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Abstract
In the last decades, the evidence-based approach has become dominant in the bio-
medical sciences. Its influence has extended from clinical practice to other areas 
such as drug regulation and public health. Nonetheless, given the limitations of the 
evidence-based framework, a more pluralist approach towards evidence has been 
demanded. In this sense, evidential pluralism holds that evidence of mechanisms 
should complement statistical evidence. This paper aims to explore and discuss the 
prospects of evidential pluralism in public health. First, we will analyse the eviden-
tial standards of the International Agency for Research on Cancer. Those standards 
are argued to be in line with the pluralist approach. Second, we will consider the 
main challenges for gathering evidence of mechanisms in public health. For that 
purpose, diverse types of evidence of mechanisms will be identified. And third, 
we will assess the role of agent-based models as mechanistic studies. Based on a 
case study, we will discuss whether agent-based models can provide evidence of 
mechanisms and mitigate the abovementioned challenges.

Keywords  Public health · Evidence · Evidence-based medicine · IARC · 
Mechanism · Agent-based model

1  Introduction

The aim of this paper is to explore and discuss the prospects for a pluralist approach 
concerning evidence in public health. Evidential pluralism has emerged as a reac-
tion against the dominant approach for contemporary biomedical practice, that is, 
evidence-based medicine (EBM). EBM was initially applied for management and 
decisions in the clinical encounter between the patient and the physician, but soon it 
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was extended to related fields as nursing and physiotherapy, and later to public health 
(Jenicek 1997; Brownson et al. 2009, 2017).

EBM holds that biomedical decisions must be based on the best available evi-
dence. In order to avoid ineffective or harmful interventions, favouring an evidence-
based guidance seems, in principle, a sensible advice. However, this general claim 
is vacuous without further criteria to discern what should be labelled as the best 
available evidence and how to combine different sorts of evidence to inform deci-
sions. Regarding this, EBM definitely favours statistical evidence obtained through 
controlled experiments over any other sort of evidence. But in the last decades alter-
native approaches to evidence have emerged. In this sense, evidential pluralism criti-
cises the standard view and claims that evidence of mechanisms, should be judged as 
similarly reliable and useful. In this paper, we will explore the potential application 
of evidential pluralism in public health. Moreover, we will draw attention to the fact 
that computer simulations should be counted among the resources that advocates of 
evidential pluralism have at their disposal.

The paper is structured as follows. In Sect. 2, we present the main features of evi-
dence-based medicine and introduce evidential pluralism as an alternative to the stan-
dard evidence-based approach. According to pluralists, statistical evidence should be 
complemented by evidence of mechanisms. In the following sections we discuss the 
prospects of evidential pluralism in public health. In Sect. 3, the evidential standards 
of the International Agency for Research on Cancer (IARC) are scrutinized. IARC’s 
methodology is considered to be in line with the core principles of evidential plural-
ism. Subsequently, in Sect. 4, we identify and characterise diverse sorts of evidence 
of mechanisms. Based on that characterisation, we identify the main challenges for 
obtaining evidence of mechanisms in public health. In Sect. 5, we address computer 
simulations, particularly agent-based modelling. We discuss whether agent-based 
models can provide evidence of mechanisms and mitigate the challenges faced by 
evidential pluralism in public health. Finally, Sect. 6 is devoted to conclusions.

2  Public Health and Evidential Pluralism

In the 1990s, as a result of initiatives such as the founding of the Cochrane Col-
laboration, so called ‘evidence-based medicine’ emerged. The general motto for it 
is that medical practice should be guided by the best available evidence. Since this 
is a comparative claim, EBM is committed to ranking those procedures used in bio-
medical sciences for obtaining evidence. Particularly, and according to its original 
definition, “Evidence-based medicine de-emphasizes intuition, unsystematic clini-
cal experience, and pathophysiological rationale as sufficient grounds for clinical 
decision making and stresses the examination of evidence from clinical research.” 
(Guyatt et al. 1992).1

1  For a discussion of this definition, see (Howick 2011; Sect. 2.3).

1 3

   25   Page 2 of 21



Global Philosophy           (2024) 34:25 

The EBM approach is, then, committed to an evidential hierarchy.2 It is usually 
depicted with a pyramid shape (see Fig.  1). Different methods and strategies are 
ranked, supposedly, in terms of their ability to avoid biases and provide reliable infer-
ences from the evidence obtained through them. At the top of the hierarchy are meta-
analyses and randomized controlled trials (RCTs). Just below them are observational 
studies at the population level, such as cohort studies, and then, case-control studies 
(i.e., prospective and retrospective studies, respectively). Finally, basic research (e.g., 
in-vitro studies, animal trials, and mechanism-based reasoning) and medical exper-
tise are confined in the bottom levels.

The EBM hierarchy offers a guiding framework for discerning causal relations in 
a systematic way. This sort of research “does not rely directly on how the interven-
tion might produce an outcome, and instead involves directly observing the putative 
outcome relative to the putative outcome produced by a control treatment.” (Howick 
2011, p. 16). The general procedure is, then, discerning causal relations from spuri-
ous correlations in line with standard experimental designs. EBM favours statistical 
evidence above any other sorts of evidence and, particularly, that statistical evidence 
obtained by combining randomization and comparison between the experimental and 
the control group.

However, insofar as medical decisions are based, partly at least, on our causal 
knowledge, EBM is concerned not only about inference but also about decision. It 
can be used, and indeed it is routinely used, to inform policy-making. For instance, 
the EBM-hierarchy provides rules to set specific requirements for commercialization 
of drugs. The alleged effectiveness of the chemical compound should be supported 
by evidence obtained at the top levels of the hierarchy.3

Public health is, in fact, a further field where demands for grounding decisions 
on evidence provided by experimental research have been levered. As it is claimed 
by Mercury and Upshur (2022, p. 147), even though “the concern that drove the 
demand for EBM also drove the demand for EBPH [Evidence-based Public Health]” 

2  Some well-known characterisations are the GRADE rating for the quality of evidence (Guyatt et al. 
2011) and the classification of levels of evidence from the Oxford Centre for Evidence-Based Medicine 
(OCEBM Levels of Evidence Working Group 2011).
3  Both the FDA (Food and Drug Administration) and the EMA (European Medicine Agency) appeal to 
clinical trials and take for granted the evidential hierarchy defended by EBM.

