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RESUMO 

 

 

QUANDO A ECOLOGIA E A FILOSOFIA SE ENCONTRAM:  

CONSTRUINDO EXPLICAÇÕES E AVALI ANDO COMPREENSÕES NA PRÁTICA 

CIENTÍFICA  

 

A filosofia da ciência em prática (Philosophy of Science in Practice, PoSiP) tem a prática 

científica como objeto de estudo. Porém, ela não possui uma metodologia geral ou específica 

que vise atingir seus objetivos. Em vez de se ater a um único protocolo, PoSiP tem a 

vantagem de utilizar diversos conjuntos de aplicações oriundas de diferentes áreas. Esta tese 

tem como ponto de partida uma pesquisa colaborativa e interdisciplinar entre dois 

doutorandos provenientes de campos distintos: ecologia e filosofia. Essa colaboração mostra 

como um cientista pode se beneficiar da filosofia da ciência (no estudo de caso dessa tese, da 

abordagem filosófica da explicação mecanística) para construir um modelo de seu 

explanadum via processo heurístico (heurística enquanto instrumento e abordagem 

metodológica). Mas também permite que a filosofia da ciência se aproxime da prática 

científica para investigar como as explicações são construídas e como a compreensão 

científica é atingida (nesta tese, em diálogo com a teoria contextual da compreensão 

científica). Como resultado desse trabalho, é defendido que: (i) a explicação mecanística é 

limitada mas pode trabalhar como instrumento epistêmico mediador entre teorias, dados, 

cientista e modelo; (ii) a construção de explicações e a compreensão científica dependem 

fortemente de um processo intuitivo; (iii)  a compreensão científica é um momento, é 

transiente, um acontecimento temporário e seu processo pode ocorrer em níveis gradativos, 

(iv) a filosofia da ciência, por meio de um processo heurístico, pode aumentar as virtudes 

epistêmicas do cientista através do aumento de suas habilidades acadêmicas, via 

autorreflexão. Essa pesquisa mostra que trabalhos colaborativos interdisciplinares podem 

atuar, através de heurísticas, como uma caixa de ferramentas para a PoSiP atingir seu objetivo 

de entender como a ciência é feita. Apesar de seu sucesso, uma análise dessa prática 

colaborativa leva a alguns questionamentos fundamentais. Primeiro, a filosofia da ciência em 

prática é uma filosofia de uma prática científica pretérita, na medida em que a maioria dos 

exemplos utilizados pela PoSiP convencional é oriunda de produtos finais da ciência. 

Segundo, seria filosofia da [ciência em prática] ou filosofia da ciência [em prática]? Como 

praticar a filosofia da prática científica e como praticar interdisciplinaridade na filosofia da 

ciência em prática simultaneamente à atividade científica? Esta pesquisa expõe o papel 

epistêmico das heurísticas e da interdisciplinaridade como instrumentos metodológicos para a 

filosofia da ciência em prática. É defendido que outras formas de construção da ciência seriam 

através de diferentes dinâmicas, como redes colaborativas e pesquisas interdisciplinares, 

contribuindo para a visão de trading zones de Peter Galison, onde disciplinas especializadas 

criam pontes para trocas de conhecimento e informação. 

 

Palavras-chave: Explicação mecanística. Compreensão científica. Heurísticas. 

Interdisciplinaridade. Filosofia da ciência em prática. 

 

  



 

 

ABSTRACT 

 

 

WHEN ECOLOGY AND PHILOSOPHY MEET:  

CONSTRUCTING EXPLANATION AND ASSESSING UNDERSTANDING IN SCIENTIFIC 

PRACTICE 

 

Philosophy of Science in Practice (PoSiP) has the ñpractice of scienceò as its object of 

research. Notwithstanding, it does not possess yet any general or specific methodology in 

order to achieve its goal. Instead of sticking to one protocol, PoSiP takes advantage of a set of 

approaches from different fields. This thesis takes as starting point a collaborative and 

interdisciplinary research between two Ph.D. students from distinct areas: ecology and 

philosophy. This collaboration showed how a scientist could benefit from philosophy of 

science (in this case study the philosophical approach of. mechanistic explanation) to 

construct a model of his explanandum, by means of heuristics approach (heuristics as an 

instrument but also a methodological approach) and, also allowed philosophy of science take 

a closer look into the scientific practice to investigate how explanations are constructed and 

how scientific understanding is achieved (in this thesis, with a dialogue with the contextual 

theory of scientific understanding). As a result, it is asserted that (i) mechanistic explanation 

possess limitations but may work as epistemic instruments that mediates between theories, 

data, scientists and models; (ii) explanation construction and scientific understanding deeply 

relies on intuition; (iii) scientific understanding is an instant, a moment, a temporary 

achievement, and its process may happens in degrees; (iv) philosophy of science, by means of 

heuristics process, may enhances scientistsô epistemic virtues, improving his academic skills, 

by means of self-evaluation. This research shows that interdisciplinarity and collaborative 

work can act, through heuristics, as a toolbox for PoSiP to achieve its goal of understanding 

how science is made. Despite its success, an analysis of this collaborative practice leads to 

some fundamental issues. First, philosophy of science in practice is a philosophy of past 

practice, in that the majority of examples used by mainstream PoSiP come from the final 

products of science. Second, is it philosophy of [science in practice] or philosophy of science 

[in practice]? How to practice philosophy of scientific practice and, how to practice 

interdisciplinarity in the philosophy of scientific practices simultaneously to its scientific 

activity? This research exposes the epistemic role heuristics and interdisciplinarity possess as 

methodological toolboxes for philosophy of science in practice. It is defended that other ways 

of constructing sciences would be through different dynamics such as collaborative networks 

and interdisciplinarity research contributing to the vision of Trading Zones from Peter 

Galison, in which bridges between specialized disciplines are created in order to exchange 

knowledge and information. 

 

Keywords: mechanistic explanation. Scientific understanding. Heuristics appraisal. 

Interdisciplinarity. Philosophy of science in practice. 



 

 

OVERZICHT  

 

 

WANNEER ECOLOGIE EN FILOSOFIE ONTMOETEN:  

SAMENSTELLING EN TOETSING VAN BEGRIP IN WETENSCHAPPELIJKE PRAKTIJK 

Filosofie van wetenschap in de praktijk (Philosophy of science in practice, PoSiP) heeft de 

praktijk van de wetenschap als object van onderzoek. Desalniettemin bezit het geen algemene 

of specifieke methodologie om zijn doel te bereiken. In plaats van vast te houden aan één 

protocol, maakt PoSiP gebruik van een reeks benaderingen uit verschillende velden. Dit 

proefschrift neemt als uitgangspunt een gezamenlijk en interdisciplinair onderzoek tussen 

twee Ph.D. studenten uit verschillende gebieden: ecologie en filosofie. Deze samenwerking 

liet zien hoe een wetenschapper kan profiteren van de wetenschapsfilosofie (viz. 

mechanistische verklaring) om een explanandum model van zijn uitleg te construeren, door 

middel van een heuristische benadering en (heuristieken als een instrument, maar ook als een 

methodologische benadering), ook toegestaan, de wetenschapsfilosofie om de 

wetenschappelijke praktijk nader te bekijken om te onthullen hoe uitleg wordt geconstrueerd 

en hoe wetenschappelijk begrip wordt bereikt (in vergelijking met de contextuele theorie van 

wetenschappelijk begrip). Dientengevolge wordt beweerd dat (i) de mechanistische verklaring 

heeft beperkingen, maar kan werken als epistemische instrumenten die bemiddelen tussen 

theorieën, data, wetenschappers en modellen; (ii) uitleg constructie en wetenschappelijk 

begrip vertrowt diep op intuïtie; (iii) wetenschappelijk inzicht is een moment, een tijdelijke 

prestatie en het proces kan in graden plaastsvinden; (iv) wetenschapsfilosofie, door middel 

van heuristisch proces, kan de epistemische deugden van wetenschappers verbeteren, zijn 

academische vaardigheden verbeteren, door middel van zelfevaluatie. In dit onderzoek laat ik 

zien dat interdisciplinariteit en collaboratief werk via heuristiek kan werken als een 

gereedschapskist voor PoSiP om zijn doel te bereiken om te begrijpen hoe wetenschap wordt 

gemaakt. Ondanks het succes leidt een meta-analyse van deze praktijk tot enkele 

fundamentele problemen. Ten eerste is de wetenschapsfilosofie in de praktijk een filosofie 

van de praktijk uit het verleden, bijvoorbeeld de meerderheid van de voorbeelden die worden 

gebruikt door de reguliere PoSiP komt van de eindproducten van de wetenschap. Ten tweede, 

is het filosofie van [wetenschap in de praktijk] of wetenschapsfilosofie [in de praktijk]? Hoe 

filosofie van de wetenschappelijke praktijk te beoefenen en hoe interdisciplinariteit in de 

filosofie van wetenschappelijke praktijken tegelijk met zijn wetenschappelijke activiteit te 

oefenen? Dit onderzoek legt de epistemische rol van heuristiek en interdisciplinariteit bloot 

als methodologische toolboxes voor wetenschapsfilosofie in de praktijk.. Er wordt verdedigd 

dat andere manieren om wetenschap te construeren door verschillende dynamieken kunnen 

zijn, zoals samenwerkingsnetwerken en interdisciplinariteitsonderzoek die bijdragen aan de 

visie van handelszones van Peter Galison, waarin bruggen tussen gespecialiseerde disciplines 

worden gecreërd om kennis en informatie uit te wisselen. 

