inputs to use to represent 
excess mortality risk from VITT induced by the AZ vaccine. For example, 
this risk was estimated by the European Medicines Agency (EMA) at 1 in 
153,000 with a 21% chance of death (as of March 2, 2021) and by 
Canada’s National Advisory Committee on Immunization (NACI) as 1 in 
100,000 with a 40% chance of death (as of March 3, 2021) (Adibi et al., 
2021). Given the difference in these estimates, the AZ model represents 
excess mortality risk from VITT in two different ways, using EMA and 
NACI estimates, respectively (Adibi et al., 2021, Fig. 3). Another deci-
sion concerns ‘how to represent’ excess mortality risk due to delaying 
COVID-19 vaccination. The AZ model does this by representing the 
chance of both getting infected with COVID-19 over time and dying from 
the infection, taking into account a person’s age. The initial chance of 
infection is represented in part through the reproduction number (i.e., 
the average number of new infections caused by one infected individ-
ual), which is represented using three different inputs (1.15, 1.35, 1.5). 
The chance of dying from COVID-19 taking age into account is repre-
sented using COVID-19 case fatality rates by age from two different 
sources, the BC Centre for Disease Control (for people under 50) and the 
Public Health Agency of Canada (for people 50 and above). All of the 
above ‘how to represent’ decisions could be made differently— for 
example, different base values or probability distributions for VITT 
could be assumed, a larger space of reproduction number values could 
be included, a single data source could be used for case fatality rates—in 
ways that serve some model purposes better than others. 

As we noted, ‘how to represent’ decisions often overlap with ‘what to 
represent’ decisions. To see the overlap, consider more closely the 
question of ‘how to represent’ excess mortality risk due to delaying 
COVID-19 vaccination. This risk depends both on the chance of 
acquiring COVID-19 and the chance of dying from it, both of which are 
influenced by numerous individual-level variables. The question of how 
to represent this risk ultimately involves deciding which of these vari-
ables to include in the model. As Adibi et al. (2021) acknowledge in their 
discussion, their individual-level analysis was based on average rates of 
COVID-19 infection and related outcomes by age group and “the true 
risk within age groups is still heterogeneous and is affected by many 
factors including but not limited to exposure, medical history, work 
environment, and socioeconomic status” (p.10). Since the AZ model 

does not include these variables, the model is not adequate for the 
purpose of reasoning about their effect on individual-level excess mor-
tality risk. If an individual’s goal is to know about the effect of these 
variables in order to inform her individual decision around taking the AZ 
vaccine, the AZ model is not adequate for her purpose. 

There is a tendency to view representational decisions as “scientific 
judgments”, a term that has been used to describe modelling decisions 
that are a source of uncertainty (Bojke et al., 2009, p.739). This ten-
dency masks the social and ethical significance of these decisions. For 
one, representational decisions determine what information is included 
in and excluded from the model. For example, readers of Adibi et al. 
(2021) who wish to know the effect on excess mortality risk if the 
reproduction number drops below 1.15 or the VITT risk is as high as 1 in 
50,000 will not find that information. Furthermore, representational 
decisions are a source of uncertainty, at least in the sense that they 
directly influence model results—sometimes, the effect of representa-
tional decisions, like choice of parameter values, is predictable (Harvard 
et al., 2020). Consequently, representational decisions embody risk 
preferences. If individuals take the risk of VITT particularly seriously, 
and thus think the consequences of under-estimating the VITT rate 
particularly severe, that rate could be increased tenfold or more in 
sensitivity analyses, beyond those performed by Adibi et al. (2021). 
Alternatively, a “threshold analysis” could be done to identify critical 
values for VITT rate, beyond which individuals with specific risk pref-
erences would be better off delaying vaccination (Drummond et al., 
2005, 43). To be sure, there is no ‘scientific’ reason not to perform 
sensitivity analyses beyond a certain range, or not to conduct threshold 
analyses, in any context. Rather, decisions around whether and how to 
deploy these modelling techniques are moored to social and ethical 
purposes, including honouring conventional and institutional method-
ological standards. 