Fig. 1  Levels of evidence according to 
“The Oxford 2011 Levels of Evidence” 
(OCEBM Levels of Evidence Working 
Group 2011)
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they are distinct in both scope and practice. Public health is not primarily interested 
in care of individuals. Rather it endorses a social perspective since typical interven-
tions (disease prevention, hygiene…) in public health are evaluated by taking into 
account their global impact in the community. The crucial question here is antici-
pating their effects on a target population. Consequently, decisions in public health 
usually involve governmental agencies. Besides, they are constrained by a wide array 
of factors, not only medical ones, but also economic, ethical, political… Think, for 
instance, of the mandatory use of masks to restrain the spread of COVID-19.4

Nonetheless, the evidence-based approach and its application in public health 
have also raised concerns. The idea that RCTs and studies based on them are the 
most reliable sources of evidence has been contested by claiming that, after all, those 
strategies could not be so reliable concerning detection of causal links (Worrall 2007; 
Cartwright and Munro 2010; Stegenga 2011). When designing the experiment an 
exhaustive list of potential confounding factors may be difficult to get in advance. 
This can make it difficult to determine the size of the effect attributed to the alleged 
cause (Kincaid 2012). Furthermore, meta-analyses do not always give an unequivo-
cal verdict because different (extensive and careful) RCTs may afford different 
conclusions. In fact, although a causal relationship is confidently established in the 
experimental population, extrapolation to the target population, that is, to the real 
population outside the lab, may be risky (Victora et al. 2004). The expected effects 
found in the experimental population may be severely distorted by uncontrolled 
operating factors in the target population. In other words, even though the external 
validity of a clinical trial is what really matters in medical practice, sometimes it can 
hardly be anticipated from its internal validity.

Moreover, in the context of evidence-based policy, RCTs are usually unavailable or 
inadequate for establishing causal claims (Pérez-González 2024).5 First, many ques-
tions relevant for policy-makers cannot be addressed by means of RCTs. There are 
interventions that cannot be tested experimentally, e.g., national-level food withdraw 
(Khosrowi and Reiss 2019). Furthermore, RCTs are usually focused on the average 
effect and provide little information about the distribution of the effect (Gamoran 
2018). Second, when units of interventions are communities (e.g., schools), it is very 
challenging to design and conduct RCTs. Randomisation is unlikely to result in bal-
anced intervention and control groups. Finally, it may be unethical to test certain 
interventions by means of RCTs (Barrett and Carter 2010). For instance, conducting 
RCTs about the negative effects of alcohol abuse would be considered unethical.

In response to those limitations of the evidence-based approach, several authors 
have called for a broader approach towards evidence (Clarke et al. 2014; Gillies 
2018; Anjum et al. 2020). Regarding public health, it has been argued that evidential 
pluralism should be adopted (Parkkinen et al. 2018; Russo 2022). Evidential plural-
ism claims that both statistical evidence and evidence of mechanisms are crucial for 
addressing causality in the health sciences (Russo and Williamson 2007; Clarke et 

4  On the general difficulties for making decisions in public health contexts see (Norris et al. 2019).
5  In the decision-making process, there are also non-empirical uncertainties (Ongaro and Andreoletti 
2022). For instance, decision-makers are often unsure about the desirability of alternative interventions. 
Those uncertainties are not entirely reducible to the absence of information or evidence.
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al. 2014; Williamson 2019a). The theoretical basis of evidential pluralism is sum-
marised in the Russo-Williamson Thesis (Russo and Williamson 2007). According 
to this epistemological thesis, both evidence of correlations and evidence of mecha-
nisms are normally needed to establish a causal claim in medicine. Current evidential 
pluralism, nonetheless, maintains that both kinds of evidence are also required for 
extrapolating causal claims to target populations or individuals (see, for instance, 
Williamson 2019a).

The main reason in favour of evidential pluralism is that evidence of correlations 
and evidence of mechanisms complement each other (Clarke et al. 2014; Williamson 
2019a). Evidential pluralists argue, then, that evidence of mechanisms can address 
and mitigate the main limitations of evidence of correlations and vice versa.

Evidential pluralism can be illustrated by the well-known debate about the causal 
connection between smoking and lung cancer. Since the 1950s, strong correlational 
evidence linking smoking and lung cancer was available (Proctor 2012). This evi-
dence was provided by diverse methods such as population studies and animal exper-
imentation. Nonetheless, the causal link between smoking and lung cancer was still 
contested. It was argued that the established correlation might be non-causal and 
that alternative explanations should be sought. For example, Fisher (1957) famously 
argued that there may be a gene that both caused some people to smoke cigarettes and 
made them more likely to develop lung cancer. In the 1990s, the mechanisms through 
which tobacco causes lung cancer was discovered (Proctor 2001). This complemen-
tary evidence of mechanisms was crucial to dismiss alternative interpretations of 
the correlation and establish a strong causal relationship between smoking and lung 
cancer.

In sum, given the limitations of RCTs and other methods privileged by hierarchies 
of evidence, evidential pluralism has been proposed as an alternative to the standard 
evidence-based approach. Evidential pluralism holds, rather, that statistical evidence 
and evidence of mechanisms somehow complement each other. Therefore both are 
crucial for addressing causality in the health sciences. In the following sections we 
will discuss the application of evidential pluralism in public health.

3  Evidential Pluralism Put into Practice: The IARC Case

Advocates of evidential pluralism have proposed it as a useful framework to assess 
evidential bases and establish causal claims in public health (Parkkinen et al. 2018; 
Russo 2022). Nonetheless, they acknowledge that “further work should tailor evi-
dential pluralism to the specific needs of PH [Public Health]” (Russo 2022, p. 106) 
since there are relevant divergences between public health and medicine. When con-
sidering the application of evidential pluralism to public health, evidential pluralists 
often refer to the International Agency for Research on Cancer (Leuridan and Weber 
2011; Parkkinen et al. 2018; Williamson 2019b). They argue that IARC methodology 
embraces the general principles of evidential pluralism. In this sense, it would pro-
vide a valuable guideline for implementing those principles in public health.