 

Trefwoorden: mechanistische verklaring. Wetenschappelijk begrip. Heuristische benadering. 

Interdisciplinariteit. Filosofie van wetenschap in de praktijk. 
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PREFACE 

 

 

Before we dive into the traditional reading of this academic thesis, let me first tell you the 

story of how this project came to life and progressed. 

This thesis started in 2014 with the idea of exploring the application of mechanistic 

explanation as a source of contributions to scientific practice, but the concept of such 

investigation dates back to a few years ago, during 2009-2014, with the project ñIntegrating 

Levels of Organization into Predictive Ecological Models: contributions from epistemology, 

modeling and empirical researchò (INOMEP), funded by the Brazilian Program of Support of 

Nuclei of Excellence (PRONEX). The INOMEP/PRONEX project was already working with 

issues related to the prescriptive and descriptive nature of philosophy of science. One target of 

such appraisal was whether philosophy of science, in order to possess an identity of its own, 

needed to be prescriptive, and whether such prescription could be derived from scientistôs 

descriptions of their own constructs. In this sense, prescriptions could be mirrored in 

heuristics.
1
 By that time, we considered the new mechanistic philosophy of science as a 

possible field for developing a study on this kind of prescription, given its elucidation of how 

phenomena are often described and explained in biology and several other areas. The 

conjecture for INOMEP/PRONEX back then was to derive heuristics for ecological research 

according to the modus operandi of this new mechanistic literature that could have a 

prescriptive power. This was the root of this thesis project. 

By the time this project started, mechanistic explanation was being applied mainly to 

create models in biochemistry, neuroscience, physics and sociological fields. Despite a few 

prominent discussions in the ecology of the early 1980ôs (viz. SCHOENER 1986), in more 

contemporary ecological science there are no strong discussions on how this type of 

explanation could be used. So, the question that emerged was: what if we could derive lessons 

from the (relatively) recent literature on mechanistic explanations in biology to create models 

of ecological phenomena? Well, it is no novelty that biology and ecology, in a sort of love and 

hate situation, have been using mechanisms to explain phenomena for centuries. The 

difference, at that point, was twofold. First, after Salmonôs 1984 book Scientific explanation 

and the causal structure of the world and Bechtel & Richardsonôs 1993 Discovering 

                                                           
1
 The word heuristics in this thesis will possess three distinct meanings. óHeuristics appraisalô will concern a 

methodological approach, óheuristics setô will refer as toolbox (heuristics as tools will have two functions: 

instruments and displays), and óheuristics processô will concern óheuristics appraisalô and óheuristics set 

altogetherô (see section óWhat is this thing called heuristics?ô). 



 

complexity, mechanistic explanation had no ontological commitments with the philosophical 

and scientific tradition of mechanism any longer, being addressed by the new mechanistic 

philosophy of science. And second, mechanistic-model building, both in biology and ecology, 

until so far did not possess a theoretical framework that was strictly concerned with (the how-

to of) mechanism-building. 

So, my thesis had a goal and also a justification. But which ecological phenomena 

should be targeted? As a philosophy of science in practice research it was obviously needed to 

bind this project to a scientific practice in ecology. The solution came with the previous 

INOMEP/PRONEX, later improved to the INCT IN-TREE program. This thesis is embedded, 

thus, within the National Institute of Science and Technology in Interdisciplinary and 

Transdisciplinary Studies in Ecology and Evolution (INCT IN-TREE). The INCT IN-TREE is 

a research network coordinated by Charbel Niño El-Hani, funded by the Brazilian National 

Research Council of Scientific and Technological Research (CNPq) and the Brazilian 

Coordination for the Improvement of Higher Education Personnel (CAPES), and aims to 

develop projects in ecology and evolution in an interdisciplinary and transdisciplinary 

approach, involving mathematical, computational, and statistical modeling; epistemological 

and ethical studies; models for interaction with society; strategic communication; and 

technological development. This program includes 300 researchers and collaborators 

pertaining to 49 labs in 11 Brazilian universities and 35 universities and institutes all over the 

world. Facing the amount of ecological projects within INCT IN-TREE, how to choose one to 

work with? Well, two criteria needed to be contemplated for this selection. First, since 

mechanistic explanation was very much embedded in philosophical debates, the scientist 

going to collaborate with my thesis must be interested in incorporating aspects from 

philosophy of science in their research. Second, the timing of the joint research must fit into 

the schedule of both investigators in such a way that they might walk together without 

consequential delays. Fulfilling these expectations was the scientist (ecologist and modeler) 

Jeferson Gabriel da Encarnação Coutinho, a Ph.D. candidate in Ecology (supervised by prof. 

Dra. Blandina Felipe Viana) from the Bees Biology and Ecology Laboratory, also at Federal 

University of Bahia (UFBA), engaged in research concerning pollinatorsô dynamics in 

agricultural systems. 

As you may perceive already, this research concerns a collaboration between two Ph.D. 

students, from distinct Ph.D. programs, with different thesis projects with distinct purposes. 

My main goal at that time was to investigate the contributions of philosophy of science to the 

scientific practice of model building. One of Coutinhoôs goals was to create a mechanistic 



 

model of pollinatorôs dynamics in agricultural systems that could allow him to derive 

management policies. Thus, to construct a model was the goal in common. 

At this point my thesis had a ñwhatò, a ñwhyò, I have chosen a ñwhichò but what about 

the ñhowò? Since this was a collaborative research project, we established that this 

investigation would happen through monthly meetings for a year. Thus during 2014-15, we 

gathered together to discuss philosophical and ecological literature in order to create 

heuristics that could guide him in the construction of a mechanistic model. Two things are 

very important to have in mind. One, that we have constructed the heuristics together but the 

ecologist was the only one to apply the heuristics in scientific practice. Second, that Coutinho 

applied the heuristics while their idea was still being conceived, so their construction and 

application happened concomitantly. It took us around a year to complete the heuristics set. 

By the end of 2015, we already had the impression that the mechanistic explanation would not 

succeed in explaining the phenomenon of interest, because of the intrinsic features of complex 

ecological systems. 

Nevertheless, Coutinho continued to apply the heuristics and, by the year 2016, he 

realized that the mechanistic explanation was actually working to explain his ecological 

phenomenon. Therefore, a mechanistic model was successfully created and the philosophical 

literature, in his words, not only helped him develop his explanation but also helped him 

achieve a better understanding, by means of improving his technical skills. By the next year of 

this enterprise, 2017, the scientist at some point of his investigations realized that the 

mechanistic model was no longer necessary. He discarded the model and created a theoretical 

framework that he refers to as ñunificationistò. At the end of our collaboration this was his 

product.  

What I want to reveal by telling this story is that my thesis, as a philosophy of science in 

practice investigation, started with a simple question. I wanted to know if mechanistic 

explanation, by means of heuristic processes, could help a scientist to create a model during 

his scientific practice. It was a ñyes or noò answer conditioned to model building. I was 

considering only the scientistôs creation therefore, perceiving science as a final product. 

Notwithstanding, I realized throughout this research that this product changed along the 

scientistôs inquiry. These modifications made me wonder what happened during his analyses 

that led to these replacements. What happened in his scientific process? To answer these 

questions I needed to look at the scientific practice as a process instead of the scientific 

practice as a final product. In this sense, as the heuristics set served as an instrument for 

model building, I needed to disclosure its application. What I had not realized until then was 



 

that the reconstruction of scientific practice would be a puzzle with many missing pieces, 

sometimes because of methodological aspects inherent in collaborative/interdisciplinary 

research and sometimes because of the scientific process itself. 

The real challenge of my thesis was not so clear at the beginning of this enterprise. It 

became clean and clear only in 2018 when I presented a draft of this thesis to the Philosophy 

of Science and Technology (FWT) group, at Vrije Universiteit Amsterdam, and at the 

Workshop in Scientific Explanation and Scientific Understanding at Ghent. Both events 

happened during my internship process in the Netherlands, at the Universiteit van Amsterdam, 

supervised by Dr. Federica Russo and funded by the Interuniversity Doctorate Exchange 

Program (PDSE/CAPES). After these conferences I realized that the main challenge of this 

research was how to practice philosophy of science in practice and how to deal with a 

philosophy of science that is interdisciplinary in its own practice. Facing such a thrilling 

enterprise, I might say by now that this thesis is an attempt to make sense and reconstruct the 

path of this maze called the philosophical and scientific practice of knowledge construction. 
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INTRODUCTION  

 

 

Traditional philosophy of science (PoS) has aimed at an account of scientific knowledge in 

terms of a two-way relationship between world and knowledge (BOON 2017). The long 

tradition of philosophical literature about the nature of scientific explanation helps to reveal 

crucial features of explanation across the sciences (CRAVER 2007). Despite of it, much work 

in the philosophy of science continues almost isolated from scientific practice per se 

(ANKENY et al. 2011). 

Philosophy of Science in Practice (PoSiP), besides other things, aims at an 

epistemology of scientific practices that addresses questions such as: how is the construction 

of knowledge for epistemic uses possible? It aims at an understanding of science that avoids 

the belief that the objectivity of knowledge can be warranted by an account of knowledge-

justification that eliminates the role of scientists, but that also avoids a mere psychological 

and sociological interpretation of scientistsô subjectivity (BOON 2017).  