The view we present here reflects a well-established point in the 
philosophy of modelling: the primary virtue of scientific models is not 
truth or some univocal measure of accuracy. Rather, the primary virtue 
of models is adequacy-for-purpose and accuracy viz that purpose (Parker, 
2020). A clear consequence is that the goal of representational decisions is 
not necessarily to land on what is ‘true’, but rather on what is adequate 
for the purpose at hand (Harvard and Winsberg, 2021). Unless a model’s 
purpose is to help only modellers themselves reason about a problem, 
taking into account only the factors they deem important and consid-
ering only their risk preferences, then other stakeholders should be 
involved in making representational decisions. Excluding them will in-
crease ‘representational risk’, the risk that representational decisions 
will be inadequate for purpose and result in social harm (Harvard and 
Winsberg, 2021). 

3. Value judgments in model interpretation: what is true or 
likely? 

At the stage of model interpretation, the goal is generally to make 
inferential decisions as to truth-apt claims— claims of the sort that 
appear in the conclusions of scientific papers and media headlines. An 
example of a truth-apt claim is “The benefits of continuing immuniza-
tion of front-line workers with the AstraZeneca vaccine far outweigh the 
risk both at a societal level and at a personal risk level for those over 40, 
and those over 30 in high-risk areas” (Adibi et al., 2021, p.1). Truth-apt 
claims can also incorporate probabilities: the above claim would still be 
‘truth-apt’ if it said ‘probably outweigh’ instead of ‘far outweigh’. 

It is useful to appreciate two well-understood philosophical points 
about truth-apt claims. First, there is no ‘scientific’ way to determine the 
standard of evidence beyond which a claim is true. Rather, choosing the 
standard of evidence requires an ethical judgment, a comparative 
assessment of the ethical consequences of possible courses of action 
under uncertainty (i.e., of endorsing a claim as true when it is actually 
false, of remaining silent, etc.). This is no small ethical problem, since a 
common goal is to extrapolate claims across human populations and 

S. Harvard et al.                                                                                                                                                                                                                                



Social Science & Medicine 286 (2021) 114323

4

time periods, and the latter often differ in ways that limit our ability to 
do this (Khosrowi, 2019b). Second, many ‘true’ claims are “mixed 
claims”, claims that embed normative, i.e., value-laden, presuppositions 
(Alexandrova, 2018). Importantly, any claim that incorporates the term 
‘benefits’ is a mixed claim, since ‘benefits’ is a normative concept— for 
example, benefits do not need to be defined in terms of deaths averted, 
but could be defined in terms of quality of life achieved. Unsurprisingly, 
a recent analysis of claims in a health technology assessment found that 
the majority were ‘mixed’ (Bloemen et al., 2021). 

At the core of the ‘value-free ideal’ for science is the desire to avoid 
the problem of “wishful thinking”, to prevent us from endorsing claims 
as true just because we want them to be (Anderson, 2004). For this 
reason, the idea of involving members of the public in determining what 
is a ‘true’ claim can cause discomfort. However, this does not change the 
fact that someone has to make an ethical judgment as to the right stan-
dard of evidence for a given context, and that someone has to decide 
which mixed claims will be endorsed as ‘true’ based on model results. As 
Douglas (2005) notes “Regardless of which theoretical ideal of de-
mocracy one might hold, it is not acceptable for a minority elite to 
impose their values on the general populace” (p.156). To uphold any 
ideal of democracy, we must facilitate public involvement in model 
interpretation, with ‘public’ broadly construed. 