IARC has been engaged for decades in the evaluation of agents suspected of caus-
ing cancer. Panels of experts appointed by IARC make a systematic review of extant 

1 3

Page 5 of 21     25 



Global Philosophy           (2024) 34:25 

studies, that is, an assessment of the available evidence, and are expected to reach a 
verdict on the carcinogenic nature of the substance in question. Results are published 
as open access monographs since 1972.

According to IARC, evaluation of suspicious agents should follow a standardised 
procedure for assessing the available evidence. Initially, the reports surveyed epide-
miological studies about humans and experimental research with laboratory animals. 
Since results of randomized trials could rarely be obtained, evidence on humans was 
basically gathered from cohort studies, case-control studies, correlation studies, and 
case-studies. And they were ranked according to the EBM hierarchy (see Fig. 1):

The uncertainties surrounding interpretation of case reports and correlation 
studies make them inadequate, except in rare instances, to form the sole basis 
for inferring a causal relationship. When taken together with case-control and 
cohort studies, however, relevant case reports or correlation studies may add 
materially to the judgement that a causal relationship is present. (IARC 1990, 
pp. 21–22)

Concerning evidence about mechanisms, IARC monographies maintained a rather 
strict positioning until 1991, as can be read on the “Preamble” included in volume 50:

In the present state of knowledge, the aim of the Monographs is to evaluate evi-
dence of carcinogenicity at any stage in the carcinogenic process independently 
of the underlying mechanism involved. There is as yet insufficient information 
to implement classification according to mechanisms of action. Definitive evi-
dence of carcinogenicity in humans can be provided only by epidemiological 
studies. Evidence relevant to human carcinogenicity may also be provided by 
experimental studies of carcinogenicity in animaIs and by other biological data, 
particularly those relating to humans. (IARC 1990, p. 6; our emphasis)

It is widely accepted, however, that there are important difficulties for gathering reli-
able statistical evidence in this context. RCTs are usually ruled out for moral reasons. 
Moreover, in many cases, there is a long period (even decades) between exposure 
to the supposedly harmful agent and the development of the disease. Cohort stud-
ies, unfortunately, do not usually extend for such a long time. Supporting a negative 
verdict, consequently, is complicated since “latency periods substantially shorter than 
about 30 years cannot provide evidence of lack of carcinogenicity” (IARC 2024, p. 
25). Although these limitations cannot be considered intrinsic to the standard statisti-
cal methodology, since they depend rather on the particularities of the effect studied 
(cancer in humans caused by exposure to certain agents), they encourage the search 
for complementary sources of evidence.

The fact is that since 1992 the IARC procedure gradually tried to integrate evi-
dence of mechanisms. Changes implemented in the “Preamble” included in the 
monographs reflect this turn. After volume 54, published in 1992, a short subsection 
on “Inferences about mechanism of action” was included in the section devoted to 
“Evidence for Carcinogenicity in Humans”. This subsection changed into a separate 
section, entitled “Other Data Relevant to an Evaluation of Carcinogenicity and its 
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Mechanisms”, appended for the first time in volume 86, published in 2006. Sub-
sequently, this section evolved to its present form. It is worth noticing that IARC’s 
concern now is not so much the inferential status of mechanisms, which could 
explain those misgivings in the eighties and nineties, as the proper epistemic value 
of evidence about mechanisms. Thus, we find a section entitled “Mechanistic and 
other relevant data” in the Preamble of volume 116 (2018), which was renamed as 
“Mechanistic evidence” since monograph 124 (IARC 2020). This section still stands 
in the latest monograph published in 2024 (volume 134) and that would be our main 
reference in what follows.

But, how does IARC incorporate evidence of mechanisms in verdicts of carcino-
genity at present? How do experts weight the relative value of different sources of 
evidence?

It is worth emphasizing that, in contrast to what happens with statistical evidence, 
there is no principled corpus of standardized procedures for gathering, analysing, 
and evaluating evidence of mechanisms. In addition to this, carcinogenic agents may 
cause cancer through multiple mechanisms. Searching for evidence of mechanisms 
brings its own problems, but the way in which IARC deals with them is instructive.

To begin with, the IARC procedure points at different sorts of evidence of mecha-
nisms. First of all, information about how the agent is incorporated in the organism 
(i.e., absorption, distribution, metabolism, and excretion of the agent) is scrutinized. 
Identifying the metabolites involved and their chemical reactivity is useful to track 
the metabolic pathways and products. Given that confirming carcinogenicity requires 
further evidence about potential or actual damages, additional evidence of mecha-
nisms is evaluated:

(a)	 Evidence that the agent belongs, based on mechanistic considerations, to a class 
of agents for which one or more members have been classified as carcinogenic or 
probably carcinogenic to humans.

(b)	 Evidence that the agent exhibits “key characteristics” of carcinogens in different 
targets (exposed humans, human primary cells/tissues, or experimental systems).

(c)	 Evidence that the mechanism of carcinogenicity operating in experimental ani-
mals does not operate in humans.

Notice that (a) and (c) could properly be deemed to be indirect evidence of mecha-
nisms since both are exclusively based on analogies. Thus, the former is grounded 
on analogies between agents (e.g., chemical compounds) and the latter on the anal-
ogy animal/human. But IARC’s strategy also takes into account direct evidence of 
mechanisms for carcinogenicity through (b), that is, by detecting key characteristics. 
The set of key characteristics includes ten general properties regularly associated 
with those agents previously classified as carcinogenic by IARC—although it is not 
required that carcinogenic agents exhibit them all. Examples of key characteristics 
are “induces epigenetic alterations”, “is immunosuppresive”, and “alters cell pro-
liferation, cell death or nutrient supply”. The evidential relevance of detecting key 
characteristics varies depending on the targets where they are found. Detecting them 
in exposed humans should be assigned more importance than detecting them just in 
experimental systems.