The Society for Philosophy of Science in Practice (SPSP) defines the term ópracticeô as 

organized or regulated activities that aim to achieve certain goals. Thus, any investigation of 

practices should elucidate what kind of activities are associated with them and required for the 

generation of knowledge in a given domain. In this sense, PoSiP has the practice of science as 

its object of research. Notwithstanding, it does not possess any general protocol or any 

specific methodology to apply in order to achieve its goal. The instruments used to assess this 

scientific practice come from history, psychology, technology, sociology and so on, for 

instance, historical philosophy of science, sociology of scientific knowledge (SSK), science-

technology-and-society (STS) studies (BOON 2017). The lack of a general methodological 

approach does not characterize PoSiP as more or less valid. The abovementioned instruments, 

with their interdisciplinary nature, constitute a toolbox to achieve the goal of understanding 

how science is made. Thus, the absence of an exclusive methodology transforms itself into a 

multitude of opportunities. Instead of sticking to one protocol, PoSiP takes advantage of a set 

or family of approaches from different fields. Now, the challenge is to map how these 

methodological processes might happen in such a cornucopia of possibilities. 

Despite this amount and diversity of strategies, what is exactly at stake in philosophy of 

science in practice and how is it addressed? Is it philosophy of [science in practice] or 

philosophy of science [in practice]? Is the philosophy of science studying the scientific 

practice? Or is philosophy of science only being at practice when dealing with 
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interdisciplinarity? How to practice philosophy of scientific practices; and how to practice 

interdisciplinarity in the philosophy of scientific practices in a way that is simultaneous to the 

scientific activity itself? Despite being referred to as óreal practiceô or ópractice in the real 

worldô, PoSiP is often a philosophy of science of past practice. The majority of the examples 

used in the most recurrent debates come from the final products of science (e.g., models, 

principles, etc., even when regarding explanation construction and scientific understanding). 

Therefore, the scientific practices responsible for the elaboration of these final products are, in 

the vast majority, narratives reconstructed usually from historical cases. In contrast, this thesis 

represents a different approach to PoSiP because it intends to show, through a case study in 

ecology, how philosophy of science in practice can walk hand to hand with ongoing scientific 

practice
2
. 

In order to tackle such a quest, this thesis reflects an interdisciplinary work in the 

philosophy of science in practice. It will be exhibited, through a case study in ecology, how a 

scientist can benefit from PoS (in a case study focused on mechanistic explanation) to 

construct a model of his explanadum. This was only possible because of the effort of a 

collaborative research between two Ph.D. students from distinct areas of knowledge: ecology 

and philosophy. This collaboration also allowed a closer look into the scientific practice in 

order to disclose how explanations in science are constructed and how scientific 

understanding is achieved, enlightening thus how a philosophy of science in practice can 

benefit from a partnership with science. 

 

Lights, camera, action! The starting point 

 

It is well known that explanations in biology often use mechanisms to provide understanding 

of living phenomena. Ecologists, for instance, use mechanisms not only to derive descriptive 

explanations of ecological systems but also to derive predictive models of those same 

systems. Notwithstanding, these mechanisms for long have been constructed with no solid 

framework concerning strategies of modeling and mechanisms construction 3 . So, if 

mechanisms are used to provide understanding, how can understanding exist when there is no 

cogent framework to enable it? Furthermore, acknowledging that ecology shares principles 

and methods with many other disciplines, how is the reliability of these explanatory predictive 

                                                           
2
 I appreciate Dr. Hans Radderôs suggestions for this topic, made at the FWT meetings at VU. 

3
 Is important to notice that mechanisms and models in biology and ecology are constructed mainly on the 

theoretical basis of a particular field, but not with regard to a theoretical framework dedicated specifically to 

elucidate the construction of such representations. 
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models achieved when the framework, needed to parameterizes those data at the construction 

of such mechanisms and models, is absent? And, how does the scientist understand the 

explanation and model he or she is constructing? 

For over a few decades studies in the philosophy of science, especially those dealing 

with scientific explanations, have dedicated attention to understand how mechanisms and 

explanations are related in science. These studies were concerned with ontological, 

conceptual, causal, methodological and practical aspects of mechanisms and models, framing 

what became known as the new mechanistic philosophy of science. They engendered an 

attempt to construct a theoretical framework for mechanistic explanation that yielded a robust 

background for the construction of theoretical models involving mechanisms. Even though 

this theoretical framework is still under construction (being revisited with incredible 

quickness) it has been successfully applied to several areas of research. Unfortunately, the 

attempts to apply such knowledge to ecology are still shy
4
. 

Is it possible for these two areas, philosophy and ecology, to establish a dialogue to 

attempt to fill the gaps in the explanation and understanding of ecological systems? This was 

the leitmotif: can mechanistic explanation, by means of heuristics process, be used to explain 

ecological phenomena? Can heuristics help create explicative models in ecology, while in the 

making? Assuming that it would, how could this happen? 

To answer these fundamental questions it was essential to integrate theoretical 

knowledge from both fields: ecology and philosophy of science. But how? Two Ph.D. 

students (one from HPS and another from Ecology) created heuristics to guide the 

development of an explanatory model of a specific ecological phenomenon. These heuristics 

were elaborated based on ecological theories and on the philosophy of mechanism. This 

communicative bridge was only possible due to mutual collaborative research between both 

Ph.D.ôs, which also granted this thesis an interdisciplinary nature. As a result of this 

enterprise, it is possible to assert that mechanistic explanation was able to explain the 

ecological phenomenon at stake by means of providing an explicative model of the ecological 

system underlying it. Even though in a later moment this mechanistic model was discarded by 

the modeler in order to create a conceptual framework he deems as ñunificationistò, it is 

defended here that mechanistic explanation helped this framework development by means of 

a heuristic toolbox. 

                                                           
4
 Such assumption comes from the survey made of the mechanistic literature (more details in the section on 

methodological features). 
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Thus, the first question that drove this thesis was answered, but what about the other 

ones: does this theoretical model satisfy the major features expected of an ecological 

explanation? If a predictive model was built, based on the heuristics, is it reliable and 

intelligible? In other words, how did mechanistic explanation (from which the heuristics have 

been derived, as instruments) help to explain and understand ecological phenomena? And 

how was the understanding achieved by the scientist? To answer these questions, I deemed 

necessary to take a deeper look at a major contemporary theory that deals with scientific 

understanding, the Contextual Theory of Scientific Understanding (CTSU), and zoom in the 

process that led to the model construction. This process occurred in two distinct moments: the 

heuristics construction and the heuristics application. When looking back at these moments it 

is possible to assert that these heuristics served as instruments toward the model elaboration 

and, according to the conceptual tools of the contextual theory of scientific understanding, 

they worked as displays to assess the scientific understanding of the modeler. 

An important concern comes to life after the attempt at answering these questions. 

Ecology can indeed profit from philosophy of science by means of mechanistic explanation 

and model building via heuristic process. But how can philosophy of science benefit from 

ecology? To answer this question, it is needed to unravel the interdisciplinary and 

collaborative work as well as be attentive to the main pragmatic aspects of philosophy of 

science in practice. Such investigations will be addressed in the next chapters. 

 

Methodological features 

 

As a theoretical project, a philosophy of science in practice (PoSiP) research with an 

interdisciplinary and collaborative component, it is not an easy task to talk about 

methodological features. An attempt will be made in order to make these features more 

comprehensible from the beginning. 

In philosophy of science in practice it is a common exercise to talk about multi- and 

interdisciplinarity but these discussions in ecological research are still apprehensive with no 

consensus on its terminology (TRESS, TRESS & FRY 2004). Previous section showed that 

for this research to achieve its goals it needed to be interdisciplinary and collaborative. The 

idea of interdisciplinarity adopted in this thesis comes from the distinction between multi-, 

inter- and transdisciplinarity proposed by Tress, Tress & Fry (2004) (Table A). Therefore, the 

majority of the discussions regarding interdisciplinarity in this thesis will gravitate around this 

definition, the partnership and the heuristics set derived from this collaboration. 
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A first aim of this interdisciplinarity was to answer if mechanistic explanation could be 

applied to ecology by means of heuristics process. For that it was necessary to bind 

knowledge from both fields: philosophy and ecology. This was reflected in a partnership 

between me, a Ph.D. student in History, Philosophy and Science Teaching, and Jeferson 

Gabriel da Encarnação Coutinho, a Ph.D. student in Ecology, both from the Federal 

University of Bahia (UFBa), Brazil. We gathered together to discuss the literature on 

philosophy of mechanisms and theories in ecology, in order to derive a set of heuristics that 

would guide model building. Thus, two things must be unambiguous: how these meetings 

happened and how was the heuristics set elaborated. 

 

Table A: overview of proposed definitions of research concepts. 

Disciplinarity Takes place within the boundaries of currently recognized academic disciplines, while 

fully appreciating the artificial nature of these bounds and the fact that they are 

dynamic. The research activity is oriented towards one specific goal, looking for an 

answer to a specific question. 

Multidisciplinarity Involves different academic disciplines that relate to a shared goal, but with multiple 

disciplinary objectives. Participants exchange knowledge, but they do not aim to cross 

subject boundaries in order to create new integrative knowledge and theory. The 

research process progresses as parallel disciplinary efforts without integration. 