4. Discussion 

COVID-19 vaccination puts a particular ethical problem front and 
centre: not all health interventions that are net-beneficial at a societal 
level are net-beneficial for each member of society (Adibi et al., 2021, p. 
9). Even if it is true that the benefits of vaccinating front-line workers 
with AZ far outweigh the risk both at a societal level and at a personal 
risk level on average for British Columbians over 40, this does not mean 
that the expected benefits of the AZ vaccine outweigh the expected 
harms for every individual. Adibi et al. (2021) acknowledge this in their 
discussion, and confirm that the ‘true’ risk within age groups of delaying 
vaccination depends on numerous factors, which influence both the 
initial risk of acquiring COVID-19 and the subsequent risk of dying from 
it. Based on the current evidence, it is reasonable for certain individuals 
over 40 to conclude that their excess mortality risk from receiving the AZ 
vaccine immediately is higher than that from waiting for a different one. 
For example, individuals who work from home in regions with very low 
COVID-19 incidence (e.g., Northern British Columbia, where the 
reproduction number was estimated at between 0.93 and 1.02 in April 
2021 (British Columbia Centre for Disease Control, 2021)), and who 
consistently have few or no close contacts may come to this con-
clusion—and find it supported by the National Advisory Committee on 
Immunization’s statement of May 3, 2021 (National Advisory Commit-
tee on Immunization , 2021). Furthermore, it can be expected that some 
individuals will take factors other than excess mortality risk into account 
when deciding whether to receive the AZ vaccine, such as the higher 
rates of certain non-fatal adverse events (e.g., menorrhagia) that appear 
to be associated with it specifically (Merchant, 2021). In short, some 
people have good reasons to decline the AZ vaccine. 

This raises a moral problem, if we take it for granted, as the current 
evidence suggests we should, that more lives will be saved overall if 
fewer people decline the AZ vaccine. This problem will elicit different 
views from people with different values. Some will judge that all people 
are obliged to help protect each other from COVID-19 through vacci-
nation specifically, even if, for some individuals, it means taking on 
some increased risk of mortality— especially if the increase is small and 
similar to other risks that one faces regularly. Others will argue that no 
such obligation exists and, like most medical treatments, vaccination 
involves a personal choice. We have reason to expect that people with 
different views will make different value judgments when building 
policy-oriented models (Intemann, 2015). For example, it is reasonable 
to hypothesize that modellers with ‘utilitarian’ views would be less 
likely to include predictor variables whose influence on results might 

contribute to vaccine hesitancy among the consumers of their results. 
This hypothesis would be consistent with qualitative evidence that 
modellers’ values influence their choice of predictor variables: for 
example, health economics modellers have reported not including age 
and sex as predictor variables in cost-effectiveness analyses in order to 
prevent discrimination based on age and sex (Harvard et al., 2020, p.7). 

Although the AZ model has many unique attributes, and reflects 
dilemmas specific to COVID-19 vaccination, it is not ultimately a special 
case. Not only does all scientific modelling require making value-laden 
representational decisions (Harvard and Winsberg, 2021), but most 
health-oriented models will evoke the tension between the concept of 
‘benefit’ at the societal and individual levels, respectively. At least, all 
models “whose purpose is to inform medical decisions and 
health-related resource allocation questions” (Roberts et al., 2012, p. 
679) will evoke this tension: this includes health economic models that 
quantify both clinical and economic outcomes, but also infectious dis-
ease transmission models which exclude costs but nonetheless inform 
decision-making during epidemics (Roberts et al., 2012, p. 679). 
Representational decisions about what to include in these models, which 
Roberts et al. (2012) call “normative decision-making aids” (p. 697), are 
social and ethical decisions. 

The fact that modelling teams have control over what information is 
included in health-oriented models, and that modelling decisions are 
influenced by values, raises the tough questions of who should be 
involved in modelling and whose values should ultimately inform 
modelling decisions. So far, we have argued very generally in favour of 
public involvement in modelling, but we have not helped to answer the 
difficult questions concerning the specifics of public involvement in 
practice. In health oriented-modelling, these include questions such as 
which public stakeholder groups to involve and whether to prioritize or 
privilege input from any particular group; clinicians, policy-makers, or 
patients, or members of the general public are just some examples of 
ways of conceptualizing relevant public stakeholder groups (Roberts 
et al., 2012). It also includes questions about how to define ‘good 
practice’: for example, when involving clinicians in developing model 
structures (Husbands et al., 2018) or involving patients throughout the 
modelling process (Harvard and Werker, 2021). Initiatives to involve 
patients in modelling, in particular, have raised many questions, 
including which patients should be involved, what roles they should 
play, how to manage power dynamics in modelling teams, what vari-
ables should be considered when establishing procedures, and so on 
(Harvard and Werker, 2021). We cannot answer all of these questions 
here. However, by focusing on the ways in which public involvement in 
modelling supports the cooperative management of value judgments, we 
aim to fruitfully link health modellers to resources from philosophy of 
science that can help answer these questions over time. 