1 3
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But why this detour through key characteristics? Actually, they are distinct from 
the hypothesized mechanistic pathways which describe a particular sequence of 
biological events postulated to occur during carcinogenesis. Focusing on the latter 
would be a very narrow perspective. Key characteristics, in contrast, implement a 
more general description for the agent’s carcinogenic properties. Furthermore, key 
characteristics are not a set of necessary/sufficient conditions for positive carcinoge-
nicity verdicts. It is not explicitly stated that there is a minimum number of them to 
give a verdict of carcinogenicity. And, of course, the list could change as new human 
carcinogens are identified.

Once it is acknowledged that evidence about mechanisms is relevant and that 
there are several routes for obtaining it, two questions are still pending. Firstly, a 
quality standard for evidence of mechanisms is demanded. The answer with respect 
to statistical evidence is clear. Remember that EBM’s hierarchy provides a quality 
graded standard for statistical evidence. Correspondingly, criteria for discerning bet-
ter/worse bits of evidence of mechanisms are required to reach reliable verdicts about 
carcinogenicity. The second question is how to combine both sorts of evidence (i.e., 
statistical and mechanistic). What to do, for instance, if one of them tentatively points 
at a positive carcinogenicity verdict while the other is silent or non-conclusive at all? 
What is the relative weight that should be assigned to each one?

In IARC evaluations, the quality of the various types of evidence is separately 
and qualitatively evaluated. Statistical evidence, which may be on humans and also 
on animals, can be categorized as sufficient, limited, inadequate or contrary (that is, 
evidence suggesting lack of carcinogenicity). Evidence of mechanisms, on the other 
hand, is identified as strong, limited or inadequate. Strong mechanistic evidence does 
not require evidence from the three sources―(a), (b) and (c)―aforementioned. In 
principle, it could be obtained through any of these routes. After each sort of evidence 
is assessed, there is a further evaluation stage that consists in a decision table with 
takes all possible combinations as input, and which issues as output the verdict on the 
carcinogenic nature of the agent:

Now, could we affirm that the IARC procedure puts into practice evidential plu-
ralism? A closer look at Table 1 is compulsory before answering to this question. 
According to the table:

	● When statistical evidence in humans is considered sufficient, that alone is enough 
to conclude that the agent is carcinogenic, without any further qualification (line 
1). In contrast, strong evidence of mechanisms is not enough by itself to infer 
that the agent is carcinogenic, since additional sufficient statistical evidence is 
required, if not obtained with humans, at least that obtained with animals (line 2).

	● Evidence of mechanisms sometimes may be crucial to conclusively establish that 
an agent is carcinogenic (particularly in combination with evidence in animals; 
line 2).

	● For non-conclusive verdicts (e.g., groups 2A, 2B and 3), strong evidence of 
mechanisms is less determinative than statistical evidence labelled as inadequate 
or less than sufficient. Even though there is strong mechanistic evidence in favour 
of the carcinogenic nature of the agent, the agent is not classified as such. It could 
even be classified as just possibly carcinogenic (see lines 8, 9 and 10).
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Summing up, IARC evidential policy accepts that evidence of mechanisms should be 
taken into account along with statistical evidence and that it is not always worse than 
statistical evidence. It is also acknowledged that sometimes evidence of mechanisms 
can be crucial to modulate the verdict. A literal application of the EBM hierarchy is, 
then, ruled out.

Still, IARC evidential policy undeniably gives some priority to statistical evidence. 
For instance, concerning a crucial category as Group 1—i.e., “carcinogenic”—, evi-
dence of mechanisms is not necessary to get a conclusive result, while statistical 
evidence in humans is indispensable. Consequently, IARC guidelines hardly fulfil 
the Russo-Williamson thesis. Besides, when both sorts of evidence collide, statis-
tical evidence is the decisive factor to favour one or other verdict. See line 9, for 
instance, where after finding key characteristics in exposed humans, cell tissues and 
experimental animals, the verdict is just “possibly carcinogenic”. The fact is that the 
relative weight given to statistical evidence is greater than that given to evidence of 
mechanisms. The former sometimes is sufficient; the latter never is. And the strongest 
positive verdict can be obtained without any support at all in terms of evidence of 
mechanisms.6

6  For a different view on this issue―i.e., to what extent the latest version of the IARC monographs’ pre-
amble accommodates evidence of mechanisms―, see (Williamson 2019b).

Table 1  Integration of streams of evidence in reaching overall classifications (the evidence in bold italics 
represents the basis of the overall evaluation) (IARC 2024, p. 36)
Stream of evidence Classification 

based on strength 
of evidence

Evidence of cancer in 
humans

Evidence of cancer 
in experimental 
animals

Mechanistic evidence

Sufficient Not necessary Not necessary Carcinogenic 
to humans 
(Group 1)

Limited or Inadequate Sufficient Strong (b)(1) (exposed humans)

Limited Sufficient Strong (b)(2–3), Limited, or 
Inadequate

Probably 
carcinogenic to 
humans (Group 
2 A)

Inadequate Sufficient Strong (b)(2) (human cells or 
tissues)

Limited Less than 
Sufficient

Strong (b)(1–3)

Limited or Inadequate Not necessary Strong (a) (mechanistic class)
Limited Less than 

Sufficient
Limited, or Inadequate Possibly carcino-

genic to humans 
(Group 2B)Inadequate Sufficient Strong (b)(3), Limited, or 

Inadequate
Inadequate Less than 

Sufficient
Strong b(1–3)

Limited Sufficient Strong (c) (does not operate in 
humans)

Inadequate Sufficient Strong (c) (does not operate in 
humans)

Not classifiable as 
to its carcinoge-
nicity to humans 
(Group 3)

All other situations not listed above
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Therefore, if we take that evidential pluralism entails the Russo-Williamson the-
sis, the IARC procedure does not instantiate, strictly speaking, evidential pluralism. 
Nonetheless, it is a decision procedure where the summative effect of different sorts 
of evidence is carefully assessed, particularly evidence of cancer in humans, evi-
dence of cancer in animal models, and evidence of mechanisms. To that extent it can 
properly be regarded a pluralist alternative to the EBM hierarchy, albeit a weaker 
version than that entailed by the Russo-Williamson thesis. Furthermore, it is a living 
example effectively applied in practice and closely related to public health concerns.