Interdisciplinarity Involves several unrelated academic disciplines in a way that forces them to cross 

subject boundaries. The concerned disciplines integrate disciplinary knowledge in 

order to create new knowledge and theory and achieve a common research goal. 

ñUnrelatedò means here that they have contrasting research paradigms. 

Transdisciplinarity Involves academic researchers from different unrelated disciplines as well as non-

academic participants, such as land managers, users-groups and the general public, to 

create new knowledge and theory and research a common question. Transdisciplinarity 

combines interdisciplinarity with a participatory approach. 

Source: Tress, Tress & Frys (2004:488). 

 

These meetings, all of them recorded, occurred during a year with montly meetings. 

During that year we discussed the work in the new mechanistic philosophy of science
5
 and the 

main theories in ecology relevant to Coutinhoôs work. It is important to highlight that one of 

the features of mechanistic explanation is its specificity in relation to mechanism-phenomena. 

Therefore, the process of heuristics conception and heuristics set definition was mostly based 

                                                           
5
 We surveyed the literature on the new mechanistic philosophy of science using the combinations of keywords 

ñmechanistic AND explanationò, ñtheories AND mechanistic AND explanationò ñheuristics AND explanationò, 

ñcausality AND scienceò, ñmechanism AND explanationò, ñmechanistic AND explanation AND biologyò and 

ñentities OR activities OR phenomenonò in the platforms Web of Science and Scopus. The articles from the 

ecological literature were those already being used in Coutinhoôs dissertation. 
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on the literature that already existed in the mechanistic literature, but adapted according to the 

features of the ecological phenomenon at stake.  

After that year, more sporadic meetings were realized personally or virtually. Questions 

were also elaborated, whenever needed, in order to fulfill some information gap. 

The dynamics of heuristics construction and application is illustrated in Figure Ia. 

During the discussions of the literature in the meetings, we elaborated together the general 

conception of each heuristics and the heuristics set. Concomitantly with this elaboration 

Coutinho was already applying the heuristics to model the ecological phenomenon. Whenever 

the heuristics were applied this worked as feedback for their improvement. Thus, the 

heuristics influenced the scientistôs practice but the scientistôs practice also influenced the 

heuristics. It is important to highlight that the construction of the heuristics general conception 

was a collaborative work between both Ph.D.ôs. The elaboration of the theoretical framework 

for each heuristic was realized by me and the whole process of applying them to the 

ecological phenomenon was the sole and impressive effort made by Coutinho. 

 

What is this thing called heuristics? 

 

There exists a multitude of ways in which the term óheuristicsô is used throughout the 

different areas of knowledge. In cognitive psychology, for instance, heuristics is mostly 

described as efficient cognitive processes that help the subject make quick decisions and 

judgments (TODD & GIGERENZER 2000; GIGERENZER & GAISSMAIER 2011; 

BOBADILLA -SUAREZ & LOVE 2018). For statistics, heuristics is a simple algorithm that 

turns a vector data set into a similarity graph that is not guaranteed to produce an optimal 

solution (COFFIN & SALTZMAN 2000). In the legal field, heuristics are used as general 

principles that help proceed in an environment that is fundamentally uncertain or 

characterized by some degree of complexity (GIGERENZER & ENGEL 2006). Despite these 

different approaches, this thesis does not aim at somehow integrating them, but instead 

focuses on what these meanings ascribed to the term ñheuristicsò have in common: the 

potential of solving problems. In this investigation, heuristics will possess a three-way 

meaning: óheuristics setô, óheuristics appraisalô and óheuristics processô (Figure Ib). 

The first one, heuristics set, will be the heuristics toolbox to be used in this enquiry. Its 

utilization is twofold. In a first moment, it will serve as an instrument that will guide the 

scientistôs actions for model building. And, in the second moment, the same heuristics set will 
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serve as a display that will allow the philosopher to assess how the scientist created his 

explanation and achieved understanding of his explanandum. 

 

Figure I:  (a) Diagram illustrating the dynamics involving both Ph.D. 

students. (b) Diagram flow illustrating the relation between the different 

uses for the term óheuristicsô in this research. 

(a) 

 

 

(b) 

 

Source: elaborated by the author. 

 

The second one, heuristics as appraisal, targets the duality placed by Nickles (1989), 

namely whether science should occur according to an epistemic appraisal (EA) or a heuristic 

appraisal (HA). On the one hand, epistemic appraisal concerns the standard methods used by 

science, and is considered to possess a retrospective feature because it only allows the 

scientist to think about opportunities according to past results. On the other hand, heuristics 
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appraisal is forward-looking and considers research as an ongoing process, open to the 

intrinsic features of a research process, articulating and aware of the evolving goals. 

Intermittently the word óheuristics processô may appear, and for those moments it is referred 

to both: heuristics set being applied through heuristics approach. 

The difference of EA in relation to HA relates to the possibility of facing questions such 

as: óhow do the sciences evaluate the promise, the fertility of a scientific result or proposal? 

How can scientists, in some cases, be so confident that problems (in the sense of difficulties 

yet unresolved) are solvable without substantial alteration of what is assumed as reliable 

knowledge? Why move in this direction rather than that? Why in this manner? (NICKLES 

1989:176/7). HA is not only identified with original discovery or problem solving but mainly 

with the ability to deal with adversities and the prospect to trigger new fields of problems for 

investigation. And this is exactly why HA was chosen for this investigation, given the key 

role in it of the ability of the scientist to deal with the difficulties, which is often tacit in an 

ongoing scientific practice, e.g., in the construction and application of the heuristics toolbox. 

The third and last meaning, óheuristics processô refers to both previous meanings 

altogether: the act of developing a heuristics set by means of a heuristics appraisal. 

 

Thesis Overview 

 

This thesis is divided into two parts. Each part possesses two chapters. This division was 

made according to the main goals in each part and will be presented below. 

Following the Introduction there is the section Understanding Explanation and 

Explaining Understanding. This section aims to launch the reader into some major 

frameworks discussed throughout the thesis that are of paramount importance in PoSiP 

discussions, by exposing a brief overview on the historical debates related to scientific 

explanation and scientific understanding. Even though the mechanistic explanation literature 

could also be targeted in this section, I chose to expose its framework in Part I for an attempt 

to make clear the distinct investigations of this thesis. Therefore, Chapter One aims to give a 

brief overview about some major notions on which scientific explanation relies, and how they 

relate with the Contextual Theory of Scientific Understanding (CTSU). Considerations are 

made on how models and heuristics relate with explanation and scientific understanding. 

Part I ï Can Mechanistic Explanation Help Construct Models During Scientific 

Practice? The goal is to answer this very same question. To do so Chapter Two brings in the 

case study in ecology on which this thesis is based and exposes the final product of this 
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investigation. Chapter Three will present the main discussions pertaining to the mechanistic 

literature and how mechanistic explanations are used throughout sciences. Considerations are 

made at the Preliminary Conclusions regarding the process of model building and explanation 

development in the case study. 

Part II ï How is Scientific Understanding Achieved During Scientific Practice? This 

part is intended to apply the Contextual Theory of Scientific Understanding to the case study 

in ecology. Chapter Four will zoom in the scientific practice of model construction and its 

relation to scientific understanding. Chapter Five explores how the process of achieving 

understanding happened in the case study and elaborates a model of understanding. The 

Preliminary conclusions discuss how the scientific understanding model relates with the 

scientific process of model construction and the contextual theory of scientific understanding. 

Conclusions ï Interdisciplinarity and heuristics as a toolbox for Philosophy of Science 

in Practice. This part defends tthat PoSiP can benefit from interidisciplinarity, via heuristics, 

as a toolbox to achieve its goal of understanding how science is made. And finish by bringing 

attention to some features of collaborative and interdisciplinary work that still need to be 

developed in further researches. 

A clarification is needed in order to grasp the relation between the thesis parts and the 

collaboration in the case study. The mutual collaboration between me and Coutinho only took 

place in Part I of this research, and that is why is referred in the first person of the plural 

(=we). In Part II, however, the collaboration had ceased to happen. From this moment I step 

out from a position of collaborator and put myself exclusively in a position of philosopher of 

science. That is why from Part II onwards it is used the first person on singular (=I). This will 

also avoid further confusions that may happen concerning who is doing the investigation and 

what (sometimes who) is being investigated. 
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a historical debate in a nutshell 
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1 FROM SCIENTIFIC EXPLANATION TO SCIENTIFIC UNDERSTANDING  

 

 

Explaining and understanding natural phenomena are the raison dô°tre of science (DE REGT 

& DIEKS 2005; BAUMBERGER, BEISBART & BRUM 2017). In early philosophy of 

science, mid-19th century, the notion of understanding has routinely been attributed to the 

notion of explanation, almost as if they were synonyms6. Even in the second half of the 20
th
 

century, examples can be found in philosophical works, such as Salmonôs (1984:ix) Scientific 

Explanation and the Causal Structure of the World: ñwe secure scientific understanding by 

providing scientific explanations; thus our main concern will be with the nature of 

explanationò. Thus, the importance of understanding was tacitly acknowledged but its nature 

and structure remained unanalyzed (DE REGT 2017:x).  

Epistemological investigations, in a broad sense, used to pay attention to the nature and 

possibility of knowledge conceived as justified true belief, according to the classical 

definition stated by Socrates in Platoôs dialogues Theaetetus and Meno. This was the starting 

point of contemporary epistemological discussions on the value problem of knowledge. 