Among philosophers, there is good agreement that the best strategies 
to ensure science is as ‘objective’ and socially responsible as possible are 
to involve people with a diversity of values and in a diversity of socially- 
situated positions (Longino, 1990, 2005; Rolin, 2017; Intemann, 2017; 
Kourany, 2003). Right away, this suggests that two or three people in 
similar social situations is probably not adequate for a health-oriented 
modelling team—even before we know exactly what number of people 
or manifestation of diversity is ideal or acceptable in a modelling team, 
we can spot where improvement is necessary. Currently, ISPOR rec-
ommends involving clinicians, policymakers, and patients during model 
development (Roberts et al., 2012), but these recommendations have 
not resulted in consistent change to modelling practice; the model pre-
sented as a case study here, for example, was not developed in a formal 
collaboration with stakeholders. To whatever degree we strengthen and 
diversify modelling teams in practice, the question of whose values to 
incorporate into a model will become more difficult. Resources in social 
epistemology can point us to research questions and inform our prior-
ities. For example, -whose values and knowledge have been systemati-
cally excluded from health-oriented modelling in a way that constitutes 
an epistemic injustice (Kidd et al., 2017)? It may not be possible to 
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incorporate everyone’s values and knowledge into models right away, 
but we could start by incorporating those that have been persistently 
excluded due to racism, sexism, colonialism, and other unjust social 
structures. 

Addressing shortcomings in health-oriented modelling by struc-
turing and facilitating public involvement requires institutional-level 
initiatives. For example, Horner and Symons (2020) have argued that 
health-oriented simulations should be engineered and evaluated ac-
cording to a set of public norms—among which norms for public 
involvement are just one part— and establishing public norms cannot be 
done well by individuals. In engineering, institutions have developed 
processes for deliberating with respect to values and standards in 
safety-critical contexts (Horner and Symons, 2020). In health-oriented 
modelling, a similar process should be undertaken by institutions to 
establish analogous norms and implement the structural supports that 
will be necessary to promote real changes to modelling practice. We 
think this institutional process requires the involvement of diverse 
constituencies, with different values and different social positions, to 
advance the greater pursuit of epistemic justice (Anderson, 2012). 

Funding source and role 

Stephanie Harvard receives a Research Trainee award from the 
Michael Smith Foundation for Health Research. No other funding was 
received for this work. The funder had no role in the development of this 
commentary.. 

Credit author statement 

Stephanie Harvard: Conceptualization and Writing – original draft. 
Eric Winsberg: Writing – review & editing; John Symons: Writing – 
review & editing; Amin Adibi: Writing – review & editing. 

Acknowledgments 

The authors gratefully acknowledge Mohammad Mozafarihashjin 
and Mohsen Sadatsafavi, co-authors of the model described in this case 
study. Stephanie Harvard gratefully acknowedges support from the 
Michael Smith Foundation for Health Research. 

References 

Abelson, J., Wagner, F., DeJean, D., Boesveld, S., Gauvin, F.P., Bean, S., Axler, R., 
Petersen, S., Baidoobonso, S., Pron, G., Giacomini, M., Lavis, J., 2016. Public and 
patient involvement in Health Technology Assessment: a framework for action. Int. 
J. Technol. Assess. Health Care 32 (4), 256–264. 

Adibi, A., Mozafarihashjin, M., Sadatsafavi, M., 2021. Vaccination of front-line workers 
with the AstraZeneca COVID-19 vaccine: benefits in the face of increased risk for 
prothrombotic thrombocytopenia. Pre-print posted April 16, 2021. https://www. 
medrxiv.org/content/10.1101/2021.04.11.21255138v2. 

Alexandrova, A., 2018. Can the science of well-being be objective? Br. J. Philos. Sci. 69, 
421–445. 

Anderson, E., 2004. Uses of value judgments in science: a general argument, with lessons 
from a case study of feminist research on divorce. Hypatia 19 (1), 1–24. 

Anderson, E., 2012. Epistemic justice as a virtue of social institutions. Soc. Epistemol. 26 
(2), 163–173. 

Bloemen, B., Jansen, M., Rijke, W., Oortwijn, W., Jan van der Wilt, G., 2021. Mixed 
claims in health technology assessment: the case of non-invasive prenatal testing. 
Soc. Sci. Med. 270, 113689. 