However, even though the IARC procedure goes in the right direction according 
to a pluralist viewpoint,7 it is specifically devised for a particular context. Linking 
evidence of mechanisms to key characteristics may be appropriate regarding carci-
nogenity, but it cannot be extrapolated to other contexts of research. Pluralists who 
defend the import of evidence of mechanisms in public health have to deal with quite 
different mechanisms than those scrutinized in the IARC procedure, as we will see 
in the following sections. Hence, addressing evidence of mechanisms from a more 
general viewpoint seems desirable. That is the subject of the next section.

4  Types of Evidence of Mechanisms

In public health, as it has been noted, research has traditionally focused on obtaining 
evidence of correlations according to EBM guidelines. To assess the application of 
evidential pluralism in public health, it is important to consider in detail the particu-
larities of the involved mechanisms and the evidence about them. As advocates of 
evidential pluralism have acknowledged, there are important divergences between 
public health and other biomedical fields (Brownson et al. 2017; Russo 2022). For 
that purpose, it is crucial to start from a solid account of (the diverse types of) evi-
dence of mechanism.

Evidence of mechanisms is characterised (and distinguished from evidence of 
correlations) based on the object of evidence, i.e., the thing we get evidence of. 
Evidence of mechanisms is commonly understood as evidence of the existence or 
the properties of mechanisms in the domain of inquiry (Illari 2011). In this context, 
a broad characterisation of mechanisms is usually adopted (Parkkinen et al. 2018; 
Williamson 2019a). A mechanism can be a complex system, a causal process, or a 
combination of both. In this sense, evidential pluralism is closely related to minimal 
characterisations of mechanisms. Those accounts try to capture the common features 
of mechanisms across the sciences. For example, Glennan argues that a “mechanism 
for a phenomenon consists of entities (or parts) whose activities and interactions are 
organized so as to be responsible for the phenomenon” (Glennan 2017, p. 17; see 
also Illari and Williamson 2012). Some examples of mechanisms are the mechanism 

7  Leuridan and Weber suggest three ways to improve the IARC procedure by increasing the relative weight 
of evidence of mechanisms. We could sympathise with any of them, for instance with performing random-
ized in vitro experiments about mechanisms (Leuridan and Weber 2011, p. 97). But our main goal here are 
the specific difficulties for a fruitful use of evidence of mechanisms in public health, and not so much a 
detailed recipe to combine different sorts of evidence.
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of protein synthesis, the mechanism of neural communication, or the mechanism of 
competitive exclusion.

Evidence of mechanisms, consequently, is not associated to a specific evidence-
gathering method. A mechanistic study is any study that provides information about 
mechanisms in the domain of interest. Mechanistic studies can take the form, for 
instance, of process tracing, in-vitro studies, or even RCTs. Gathering evidence of 
mechanisms, then, does not necessarily rule out those strategies usually associated to 
statistical evidence (see, for instance, footnote 7).

Given that evidence of mechanisms is characterised by the object of evidence, 
i.e., mechanisms, depending on which aspects of mechanisms are scrutinized, we can 
distinguish diverse sorts of evidence of mechanisms:

	● Evidence of the existence of a mechanism. This evidence supports the existence of 
some mechanism linking two phenomena or variables. Nevertheless, it provides 
no information about the properties or components of the linking mechanism. 
For instance, think about a RCT that identifies a strong and reliable correlation 
between C and E. This study provides evidence of the existence of a mechanism 
linking C and E. Given the identified correlation, it is very likely that there is a 
mechanism that links C and E. However, that mechanism remains a black box. 
The study provides no additional information about its internal workings.

	● Evidence of a property of a mechanism. This evidence illuminates a particular 
property of a mechanism linking two phenomena or variables. It does not refer to 
a specific part of the mechanism, but to the mechanism as a whole. For example, 
consider a series of in-vitro experiments that study the output of a mechanism in 
diverse environmental conditions. If the detected output remains similar across 
environmental conditions, the study supports the stability of the mechanism at is-
sue. Evidence of a property of a mechanism may also indirectly provide evidence 
of certain component. In those cases in which a property requires the presence of 
certain entities or activities, evidence of the property also supports the presence 
of those entities or activities.

	● Evidence of a component of a mechanism. This evidence supports that certain 
entity or activity takes part in a mechanism linking two phenomena or variables. 
Evidence about components includes not only the role played by components, 
but also their relevant properties for the mechanism outcome. To illustrate this 
kind of evidence, think of an autopsy of a patient with the condition C and certain 
injury E. This study can provide evidence of the entities whose actions and inter-
actions have resulted in E. In some cases, evidence of components may indirectly 
provide evidence of a property of a mechanism. When the presence of certain 
components gives rise to certain property (e.g., absence of stability), evidence of 
those components also supports the presence of that property.

	● Evidence of an interaction between mechanisms. This evidence supports that 
some mechanisms in the domain of interest interact in a specific way. The inter-
action may involve two or more mechanisms. Consider, for instance, a process 
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tracing of a mechanism M1 linking C and E. This study can make salient that, at 
certain step, a further disturbing mechanism M2 partially masks mechanism M1 
and undermines its influence of C. Evidence of an interaction between mecha-
nisms may indirectly provide evidence of properties or components of the oper-
ating mechanisms. In some cases, the interaction between two mechanisms re-
quires that the mechanisms have certain properties or components. In those cases, 
evidence of the interaction also provides evidence of properties or components of 
the operating mechanisms.

4.1  Evidence of Mechanisms in Public Health

The mechanisms that underlie public health interventions are remarkably complex. 
Public health mechanisms have a high number of (very diverse) component entities 
(e.g., civil servants, health workers, children, institutions, etc.) and activities (e.g., 
supply of goods, information exchange, advertising campaigns, etc.). They are not 
just biological mechanisms, but often also involve (among others) social, politi-
cal, and legal aspects. For example, think of the mechanisms underlying lockdown 
interventions during the COVID-19 pandemic. Certainly, policy makers’ took into 
account biological aspects related to disease: ways of transmission, infectivity rate, 
recovery rate… But social and political aspects such as the impact on the labour 
market, on the traffic and supply of goods, and even on citizens’ own willingness to 
adhere to the new regulations, were also considered.