Scientific understanding, in turn, had only become attractive to philosophers of science in 

recent decades with questions such as: what is understanding and what kinds of intellectual 

achievement does it constitute? (BAUMBERGER, BEISBART & BRUM 2017). 

Explanations possess many virtues ï for example, they may elucidate causal relations, 

describe underlying mechanisms, unify phenomena, shed light on the reducibility of a domain 

(TROUT 2005). Additionally, explanation does not only matter for its own sake but also 

because it may produce understanding. In spite of the massive debate concerning explanations 

and understanding in epistemology, the notion of understanding in science gravitates around 

two major accounts of scientific explanation: the causal-mechanical and the unificationist 

theories. 

Section 1.1 of this chapter introduces the major theories of scientific explanation and 

exposes some examples of how they relate to biological explanations and, in particular, 

ecological explanations, besides introducing some instances from our case study of 

pollination services in agricultural systems. Section 1.2 exposes the contextual theory of 

scientific understanding (CTSU) and how it embraces both theories of scientific explanation, 

                                                           
6
 One of the reasons for such may be found in the etymology of the Greek word episteme ( ˊɘůŰ ɛɖ), since in 

ancient philosophy episteme had the meaning of both knowledge and understanding (BAUMBERGER, 

BEISBART & BRUM 2017). 
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unificationist and causal mechanical, as conceptual tools for achieving scientific 

understanding.  

 

1.1 Scientific explanations 

 

1.1.1 The causal-mechanical theory 

 

In the causal-mechanical conception, causality is the standard for intelligibility. Salmonôs 

theory of causality reasons that ñcausal processes, causal interactions, and causal laws provide 

the mechanisms by which the world works; [thus] to understand why certain things happen, 

we need to see how they are produced by these mechanismsò (SALMON 1984:132). In such 

perspective, two elements are central: causal interactions and causal processes. Causal 

interactions generate and modify causal structure and causal processes are the way in which 

causal influences are transmitted (SALMON 1998). Therefore, ñunderlying causal 

mechanisms hold the key to the understanding of the worldò (SALMON 1984:260). Salmon 

distinguished two forms of scientific understanding that would be merged, however, into what 

he regarded as a ñfinal theoryò: 

 

In the course of this discussion, I shall examine two general forms of 

scientific understanding, both of which are available to us, and which are 

neither incompatible with each other nor contrary to the rigor and objectivity 

of the scientific enterprise. The first of these involves understanding our 

place in the world and knowing what kind of world it is. This kind of 

understanding is cosmological. The second involves understanding the basic 

mechanisms that operate in our world, that is, knowing how things work. 

This kind of understanding is mechanical. If, however, a final theory should 

be found, encompassing both practical physics and cosmology, then the two 

kinds of understanding would merge into one at the most fundamental level 

(SALMON 1998:81). 

 

As discussed by De Regt & Dieks (2005), Salmon does not claim that causal-

mechanistic explanation is a prior condition for scientific understanding because he 

acknowledges that this type of explanation is not applicable to all situations. Notwithstanding 

they argue that Salmon does not subscribe to a pluralistic position because he defends that 

causal analysis is the best one to provide understanding when compared to others. In other 

words, it is a privileged account toward scientific understanding. 

Critics of the causal-mechanical conception assert that Salmonôs model may not explain 

all domains of reality (cf. DE REGT & DIEKSô [2005] discussion of the Einsten-Podolsky-

Rosen paradox). Furthermore, scientists sometimes choose not to use a model or theory even 
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when it is applicable (e.g. Bohmian theory, ibid). Therefore, the causal-mechanical 

explanation will always face the possibility of being replaced in science, along the history of 

scientific thinking. And this places its intelligibility in an endangered position. 

In biological sciences, however, the causal-mechanical account is widely used, 

especially in fields like neurobiology, molecular biology, biochemistry, among others (e.g. for 

explaining how neuron chemical synapses or protein synthesis work; see, for instance 

MACHAM ER, DARDEN & CRAVER 2000, CRAVER 2007). Causal reasoning has also 

been widely employed in ecological studies, from the individual level, for instance to account 

for plant interactions with microbes and insects (PIETERSE & DICKE 2007), to spatial 

levels, for example, large-, meso-, small- and smallest levels as portrayed by the modeler in 

our case study (see Chapter 4, Sect. 4.3). For instance, the way the concept of functional 

diversity is used in ecology illustrates the importance of causal-mechanical reasoning, as it 

will also be clear in our case study, because functional explanations are used to causally 

connect aspects of biodiversity with processes and properties of an ecosystem (LOREAU 

2010; DIAZ et al. 2007, REISS et al. 2009).  

 

1.1.2 The unificationist theory 

 

The unificationist conception, mainly defended by Friedman (1974) and Kitcher (1981, 1989), 

presents a very attractive image of what explanatory understanding should be. According to 

these authors, a theory that best provides a scientific understanding of the world is a theory 

that embraces and unifies other theories and/or a diversity of phenomena:  

 
Science increases our understanding of the world by reducing the total 

number of independent phenomena that we have to accept as ultimate or 

given. A world with fewer independent phenomena is, other things equal, 

more comprehensible than one with more (FRIEDMAN 1974:15). 

 

Understanding the phenomena is not simply a matter of reducing the 

ófundamental incomprehensibilitiesô but of seeing connections, common 

patterns, in what initially appeared to be different situations. [é] Science 

advances our understanding of nature by showing us how to derive 

descriptions of many phenomena, using the same patterns of derivation again 

and again, and, in demonstrating this, it teaches us how to reduce the number 

of types of facts we have to accept as ultimate (KITCHER 1989:432). 

 

The major advantage of the unificationist theory is that its applicability is very general. 

After all, any theory is capable of providing understanding because it reduces the types of 

facts to derivation patterns: ñno matter what its specific features are, if a theory turns out to be 
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the maximally unifying systematization of a particular body of knowledge [é] it provides 

genuine explanations and understandingò (DE REGT & DIEKS 2005:147). 

As it is widely recognized, unification is important in science and has been playing 

important roles in the history of science (often cited cases in point are, e.g., Maxwellôs theory 

of electromagnetism and Darwinôs evolutionary theory, see MORRISON 2000). But this does 

not mean that the quest for unification is always motivated by a desire of understanding, even 

though Kitcher (1989) assumes that understanding a theory is a requirement to produce 

scientific knowledge and to achieve understanding is deemed a cognitive ingredient: an 

internalization of the argument patterns. De Regt (2017:115) defends that in the unificationist 

notion understanding can only be achieved in an indirect way, in his words, ñthe 

understanding-providing feature of unification (in Kitcherôs sense) is the fact that it allows us 

to see analogies between theories in the form of similar argument patterns, which extends the 

range of a particular skillò. 

De Regt & Dieks (2005) object that Kitcherôs assertion is a non sequitur because 

reducing the number of arguments is not the only way to increase scientific understanding. 

For instance, they agree that seeking analogies between theories may help achieve 

understanding but they also recognize that understanding can be increased when scientists 

internalize one or two argument patterns instead of reaching a whole unification. For De Regt 

& Dieks (2005:149), this would be a preferable scenario since scientists would be better 

equipped to employ the separate argument patterns rather than the unified one. 

As it has been already acknowledged by several authors, as, for instance, Leonelli 

(2009), biology is a very disunified science, and thus it is not a strange approach in 

contemporary biology to use an unificationist effort to connect different types of models and 

theories. One example of its application in biology is the emerging approach in taxonomy 

called integrative taxonomy. This approach aims to hold every sort of taxonomic evidence 

together (morphological, geographical, genetic, DNA barcoding data, and so on) in order to 

evaluate taxonomic categories and phylogenetic relations. Defenders of this procedure claim 

that it might solve disagreement among disciplines over the number and demarcation of 

species (SCHLICK-STEINER et al. 2010; for integrative taxonomy, see DAYRAT 2005; for 

different taxonomic traditions, see SIMPSON 1961; SOKAL & SNEATH 1963; HENNIG 

1966; MAYR 1969; WILEY 1978; HULL 1988; NELSON 1989; CHRISTOFFERSEN 1995; 

DE PINNA 1999; AMORIM 2002).  

In ecology it is not different. Ecological systems are influenced by multiple drivers at 

different spatial and time scales. Many of these drivers interact in a complex and non-linear 
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way, which makes them very challenging to model. In such circumstances one alternative is 

to combine different principles in order to create a theory more adequate to explain complex 

systems. An example from our case study is the creation of predictive schemas by the modeler 

that combine two or more theoretical approaches of metacommunity theory: for instance 

species sorting and patch dynamics, or species sorting and mass effect (see Chapter 4, 

Sect.4.1.9). Another example from our case study is the model developed by the modeler at 

the end of his Ph.D. work, in which he brings together elements from distinct fields, namely 

the functional diversity of bees in an agroecosystem, and a conceptual framework unifying 

ecology, mechanistic explanation and complex systems sciences (Chapter 2). 

 

1.2 Scientific understanding 

 

1.2.1 The contextual theory 

 

The contextual theory of scientific understanding (DE REGT& DIEKS 2005) elaborates on 

the idea of variations in standards of intelligibility in scientific practice, because it admits that 

scientific understanding should account for the contemporary and historical practice of 

science. Nonetheless, the intelligibility  standards do not claim a status of exclusiveness and 

immutability because the authors recognize the importance of changing contexts. Therefore, 

to achieve understanding is a macro-level aim (considering science as a whole), even though a 

scientist's view at the precise moment when understanding is achieved may be contextually 

situated at a meso- (say, scientific communities) or micro-level (say, individual scientists) 

(DE REGT & DIEKS 2005:165, DE REGT 2017).  