Bojke, L., Claxton, K., Sculpher, M., Palmer, S., 2009. Characterizing structural 
uncertainty in decision analytic models: a review and application of methods. Value 
Health 12 (5), 739–749. 

British Columbia’s Office of the Human Rights Commissioner, 2020. Disaggregated 
Demographic Data Collection in British Columbia: the Grandmother Perspective. 
bchumanrights.Ca/datacollection. (Accessed 1 June 2021). 

British Columbia Centre for Disease Control, 2021. COVID-19 April data update. 
http://www.bccdc.ca/Health-Info-Site/Documents/COVID-19_April_Data_04152021 
.pdf. (Accessed 1 June 2021). 

Douglas, H., 2005. Inserting the public into science. In: Maasen, Weingart (Eds.), 
Democratization of Expertise? Exploring Novel Forms of Scientific Advice in Political 
Decision-Making. Springer, Dordrecht, the Netherlands.  

Douglas, H., 2009. Science, Policy, and the Value-free Ideal. University of Pittsburgh 
Press, Pittsburgh.  

Drummond, M.F., Sculpher, M.J., Torrance, G.W., O’Brien, B.J., Stoddart, G.L. (Eds.), 
2005. Methods for the Economic Evaluation of Health Care Programmes. Oxford 
University Press, Oxford.  

Eddy, D.M., Hollingworth, W., Caro, J.J., Tsevat, J., McDonald, K.M., Wong, J.B., 2012. 
ISPOR-SMDM modeling good research practices task force. Model transparency and 
validation: a report of the ISPOR-SMDM modeling good research practices task force- 
7. Med. Decis. Making 32 (5), 733–743. https://doi.org/10.1177/ 
0272989X12454579. 

Harvard, S., 2020. Representational Risk. Paper Accepted to Philosophy of Science 
Association Conference. Baltimore 2020/2021. http://philsci-archive.pitt. 
edu/17311/. (Accessed 1 June 2021). 

Harvard, S., Werker, G., Silva, D., 2020. Social, ethical, and other value judgments in 
health economics modelling. Soc. Sci. Med. 253, 1–9. 

Harvard, S., Werker, G., 2021. Health Economists on involving patients in modeling: 
potential benefits, harms, and variables of interest. Pharmacoeconomics. https://doi. 
org/10.1007/s40273-021-01018-5. 

Harvard, S., Winsberg, E., 2021. The epistemic risk in representation. Forthcoming in 
Kennedy Inst. Ethics J. Pre-print. http://philsci-archive.pitt.edu/18576/. 

Horner, J.K., Symons, J.F., 2020. Software engineering standards for epidemiological 
Models. Hist. Philos. Life Sci. 42, 54. https://doi.org/10.1007/s40656-020-00347-6. 

Husbands, S., Jowett, S., Barton, P., Coast, J., 2018. Understanding and identifying key 
issues with the involvement of clinicians in the development of decision-analytic 
model structures: a qualitative study. Pharmacoeconomics 36 (12), 1453–1462. 
https://doi.org/10.1007/s40273-018-0705-7. 

Intemann, K., 2015. Distinguishing between legitimate and illegitimate values in climate 
modeling. Eur. J. Philos. Sci. 5, 217–232. 

Intemann, K., 2017. Feminism, values, and the bias paradox: why value management is 
not sufficient. In: Elliott and Daniel Steel, K.C. (Ed.), Current Controversies in Values 
and Science. Routledge, New York.  

Khosrowi, D., 2019a. Trade-offs between epistemic and moral values in evidence-based 
policy. Econ. Philos. 35, 49–78. 

Khosrowi, D., 2019b. Extrapolation of causal effects – hopes, assumptions, and the 
extrapolator’s circle. J. Econ. Methodol. 26 (1), 45–58. 

Khosrowi, D., Reiss, J., 2019. Evidence-based policy: the tension between the epistemic 
and the normative. Crit. Rev. 31 (2), 179–197. 

Kidd, I.J., Medina, J., Pohlhaus, G. (Eds.), 2017. The Routledge Handbook of Epistemic 
Injustice. Routledge, New York.  