The point is that, given the complexity of mechanisms and the unavoidable practi-
cal limitations, appealing to evidence of mechanisms in public health faces important 
challenges.

First, indirect evidence of the existence of mechanisms is rarely available. High-
quality evidence of correlations can provide evidence of the existence of mechanisms 
(Williamson 2019a). Thus, when reliable evidence-gathering methods (e.g., RCTs 
with low risk of bias) establish a correlation between C and E, they indirectly provide 
evidence of the existence of a mechanism linking C and E. However, in public health, 
high-quality evidence of correlations about the target population is rarely available 
in advance. Because of practical and ethical limitations, interventions can rarely be 
assessed by means of RCTs. Randomised trials may not be feasible or advisable in 
the target population. Consequently, most evidence about the target population is 
obtained by means of suboptimal evidence-gathering methods.

Second, in principle experimental studies allow us to intervene in mechanisms 
and study their behaviour (as a whole) in diverse conditions. In this sense, in-vitro 
experiments and in-vivo studies are very useful to obtain evidence of properties of 
mechanisms in the biomedical sciences. Nonetheless, such experimental studies are 
rarely available in public health. It is highly unfeasible to isolate the relevant mecha-
nisms, intervene on them, and observe them in a controlled environment. They are 
often integrated in larger and complex mechanisms and we can only make a limited 
set of interventions.

Third, extensive and reliable evidence about the main components of the relevant 
mechanisms can hardly be obtained. As it has been noted, public health mechanisms 
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include many and very diverse entities and activities. Those components may be bio-
logical, social, political, etc. Moreover, given practical limitations involved in public 
health, we may have important constrains to study them. For example, given the 
urgency and potential danger of a threat, time constraints may exist. Consequently, 
our evidence of components is always limited and fragmentary. In most cases, we 
have evidence just of some of the component entities and activities. Furthermore, 
given the complexity of public health mechanisms, it is difficult to assess the extent 
of our evidence. We can hardly know how exhaustive is our knowledge about the 
components (and their relevant properties).

Fourth, evidence of detailed interactions between mechanisms is usually limited. 
In public health, causal relations and interventions are influenced by many diverse 
mechanisms. When some mechanisms are identified and studied, unknown disturb-
ing mechanisms may be present. Those disturbing mechanisms may influence the 
outcome and even mask the identified mechanisms (Clarke et al. 2014). Besides, 
given the complex network of causal relationships, even when the most relevant 
mechanisms are known, it may be difficult to anticipate the effects of a particular 
intervention or change in the environment.

To conclude, there are remarkable difficulties to collect evidence of mechanisms 
and they are not restricted to a particular type of evidence of mechanisms. Evidential 
pluralism is challenged in public health due to the complexity of the mechanisms 
involved and the practical constraints that shape the research. In the next section, we 
will explore whether computer simulations, and particularly agent-based modelling, 
could provide complementary evidence of mechanisms.

5  Agent-Based Models

Agent-based models (ABMs) have been vindicated as an important tool for pub-
lic health (Auchincloss and Diez Roux 2008; Maglio and Mabry 2011; Tracy et al. 
2018; Silverman et al. 2021). They are heavily associated with research in infectious 
disease epidemiology, namely, disease spread, vaccination strategies, or prevention 
measures. Nonetheless, ABMs have also been applied to other fields such as non-
communicable disease epidemiology, health behaviour, and social epidemiology 
(Nianogo and Arah 2015; Tracy et al. 2018).

ABMs are computer simulations of autonomous agents that interact according to 
a set of predefined rules and within a specific environment (Epstein 2006). A set of 
individual agents is the starting point for ABMs. Agents are specific software objects 
and ABMs allow for a great flexibility regarding them. They normally represent 
people, but they can also stand for institutions, companies, or even towns. Each indi-
vidual agent is characterised by a vector of attributes (de Marchi and Page 2014). 
Those attributes may be not only biological properties (e.g., age), but also other kinds 
of properties (e.g., job, studies, savings). Moreover, attributes may remain invariable 
during the entire simulation or be susceptible to change.

Individual agents are guided by behavioural rules in their interactions among 
them and with the environment. Those rules guide individual agents’ behaviour on 
the basis of the input they receive from the environment. This input may comprise 
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past states, current states, or potential states of other agents, the environment, or 
even agents themselves. States of the environment usually refer to structural aspects 
(e.g., topologies). Regarding behavioural rules, ABMs also allow for great diversity. 
Behavioural rules are independently assigned to each individual agent. They may be 
the same for all agents or change across subpopulations. As with attributes, rules are 
also susceptible to change as the simulation proceeds.

Although ABMs are commonly understood as “fine-grained” models, they can 
vary a lot regarding their degree of detail (de Marchi and Page 2014; Bruch and 
Atwell 2015; Iranzo and Pérez-González 2021). They can range from very simple to 
highly complex models. Great flexibility is allowed about the number of agents, the 
(kinds of) attributes, the interactions, etc. ABMs are also diverse concerning their 
resemblance to the target population. Some models make many unrealistic ideali-
sations and abstractions, while others are empirically calibrated according to large 
databases. The adequate level of complexity and realism of a particular ABM will 
depend on the purpose of the model.

ABMs, unlike other kinds of models, pay attention to how individual behaviour 
results in system-level outcomes. They aim to identify the link between certain indi-
viduals’ traits and behaviours and the system-level outcomes. Given the dynamic 
nature of ABMs, starting from the set of initial conditions, individual agents interact 
guided by the behavioural rules and the input they receive from the environment. The 
autonomous (but interdependent) behaviour of individual agents aggregates in emer-
gent or bottom-up system-level outcomes (Epstein 2006; Macy and Flache 2009). 
Precisely the most attractive aspect of this type of simulation is that it sometimes 
generates multi-scale patterns that, in principle, are not predictable from the data 
and behavioural rules implemented at the individual level. In these cases, the interest 
of the results obtained through simulation lies not only in their potential predictive 
value, but also in the fact that they make it possible to anticipate novel scenarios that 
might otherwise have been completely overlooked.