Considering that one of the universal epistemic aims of science is understanding, and 

scientific understanding of phenomena requires theories, which therefore must be intelligible, 

De Regt & Dieks (2005) assume intelligibility as a context-dependent feature concerning 

theoretical virtues as well as scientistsô skills. Accordingly, intelligibility is needed for 

scientists to be able to use theories in order to generate explanations and predictions. From 

such a perspective these authors elaborate on the Criterion for the Intelligibility of a Theory 

(CIT) that incorporates pragmatic and contextual features of understanding: 

 

CIT : A scientific theory T is intelligible for scientists if they can recognize 

qualitatively characteristic consequences of T without performing exact 

calculations. 

 



34 

 

Therefore, in the contextual theory of understanding, a privileged status of particular 

standards of intelligibility (e.g. causality, visualizability, unifying power) as necessary 

conditions for understanding is not assumed. Instead, what is defended is that such 

intelligibility standards function as contingent tools to achieve scientific understanding 

because they help scientists intuitively see the consequences of a scientific theory, fulfilling 

then the requirements of CIT (DE REGT & DIEKES 2005). 

 

1.2.2 De Regtôs Account of Intelligibility 

 

In Understanding Scientific Understanding, De Regt (2017) presents an improved version of 

the contextual theory of scientific understanding. He aims to construct a general theory of 

scientific understanding that should be pluralistic and independent of any specific model of 

explanation. This would allow the possibility that understanding be achieved via different 

explanatory strategies. 

What is asserted by this theory is that to achieve scientific understanding it is first 

necessary to understand the theories used to explain phenomena, and, therefore, theories must 

contain arguments that are intelligible for the scientist to understand. In other words, ñ[o]nly 

intelligible theories allow scientists to construct models through which they can derive 

explanations of phenomena on the basis of the relevant theoryò (DE REGT 2017:92). It is 

important to highlight that De Regtôs intelligibility requirement relies on the following 

Criterion for Understanding Phenomena (CUP): 

 

CUP: A phenomenon P is understood scientifically if and only if there is an 

explanation of P that is based on an intelligible theory T and conforms to the 

basic epistemic values of empirical adequacy and internal consistency (ibid). 

 

The basic idea of the theory continues to be that explanatory understanding requires 

intelligible theories. Regarding intelligibility, is important to notice that: (i) it is not an 

intrinsic property of theories but a context-dependent value ascribed to theories; (ii) it is 

defined as the value scientists attribute to the clusters of qualities of a theory that facilitate its 

use; and (iii) it is a measure of how fruitful a theory is for the construction of models by 

scientists in a particular context (DE REGT 2017:passim).  

In an attempt to preclude the apparently purely subjective value judgment of (ii), De 

Regt elaborates a measure (iii) that allows the evaluation of the intelligibility of a theory 

according to its historical context (i), as follows: 
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CIT 1: A scientific theory T (in one or more of its representations) is 

intelligible for scientists (in context C) if they can recognize qualitatively 

characteristic consequences of T without performing exact calculations 

(ibid:102). 

 

The CIT1 proposed by the author is appealing for pragmatic accounts of scientific 

practice and is in accordance with what is needed to understand a phenomena (UP) and to 

understand a theory (UT), as follows: 

 

UP: understanding a phenomenon = having an adequate explanation of the 

phenomenon (relating the phenomenon to accepted items of knowledge). 

 

UT:  understanding a theory = being able to use the theory (pragmatic 

understanding) (ibid:91). 

 

In our case study the CIT1 demands are well reflected in several moments during the 

processes of heuristics application. One example is found in the heuristic ñchanges in 

operational componentsò (Sect.4.1.9), through which the modeler was capable of producing 

several predictive scenarios without the utilization of specific and precise instruments. These 

scenarios were developed after a meticulous evaluation of which approaches from the 

metacommunity theory should be employed to best fit the specificities of the phenomenon. 

This practice reflects some sort of understanding of the theories (UT) that the modeler was 

dealing with and are required for the understanding of the phenomenon of interest (UP). 

The theory of intelligibility relies, then, not only on the qualities of the theory per se, 

but also on the scientists. The capacity of scientists to judge the intelligibility of a theory will 

depend, in turn, on their skills and background knowledge. In such a scenario, scientists need 

conceptual tools associated with their skills to use a specific theory in order to generate 

explanation and understanding of the phenomena (DE REGT & DIEKES 2005; DE REGT, 

LEONELLI & EIGNER 2009). According to the history and practice of science, scientists 

will choose the tools that are more apt to achieve their goals, and for attaining understanding. 

Therefore, there exists a variety of such tools, according to the period and disciplines. 

Examples of these conceptual tools are: visualizability, causal reasoning, continuity, 

mathematical abstraction, and others (DE REGT 2017:85).  

The author also suggests that there might exist a link between visualization and 

understanding, and between visualizability and intelligibility. Visualization is regarded as a 

useful guide to achieving scientific understanding, while visualizability is a theoretical quality 

that may enhance intelligibility. Visualizable theories are often regarded as more intelligible 
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than abstract ones, because many scientists prefer visual reasoning in the construction of 

explanations of phenomena, using pictorial representations or diagrams as tools. Several 

scientists in the history of physics have relied on visual power to enhance a theory. Examples 

include Richard Feynmanôs diagrams and Erwin Schrºdinger`s defense that the only way to 

acquire understanding of nature is to build theories visualizable in space and time. However, 

visualization is not a necessary condition for understanding (ibid). 

In our case study, visualizability played a major role in intelligibil ity, as it will be clear 

in the heuristics ñmechanism schemaò (Sect.4.1.2), ñhierarchical structureò (Sect.4.1.3) and 

ñchanging in operational componentsò (Sect.4.1.9). The construction and visualization of 

pictorial diagrams by the modeler helped him in structuring his theoretical background and in 

organizing data related to the phenomenon (Chapters 2 and 4). 

Causal reasoning functions as a tool not only because it allows us to explore the 

underlying structure of the world, but also because it improves the abilities concerning 

predictions of a specific system under particular conditions. De Regt (2017:115) also asserts 

that this view is closely connected to Woodwardôs (2003a, 2003b) manipulationist theory of 

causation, because it defends that scientific understanding can be achieved by being 

instrumentally successful in answering questions about the behavior of a system.  

Other tools also related to causality aspects are productivity and continuity. The 

productive continuity is the capability of a system, a causal mechanism in this case, to be 

intelligible. Intelligibility for such a mechanism relies on the explicit connections between the 

stages in a mechanism, in other words, the continuity of the actions between the components. 

In other words, a mechanism is more intelligible when there are no gaps or black boxes 

interfering with the clear exposure of the relations among its components (MACHAMER, 

DARDEN & CRAVER 2000). In our case study of pollination services, the causal reasoning 

functioning as conceptual tool is represented in the heuristics ñoperational component 

distinctionò (Sect.4.1.5) and ñevidence frequencyò (Sect.4.1.6). 

As one may have already realized, the conceptual tools are not isolated in themselves; 

on the contrary, they might add to each other in order to grant the necessary intelligibility of 

the hypotheses or theories or propositions. It is in this sense that the unifying power functions 

as a tool. To sum up, conceptual tools allow skilled scientists to recognize the features and 

consequences of a scientific theory and thereby facilitate model building.  

According to De Regt (2009, 2017), skills and judgment cannot be reduced to rule-

following procedures because they change according to the historical, social or disciplinary 

context. Such skills will depend on which theory the scientist is dealing with, and on the 
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pragmatic virtues of it. For instance, the construction of a model relies on a specific 

theoretical framework that demands from the modeler specific skills concerning the 

theoretical properties. Those skills may vary from expertise techniques (e.g. lab work, data 

collection), to grasping and intuitive judgment. 

De Regt (2017) elaborates on Gigerenzerôs (2007) psychological notion of intuitive 

judgment, according to which intuitive judgments are not obscure, but, on the contrary, are 

produced by heuristics usually developed in an evolutionary process of adaptation to the 

environment. Gigerenzer (ibid) acknowledges the reliability of intuition and its role in 

decision-making processes, and defines intuition as judgment that arises immediately in 

consciousness, without full awareness of underlying causes (for contrary views, see 

KAHNEMAN 2011): 

 

While Gigerenzer focuses on decision processes in everyday life and 

professional contexts, it seems plausible that similar mechanisms are at work 

in scientific practice. This would support my thesis that skill and intuitive 

judgment play a central role in the process of achieving scientific 

understanding. If a theory is intelligible to scientists because its theoretical 

qualities match their skills, they can reason ñintuitivelyò with it. Like our 

everyday intuitive skills, scientistsô skills are the outcome of a complex 

learning process in which their evolved cognitive capacities interact with the 

environment in which they find themselves (that is, the historical and 

disciplinary context of their science) (DE REGT 2017:110). 

 

The notion of grasp plays a minor role in De Regtôs intelligibility account. He asserts 

that the intelligibility of a theory implies the possibility of grasping how its predictions are 

generated. He acknowledges that grasp is a feeling for the consequences of the theory in 

concrete situations, being a rough, general idea, not an emotion or an immediate intuition. 