Kourany, J., 2003. A philosophy of science for the twenty-first century. Philos. Sci. 70, 
1–14. 

Longino, H.E., 1990. Science as Social Knowledge: Values and Objectivity in Scientific 
Inquiry. Princeton University Press, Princeton.  

Longino, H.E., 2005. The Fate of Knowledge. Princeton University Press, Princeton.  
Merchant, H., 2021. Thrombosis after covid-19 vaccination. BMJ 373, n958. https://doi. 

org/10.1136/bmj.n958. 
Mulberry, N., Tupper, P., Kirwin, E., McCabe, C., Colijn, C., 2021. Vaccine Rollout 

strategies: the case for vaccinating essential workers early. https://www.medrxiv.or 
g/content/10.1101/2021.02.23.21252309v1. (Accessed 1 June 2021). 

National Advisory Committee on Immunization (NACI), 2021. Summary of updated 
NACI COVID-19 vaccine statement of May 3, 2021. https://www.canada.ca/conten 
t/dam/phac-aspc/documents/services/immunization/national-advisory-commi 
ttee-on-immunization-naci/recommendations-use-covid-19-vaccines/summary-u 
pdated-statement-may-3-2021/NACI-summary-janssen-en.pdf. (Accessed 1 June 
2021). 

Parker, W.S., 2020. Model evaluation: an adequacy-for-purpose view. Philos. Sci. 87 (3), 
457–477. 

Peschard, I.F., van Fraassen, B.C., 2014. Making the abstract concrete: the role of norms 
and values in experimental modeling. Stud. Hist. Philos. Sci. 46, 3–10. 

Reddy, S.G., 2020. Population health, economics and ethics in the age of COVID-19. BMJ 
Global Health 5, e003259. 

Roberts, M., Russell, L.B., Paltiel, A.D., Chambers, M., McEwan, P., Krahn, M., 2012. 
ISPOR-SMDM modeling good research practices task force. Conceptualizing a model: 
a report of the ISPOR-SMDM modeling good research practices task force–2. Value 
Health 15 (6), 804–811. https://doi.org/10.1016/j.jval.2012.06.016. 

Rolin, K., 2017. Can social diversity Be best incorporated into science by adopting the 
social value management ideal? In: Elliott, K.C., Steel, Daniel (Eds.), Current 
Controversies in Values and Science. Routledge, New York.  

Squires, H., Chilcott, J., Akehurst, R., Burr, J., Kelly, M.P., 2016. A framework for 
developing the structure of public health economic models. Value Health 19 (5), 
588–601. https://doi.org/10.1016/j.jval.2016.02.011. 

Staniszewska, S., Hill, E.M., Grant, R., Grove, P., Porter, J., Shiri, T., Tulip, S., 
Whitehurst, J., Wright, C., Datta, S., Petrou, S., Keeling, M., 2021. Developing a 
framework for public involvement in mathematical and economic modelling: 
bringing new dynamism to vaccination policy recommendations. Patient. https:// 
doi.org/10.1007/s40271-020-00476-x. 

Steel, D., 2010. Epistemic values and the argument from inductive risk. Philos. Sci. 77, 
14–34. 

Wale, J., Scott, A.M., Hofmann, B., Garner, S., Low, E., Sansom, L., 2017. Why patients 
should be involved in health technology assessment. Int. J. Technol. Assess. Health 
Care 33, 1–4. 

Weber, M., 1949. Methodology of Social Sciences. Routledge, New York. https://doi.org/ 
10.4324/9781315124445. Published 2017 by.  

Winsberg, E., 2012. Values and uncertainties in the predictions of global climate models. 
Kennedy Inst. Ethics J. 22 (2), 111–137. https://doi.org/10.1353/ken.2012.0008. 