ABMs are particularly useful to simulate interventions and policies (Nianogo and 
Arah 2015; Tracy et al. 2018; Iranzo and Pérez-González 2021). They can explore 
modifications in any attribute of (any group of) individual agents or parameters of the 
environment. Multiple simulations, which diverge just in details, can be conducted 
and compared in terms of their results, that is, the hypothetical scenarios, arrived at. 
Furthermore, given their dynamic nature, ABMs can study changes in agents’ behav-
iour resulting from the introduction of the intervention (Bruch and Atwell 2015). As a 
result, ABMs can be an effective tool to address complex issues in research on public 
health such as emergence, non-linearity, and adaptive behaviour.

In order to illustrate the evidential role of ABMs in public health, let us briefly 
analyse an example about the relationship between adolescent smoking and friend-
ship networks.

The model developed by Schaefer et al. (2013) is a particular implementation of 
a Stochastic Actor-Based Model (SABM).8 This model is composed of 509 agents 

8  SABM, also referred to as SIENA, is one option among a vast array of ABMs now available. SABMs 
are especially designed to cope with the reciprocal interaction between social networks and behaviour. For 
technical details see (Snijders 2017).
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representing individual students. Each student is characterised by a vector of attri-
butes including age, delinquency, alcohol consumption, or parent smoking. Some 
attributes are assigned to an individual (e.g., age), while others are dyadic (e.g., age 
similarity). Initially, agents’ attributes are calibrated using data from the National 
Longitudinal Study of Adolescent Health. It should be noted that some attributes are 
invariant during the whole simulation (e.g., parent smoking), while others could vary 
(e.g., smoking).

This ABM simultaneously uses two different behavioural rules or functions to 
study the interactions between smoking and social influence. The smoking function 
reflects changes in smoking over time (e.g., prevalence, initiation, and cessation). 
The network function governs modifications in network structure of friendship rela-
tions over time (e.g., creation of new ties). Some agents’ attributes are included in 
the smoking function (e.g., parent smoking), while others are included in the network 
function (e.g., age similarity). At any step, each individual agent may change a tie, 
change smoking behaviour, or make no changes.

There is a substantial amount of empirical research about the effects of social 
influence on smoking behaviour. More specifically, Schaefer and his collaborators 
were interested in the micro-level processes underlying smoking behaviour in adoles-
cence. Peer-networks may be crucial here. Supposedly, the fact that your close friends 
are, or are not, smokers influence your smoking behaviour; and the more popular are 
smokers at school, the higher the probability that other students imitate their behav-
iour. According to this, Schaefer analysed social influence at school in relation to 
two different parameters: peer influence and smoker popularity. Then, the questions 
to be investigated through this simulation were, firstly, how both factors, measured 
in discrete values, affect population-level smoking outcomes and, secondly, which 
interventions could be recommended to decrease the proportion of smokers.

Consequently, peer influence and smoker popularity were manipulated. The 
authors developed scenarios with alternative values for peer influence (while smoker 
popularity remained constant at the observed value), scenarios with alternative values 
for smoker popularity (while peer influence remained constant at the observed value), 
and scenarios with alternative values for both peer influence and smoker popularity. 
A thousand simulation runs were performed for each combination of peer influence 
and smoking-based popularity, that is, sixty-three thousand in total.

The results suggest that “changes in PI [peer influence] and smoker popularity can 
affect smoking behaviour, but their effects are contingent to one another” (Schaefer 
et al. 2013, p. 295). Both factors do not contribute to smoking behaviour in the same 
extent. Higher values for peer influence, while keeping constant smokers popularity, 
did not have substantial consequences on smoking prevalence. However, holding 
peer influence constant, as smoking-based popularity was increased, smoking preva-
lence and initiations increased while cessations decreased. Manipulating peer influ-
ence and smokers popularity shows that when the former is at its minimum value and 
students do not try to imitate their peers behaviour, the popularity of smokers has no 
effect on smoking prevalence. The authors conclude that “[…] both peer influence 
and a nonzero level of smoking-based popularity may be necessary for changes in 
the other parameter to affect smoking” (Schaefer et al. 2013, p. 28 S). For instance, 
higher levels of peer influence, when smoker popularity is positive, increase smok-
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ing. But when smoker popularity is negative, higher levels in peer influence decrease 
smoking. It should be added that the joint-effect of both parameters is non-additive.

In line with public health issues, if the goal is smoking reduction, these results 
throw some light on the micro-level processes linking friendship and smoking in ado-
lescence. Furthermore, the alternative settings generated by successive changes in the 
parameter values can be understood as virtual post-intervention scenarios. They can 
offer, then, a guide for modulating the direction and intensity of real interventions.

5.1  Agent-Based Models as Mechanistic Studies

Returning now to the question that concerns us here, namely, evidence of mecha-
nisms, we have already noted that it is not necessarily associated to a specific evi-
dence-gathering method. Could we consider that a computer simulation like that 
carried out by Schaefer and his collaborators provides us with such sort of evidence? 
Evidential pluralists have argued, indeed, that ABMs may be understood as mecha-
nistic studies that provide such evidence (Clarke et al. 2014; Parkkinen et al. 2018). 
Researchers in public health have pronounced in a similar vein: “[t]hese models pro-
vide insight into the underlying mechanisms that give rise health behaviours and out-
comes” (Tracy et al. 2018, p. 84). In fact, Schaefer and his collaborators contemplate 
their work as an investigation “that emphasizes micro-level mechanisms that may 
underlie population-level outcomes” (Schaefer et al. 2013, p. 25 S).