Grasping, then, suggests that it is possible to understand how a theory works without being 

able to use it for making calculations (ibidem). Even though De Regt highlights this 

difference, it appears that the notion of grasp is closely related to the notion of intuitive 

judgment, and perhaps this could be one of the reasons for grasp being a secondary element in 

his theory. The notion and role of grasp generate a highly controversial debate and will be 

readdressed in subsequent chapters. 

The criteria for understanding and intelligibility presented by De Regt form the basis of 

an account of scientific understanding in which explanation, understanding and prediction are 

interrelated epistemic goals of science. Scientists use their expert skills to construct models of 

the object or system they want to understand scientifically. Model construction is partly a 

matter of making the right approximations and idealizations, which require skillful uses of the 
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available conceptual tools. The ability to predict ï the recognition of qualitative consequences 

of the theory, as expressed in CIT1 ï shows that scientists have such understanding, or in 

other words, that the theory is intelligible to them. 

 

1.3 Final considerations 

 

This chapter presented the main theories of scientific explanation and how they are embraced 

by the contextual theory of scientific understanding. The CTSU defends that the unificationist 

and causal-mechanical theories of explanation are used as instruments, the conceptual tools, 

helping scientist achieve understanding. Some examples of their employment in biology, 

ecology and our case study were preliminarily provided. What will be shown in Chapter 3 

(Preliminary conclusion) from our case study is that the causal-mechanical theory provided 

the starting point for model building and explanation development. Notwithstanding, during 

the process of modeling and explaining it was possible to perceive a shift from mechanistic to 

unificationist reasoning. It will be explicitly exposed in Chapter 4 that both accounts of 

scientific explanation were successfully applied for the purpose of explaining our case study 

of pollination services in agricultural systems. Why did these subtle changes happen and how 

did the scientist perceive his data, phenomenon and explanation? To answer these questions, it 

is necessary to take the heuristics out of the black boxes, and expose how they were applied. 

If we grasp how the modeler elaborated his explanation step by step, we may be able to solve 

these issues. The better way to do so is to evaluate his scientific practice by means of the 

contextual theory of scientific understanding, since this is the only theory of understanding 

that considers the scientific practice as content- and context-dependent. An assessment of how 

the modeler understood the model and explanation he constructed will be developed in 

Chapters 4 and 5.  
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PART I  

 

Can mechanistic explanation help scientists construct models during scientific 

practice? 
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INTRODUCTION  

 

 

Unraveling what a scientific explanation consists of has been one of the most central topics in 

the philosophy of science throughout the twentieth century (BRAILLARD & MALATERRE, 

2015). Although explanations in biology by means of mechanisms have long been debated, 

most recently in relation to different fields of science such as neurobiology, molecular 

biology, and sociology, there has appeared a new philosophical debate about mechanisms and 

explanations at the turn of the 21
st
 century (MACHAMER, DARDEN & CRAVER 2000). 

Unlike the reductionist view of the classical causal-mechanical relation, this approach ï the 

new mechanistic philosophy of science ï embodies new perspectives on mechanistic 

explanations, which intend to take into account notions such as hierarchical levels and 

complex systems (BECHTEL & RICHARDSON [1993]2010). 

Roughly, a mechanistic explanation requires providing an account of a mechanism to 

explain a particular phenomenon. Most scientists who adopt this view assume that behind 

every phenomenon in nature, there exists a mechanism that produces it and thus can help us 

unravel how the phenomenon comes to be. Thus, to describe such mechanism is to explain the 

phenomenon per se (CRAVER & BECHTEL, 2006:469). In other words, ñmuch of the 

practice of the science can be understood in terms of the discovery and description of 

mechanismsò (MACHAMER, DARDEN & CRAVER 2000:2). In the light of it, the focus of 

Part I of this thesis lies in this sort of scientific explanation, the mechanistic one. 

In spite of the literature on mechanisms been hunched mainly over historical cases, the 

idea of this thesis is to work with science in the making. We intend to investigate the 

contributions of the literature on the new mechanistic philosophy of science for the scientific 

activity of building explanatory models in ecology. What is being questioned here is not only 

the prospect of this sort of explanation be as successfully applied to ecology as it is to the 

other sciences quoted above, but also if heuristics developed from the philosophy of science 

can contribute to ecology in the making. Therefore, this chapter will reflect on the interaction 

between ï two distinct but nevertheless connected ï epistemological and ecological projects, 

in order to answer the following question: can the new mechanistic explanation, by means of 

heuristics, helps scientists construct models while doing science in practice? 

There are a few records so far of the new mechanistic explanations applied to ecological 

studies (see PÂSLARU 2009, 2015), suggesting that the dialogue between the philosophy of 

science and ecological sciences can be fruitful, justifying the intentions of the current work. 
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Regarding the ecological project at stake, there exists an interest (concerning management) in 

developing a model for a specific phenomenon in ecology ï the community organization of 

autochthonous bees and pollination service maintenance in agricultural systems, which 

constitutes our case study. And with respect to the epistemological project, there exists an 

interest in realizing if the mechanistic explanation is viable to explain ecological matters, and 

if heuristics developed from the philosophical literature can contribute to ecology in the 

making. Thus, on one side of the study, we need to consider ecological knowledge about the 

phenomenon itself, and on the other knowledge arising from the literature on mechanistic 

explanation in recent philosophy of science. These conceptual bases combined provided 

information that enabled the development of a heuristics set. These heuristics served as a 

guideline for model construction. 

As already stated in the Introduction to the thesis, with the utilization of the heuristics 

set the mechanistic model was successfully constructed by the modeler. We already know that 

this model was discarded by the scientist in order to create a theoretical framework that he 

describes as ñunificationistò. The idea of Part I is to show what is our case study, what is this 

new mechanistic philosophy of science, how is the heuristic set composed, what is the 

mechanistic model created, and at last what is the theoretical framework that emerged from 

this process. In this sense, Part I is structured as follows. Chapter 2 presents our case study 

ñthe community organization of autochthonous bees and pollination service maintenance in 

agricultural systemsò and its main features. Chapter 3 brings major ideas from recent 

philosophical studies on mechanistic explanation conjoint with more classical efforts to 

elucidate this kind of explanation. Preliminary conclusions will be drawn with the exposition 

of the heuristics set elaborated according to the information derived from Chapters 2 and 3, 

besides presenting the mechanistic model and theoretical framework created by the modeler. 

It is important to highlight, that the heuristics set will be only presented as a table in this part 

of the thesis. Its main theoretical content and how it was constructed will follow in Part II. 
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2 FUNCTIONAL COMPOSITION OF AUTOCHTHONOUS BEE 

COMMUNITIES IN AGRICULTURAL SYSTEMS  

 

 

The new mechanistic philosophy of science has been very successful when used to account 

for how mechanistic explanation is carried out in several scientific areas, such as biochemistry 

(Na+ channel depolarization), molecular biology (DNA transcription), neuroscience (neuronal 

chemical synapses), and so forth. Notwithstanding, this kind of explanation has been less 

frequently applied to ecological systems, and there were also less philosophical works 

devoted to elucidate mechanistic explanation in ecology, as we perceived from the outcomes 

of a literature survey performed as exposed in the section ñmethodological featuresò above. 

One of the putative reasons, we believe, it is because ecological systems are influenced by 

multiple drivers at different spatial and time scales (NELSON et al. 2006). Many of these 

drivers interact in a complex and non-linear way, adding to the challenges of modeling 

ecological systems and processes, especially from a mechanistic perspective. But considering 

that the new mechanistic perspective deals with multilevel systems with inputs and outputs, 

and also with features like hierarchies and nonlinearities, arose the issue whether mechanistic 

explanation conceived according to this perspective could help ecology in the process of 

explaining and building models for dealing with these complex and non-linear drivers. 

This chapter aims to expose major theories and principles in ecology that are most 

relevant for our case study (the functional composition of autochthonous bee communities in 

agriculture systems), according to the modeler himself. Section 2.1 will expose what is the 

phenomenon we are dealing with and some intrinsic features of it. Section 2.2 will address the 

most relevant ecological concepts, principles and theories connected to our case study. 

 

2.1 Why bees?7 

 

The ecological phenomenon of this endeavor is entitled by the modeler as the functional 

composition of autochthonous bee communities in agriculture systems in the Mucugê-Ibicoara 

agricultural pole, Chapada Diamantina National Park (PNCD), Bahia, Brazil (Figure II).  This 

complex sentence, in other words, means that what it is going to be investigated and modeled 

is how the community of native beeôs organize themselves in relation to their functional role 

(such as pollination) in agricultural systems located inside this National Park.  

                                                           
7
 see Coutinho (2018: manuscript). 
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Why bees? Bees are the most important organisms concerning pollination services in 

most regions of the world (KLEIN et al. 2007). They are responsible for the pollination of 

approximately 70% of crops around the world and for the pollination of more than 80% of 

angiosperms. Agricultural systems show an intricate set of ecological and non-ecological 

characteristics that define their dynamics. For instance, decisions in landscape management 

that aim at suppressing native vegetation may affect negatively several groups of species, 

through habitat loss. These groups may be involved in different ecosystem services, e.g. water 

depuration, nutrient cycling in the soil, biological pest and pollination control. All these 

services are intimately connected with food supply for human societies and other biological 

communities (COUTINHO, personal communication). 