S. Harvard et al.                                                                                                                                                                                                                                

http://refhub.elsevier.com/S0277-9536(21)00655-9/sref4
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref4
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref4
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref4
https://www.medrxiv.org/content/10.1101/2021.04.11.21255138v2
https://www.medrxiv.org/content/10.1101/2021.04.11.21255138v2
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref1
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref1
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref2
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref2
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref3
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref3
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref7
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref7
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref7
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref8
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref8
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref8
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref6
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref6
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref6
http://www.bccdc.ca/Health-Info-Site/Documents/COVID-19_April_Data_04152021.pdf
http://www.bccdc.ca/Health-Info-Site/Documents/COVID-19_April_Data_04152021.pdf
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref10
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref10
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref10
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref11
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref11
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref12
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref12
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref12
https://doi.org/10.1177/0272989X12454579
https://doi.org/10.1177/0272989X12454579
http://philsci-archive.pitt.edu/17311/
http://philsci-archive.pitt.edu/17311/
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref15
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref15
https://doi.org/10.1007/s40273-021-01018-5
https://doi.org/10.1007/s40273-021-01018-5
http://philsci-archive.pitt.edu/18576/
https://doi.org/10.1007/s40656-020-00347-6
https://doi.org/10.1007/s40273-018-0705-7
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref20
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref20
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref21
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref21
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref21
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref22
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref22
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref23
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref23
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref24
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref24
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref25
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref25
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref26
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref26
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref27
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref27
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref28
https://doi.org/10.1136/bmj.n958
https://doi.org/10.1136/bmj.n958
https://www.medrxiv.org/content/10.1101/2021.02.23.21252309v1
https://www.medrxiv.org/content/10.1101/2021.02.23.21252309v1
https://www.canada.ca/content/dam/phac-aspc/documents/services/immunization/national-advisory-committee-on-immunization-naci/recommendations-use-covid-19-vaccines/summary-updated-statement-may-3-2021/NACI-summary-janssen-en.pdf
https://www.canada.ca/content/dam/phac-aspc/documents/services/immunization/national-advisory-committee-on-immunization-naci/recommendations-use-covid-19-vaccines/summary-updated-statement-may-3-2021/NACI-summary-janssen-en.pdf
https://www.canada.ca/content/dam/phac-aspc/documents/services/immunization/national-advisory-committee-on-immunization-naci/recommendations-use-covid-19-vaccines/summary-updated-statement-may-3-2021/NACI-summary-janssen-en.pdf
https://www.canada.ca/content/dam/phac-aspc/documents/services/immunization/national-advisory-committee-on-immunization-naci/recommendations-use-covid-19-vaccines/summary-updated-statement-may-3-2021/NACI-summary-janssen-en.pdf
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref32
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref32
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref33
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref33
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref34
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref34
https://doi.org/10.1016/j.jval.2012.06.016
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref36
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref36
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref36
https://doi.org/10.1016/j.jval.2016.02.011
https://doi.org/10.1007/s40271-020-00476-x
https://doi.org/10.1007/s40271-020-00476-x
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref39
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref39
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref40
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref40
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref40
https://doi.org/10.4324/9781315124445
https://doi.org/10.4324/9781315124445
https://doi.org/10.1353/ken.2012.0008


Social Science & Medicine 286 (2021) 114323

6

Winsberg, E., 2018. Philosophy and Climate Science. Cambridge University Press, 
Cambridge.  

Winsberg, E., Brennan, J., Surprenant, C.W., 2020. How government leaders violated 
their epistemic duties during the SARS-CoV-2 crisis. Kennedy Inst. Ethics J. 30 (3–4), 
215–242. 

Wyton, M., 2021. Vaccinate more essential workers to save lives, study finds. https://the 
tyee.ca/News/2021/04/27/Vaccinate-More-Essential-Workers-To-Save-Lives-Study- 
Finds/. (Accessed 1 June 2021). 

S. Harvard et al.                                                                                                                                                                                                                                

http://refhub.elsevier.com/S0277-9536(21)00655-9/sref43
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref43
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref44
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref44
http://refhub.elsevier.com/S0277-9536(21)00655-9/sref44
https://thetyee.ca/News/2021/04/27/Vaccinate-More-Essential-Workers-To-Save-Lives-Study-Finds/
https://thetyee.ca/News/2021/04/27/Vaccinate-More-Essential-Workers-To-Save-Lives-Study-Finds/
https://thetyee.ca/News/2021/04/27/Vaccinate-More-Essential-Workers-To-Save-Lives-Study-Finds/