Let us consider again their model from a different perspective, that is, as a poten-
tial source of evidence of mechanisms. Particularly, two mechanisms are scrutinized 
in this simulation. First, the model includes the mechanism responsible for adoles-
cent smoking. By means of individual agents, it represents the component entities of 
the mechanism (i.e., students) and those properties considered relevant such as age, 
alcohol, and parent smoking. The model also accounts for actions of students such as 
starting or quitting smoking. These actions are represented through the behavioural 
rule of smoking function. But the model also includes the mechanism responsible 
for friendship networks. Its component entities are the same (i.e., students) but the 
relevant properties here are popularity, age similarity, and smoking ego. Interactions 
between students (e.g., creation of a new tie) are also taken into account. They are 
represented through the behavioural rule of network function.

The model, then, assumes that there are two relevant mechanisms involved in ado-
lescent smoking behaviour. The existence of those mechanisms is taken for granted 
as a working hypothesis at least. This is not, of course, an ungrounded point of depar-
ture, since there is previous empirical evidence, mentioned by Schaefer and their col-
laborators, that favours the idea that friendship networks are crucial in this context. 
To observe and study the interactions between the mechanisms of adolescent smok-
ing and friendship networks, the simulation is conducted. The empirically-calibrated 
model is run to observe the evolution of the adolescent smoking and friendship net-
works. Both phenomena do not evolve independently. In this sense, the authors say 
that “the SABM represents the coevolution of peer networks and smoking” (Schaefer 
et al. 2013, p. 255).

Recall now our classification about sorts of evidence of mechanisms at Sect. 4. 
No evidence of the existence of any mechanism is provided by Schaefer’s model. 
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It is built and empirically calibrated to represent two mechanisms which are taken 
for granted as a working hypotheses. On the other side, evidence of components of 
the mechanisms―e.g, a database about adolescent health―is used as input to feed 
the model. The profile of the components of the mechanism, that is, the set of those 
properties considered relevant, is fixed from the outset. Subsequently, simulations 
are conducted to observe how both mechanisms evolve and interact with each other 
in terms of the smoking behaviour and incidence. As it has been noticed, the study’s 
main target is the interaction between both mechanisms in diverse scenarios. The val-
ues of peer influence and smoker popularity are modified in subsequent runs and the 
effects of those interventions on smoking behaviour are estimated taken separately 
but also jointly. The simulation outcome revealed that there is no pure additive effect. 
This result illuminates the sort of interaction between the operating mechanisms. 
Lastly, regarding evidence of a property of a mechanism, the study remains silent, 
since it is primarily focused on the interactive aspects of the process.

This example shows, on our view, that ABMs can provide evidence of mechanisms 
that could be helpful to overcome the abovementioned limitations to obtain evidence 
in public health. Nonetheless, as mechanistic studies, ABMs also face important chal-
lenges. First, as the previous example illustrates, to provide evidence of mechanisms, 
ABMs often need to be empirically calibrated and this empirical calibration usually 
relies on previous evidence of mechanisms. For instance, to study the properties of 
a mechanism, an ABM requires previous evidence about the component entities and 
activities of the mechanism. It must be calibrated to adequately represent the mecha-
nism. Nonetheless, in public health, as it has been noted, evidence of mechanisms is 
often scarce and empirical calibration is not always possible.

Secondly, it is not clear that ABMs may provide some types of evidence of mech-
anisms. As Schaefer’s model shows, ABMs can provide evidence of interactions 
between mechanisms. They also seem able to supply evidence of components and 
properties of mechanisms. However, given their bottom-up nature, ABMs can hardly 
provide evidence of the existence of a mechanism. As it has been explained, evidence 
of the existence of a mechanism just supports the existence of some mechanism link-
ing two phenomena or variables. It remains silent about the properties or components 
of the mechanism. Nonetheless, ABMs always make assumptions about the compo-
nents of the mechanism since individual agents and behavioural rules are their basic 
building blocks.

We wish to emphasize here, nonetheless, that ABM-modelling is a viable strategy 
for obtaining evidence of mechanisms, at least in some of its dimensions, in public 
health. It can be considered, then, as a source of evidence of mechanisms to comple-
ment available statistical evidence.

6  Conclusions

In the last few decades, the evidence-based approach has become dominant in the 
biomedical sciences. According to it, statistical evidence provided by experimental 
studies is strongly favoured. Nonetheless, despite its popularity, remarkable limita-
tions of standard evidence-based practice have been denounced. In this context, evi-
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dential pluralism has recently been developed as an alternative standpoint. Evidential 
pluralism holds that both statistical evidence and evidence of mechanisms are crucial 
to establish causal claims in the biomedical sciences. Advocates of evidential plural-
ism argue that statistical evidence and evidence of mechanisms complement each 
other.

In this paper, we have analysed the application and prospects of evidential plu-
ralism in public health. Regarding this matter, some initial conclusions have been 
reached. IARC’s framework incorporates a pluralistic perspective on evidence, but 
its evidentiary procedure is not straightforwardly generalizable to the field of public 
health. Given its focus on biological mechanisms related to carcinogenesis, the stan-
dards proposed by IARC seem rather parochial. Therefore, coping with evidence of 
mechanisms in public health requires a broader perspective which extends to a wider 
array of mechanisms.

Accordingly, we have evaluated the prospects for obtaining evidence of mecha-
nisms in the more general framework of public health. Hence, we discern several 
dimensions of evidence of mechanisms which are, in principle, independent of the 
research context. In addition, we contend that computational simulation should be 
acknowledged as a further source for obtaining evidence of mechanisms. In the field 
of public health in particular, ABM modelling is an appealing strategy given its bot-
tom-up approach, from individual agents to collective outcomes, and its flexibility to 
integrate very diverse bits of information.

On our view, decision-making should be approached from a pluralist approach to 
evidence provided that reliable and complementary evidence on the efficacy of inter-
ventions can be obtained. We have argued that evidential pluralism may be useful to 
alleviate those empirical uncertainties related to public health. It must be acknowl-
edged, nonetheless, that decision-making is also affected by non-empirical uncer-
tainties, e.g., ethical uncertainties. They do not concern the actual state of the world 
and, unfortunately, cannot be dispelled by providing additional evidence. Contexts 
where public health decision-making is involved are complex. However, even though 
evidential pluralism does not necessarily provide an ultimate answer for them, we 
believe it is a significant advance.
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