 

Figure II : (A) Brazil represented in gray and Bahia state represented in orange; (B) 

within Bahia state, the studied area is shown in red and Chapada Diamantina National 

Park in yellow; (C) geographical delimitations of the studied area. 

 
Source: modified from Coutinho (2018:manuscript).  

 

The medium and long-term forecast is that intensive land use is not consistent with the 

management stability of agricultural systems in time and space. To keep stability, it will be 

necessary to restructure land use so as to be compatible with biodiversity conservation and 

ecosystem services. This is the reason why the connection between biodiversity and 
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ecosystem services has been proposed via functional diversity of ecosystem services providers 

(ESPs). Such assumption is accepted because of the unequal contributions of distinct species 

for the magnitude or stability of ecological functions related to ecosystem services. 

(COUTINHO 2018:manuscript). 

 

2.2 Ecological framework
8
 

 

The ecological framework exposed in this section was selected by the scientist according to 

what he judges relevant for the phenomenon to be modeled. This framework was referred by 

him as the ñmain theoretical pillarsò in which the phenomenon lies on, and consequently it 

was analyzed together with the mechanistic literature for the elaboration of the heuristics set. 

This framework includes: (i) theories in landscape ecology, (ii) properties of complex 

systems, (iii) natural history of the systemôs attributes (e.g. plants and bees), and (iv) 

metacommunity theories. In order to provide a better picture of our case study, we will 

describe each component of the theoretical framework in turn. 

Landscape ecology is characterized by two distinct views: (a) a geographic approach, 

and (b) an ecological approach. The first one concerns the interactions between human beings 

and their environment, while the second one focuses on ecological processes and patterns. An 

integration between these approaches has been proposed by Metzger (2001), as we will 

expose below. 

The geographical approach studies the influences of human beings over the landscape, 

considering in particular how we manage the territory. There are three main issues that 

characterize this view: (i) the concern about planning the territory occupation; (ii) the study of 

the landscape deeply modified by human beings ï the ócultural landscapeô; and (iii) the 

analysis of such large areas. In this sense, landscape ecology is not focused on bio-ecological 

studies and may be defined as a holistic discipline. This perspective combines knowledge 

from several areas, such as sociology, ecology, biogeography, geology, and geography. Its 

main goal is the total understanding of the landscape (mostly cultural) and the territory 

planning (METZGER 2001). 

In turn, the ecological perspective emphasizes the importance of the relation between 

ecological processes with their spatial context for biological conservation. In this view 

landscape is characterized as (i) a heterogeneous area composed of a cluster of interacting 

                                                           
8
 The information of this section was extracted from Coutinho (2018:manuscript) and personal communication. 
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ecosystems; (ii) a mosaic of distinct landforms, diverse vegetation, and land usage (see 

URBAN et al. 1987); and (iii) an area spatially heterogeneous. This approach favors the 

natural landscape, and the use of landscape ecology for biodiversity conservation and 

management of natural resources (METZGER 2001). 

Metzgerôs effort is virtuous because it realizes that these two perspectives do not 

exclude each other. Instead, they can be quite complementary since both are spatially explicit, 

deal with heterogeneous spaces, and consider multiples scales in the analysis. The unified 

notion advanced by Metzger conceives the landscape as ña heterogeneous mosaic composed 

by interactive landscape units, where heterogeneity exists for at least one parameter, one 

specific observer and a particular scaleò (METZGER 2001:1). Thus, the landscape continues 

to be a visual entity that is entirely dependent on the observer and the scale at which it is 

observed. 

Considering the second ñmain pillarò, properties of complex systems, it was necessary 

to make choices among the several definitions and debates about complex systems in the 

natural sciences (see BERTALANFY [1968] 2014), economy (see FERGUSON et al. 2003), 

epidemiology (see HALDANE & MAY  2011), education (see MORIN, 2014), and other 

fields. In this research we adopt the idea of complex systems as showing eight attributes 

(FILOTAS et al. 2014): (a) heterogeneity, (b) hierarchy, (c) self-organization, (d) openness, 

(e) adaptation, (f) memory, (g) non-linearity and (h) uncertainty (see SOLÉ & GOODWIN 

2000; BOCCARA 2004; MITCHEL 2009). These properties are found in a variety of 

biological, social and physical systems, which are the objects of study of complex systems 

science (CSS) (MITCHEL 2009, FILOTAS et al. 2014:2). CSS enables to yield insights and 

comparisons between complex systems and is useful for understanding ecosystem structure 

and dynamics. This approach will be extremely important concerning our ecological 

phenomenon to be modeled because it can be used in systems of all scales, sizes, and 

functions (FERGUSON et al. 2003, FILOTAS et al. 2014:2). 

Complex systems are systems with usually distinct components that interact over a 

variety of spatiotemporal scales (see LEVIN 1992; GREEN & SADEDIN 2005). Such 

interactions cannot be calculated simply by the summing of the dynamics of individual 

components because they produce a variety of reactions that guide the system dynamics. 

Thereby, heterogeneity is an important characteristic of the dynamics of complex systems and 

is also crucial to the management of their response and resilience (FILOTAS et al. 2014). 

This heterogeneity is evidenced by the nature of the components, their behavior, structural 

organization, spatial localization, and history.  
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The second attribute, hierarchy, asserts that the components of a complex system are 

organized hierarchically at different levels or scales. This multilevel structure assures a 

network where the phenomenon is realized through the interaction between the scales (see 

SIMON 1962; LI 2000). In the hierarchical model advanced by Filotas et al. (2014:6), the 

most different dimensions are considered, such as ecosystem services, forest products (and 

their users), local communities, government, and social and economic scope of industries. 

Self-organization, the third attribute, concerns a series of actions between the 

components at one level that results in a product at another level. This may affect other 

components trough feedback (see PERRY 1995; LEVIN 2005). Self-organization occurs 

spontaneously and is frequently connected with the emergence of remarkable spatiotemporal 

patterns (FILOTAS et al. 2014).  

The fourth attribute, openness, means that the dynamics of the system are influenced by 

outside factors. Due to cross-scale interactions and emergent phenomena, these dynamics are 

not easy to delimit (CUMMING & COLLER 2005; FILOTAS et al. 2014). 

Adaptation, the fifth attribute, is the capacity of the system to adjust towards 

disturbances resulting from external inputs. Such attribute is intimately related to the concept 

of ecosystem resilience (GUNDERSON & HOLLING 2002, FILOTAS et al. 2014). 

Notwithstanding, the difference between these concepts is that adaptation allows the system to 

modify and reorganize its components and functions when confronted to disturbances 

(PARROT & LANGE 2013, FILOTAS et al. 2014), and ecological or ecosystem resilience 

refers to the capacity of the system of absorbing change and disturbance without changing its 

behavior regime (HOLLING 1973, GUNDERSON 2000). A behavior regime can be defined 

as a series of stable states that repeat themselves over time, with a certain periodicity but not 

precisely. When disturbed up to a certain limit (the resilience threshold), the behavior regime 

shifts to transient states for a time interval but eventually returns to the repeating series of 

states. There can happen, however, that disturbance surpasses the resilience threshold and 

then shifts in behavior regime take place, leading to a different kind of system in relation to 

the system that previously existed. 

The sixth attribute, the memory of a complex system, concerns the information from past 

events that influences future dynamics of a system and, accordingly, its structure and 

composition through feedbacks and constraints (ANAND et al. 2010, PARROT & LANGE 

2013). This memory may act, in complex systems, as an important agent of resilience 

(FILOTAS et al. 2014). 
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The seventh attribute, the non-linearity in a complex system, is related to 

disproportional output responses to input stimulus. Thus, the system dynamics may present 

large or small responses according to the type or amount of variance. Non-linearity and 

feedbacks are important features for the regulation, spatial synchrony and chaotic dynamics in 

all ecosystems (see CONSTANTINO et al. 1997; BLAUSIUS et al. 1999; FILOTAS et al. 

2014).  

The last attribute, uncertainty, deals with the unpredictability of the system dynamics 

and it may surface from several sources. One such source is the stochasticity of the internal 

processes in the dynamics of socioecological systems. Another source of uncertainty is non-

linearity that may cause regime shifts. A third source is openness, as complex systems are 

vulnerable to changes in external systems to which they are associated. Historical and natural 

events such as tsunamis, wars, etc. may reinforce this attribute. The last source of uncertainty 

lies in the very adaptiveness of the system (FILOTAS et al. 2014). 

The natural history of fauna and flora, the fourth pillar in the framework, corresponds 

to the available biological information about the species involved in the process of 

pollination. This information exposes the distinctiveness of each group in terms of its 

evolutionary process, food, behavior, reproduction dynamics, as well as their interactions with 

each other and with the environment.  

Finally, the metacommunity theories provide principles that explain ecological patterns 

at large scales. There are four main views about metacommunities: (a) the patch-dynamic 

view, (b) the species-sorting view, (c) the mass-effects view, and (d) the neutral view (Figure 

III ). Metacommunity theories provide an important approach to think about linkages between 

different spatial scales in ecology (LEIBOLD et al. 2004:passim). 

The patch dynamic perspective (Figure IIIa) emphasizes the existence of numerous 

community patches that are alike to each other. Each patch has the potential to contain 

populations. However, they may be occupied or unoccupied. These patches are engaged in 

stochastic and deterministic extinctions that can be influenced by interspecific interactions, 

and are restrained by dispersal. In other words, local species diversity is limited by dispersal 

and spatial dynamics are dominated by local extinction and colonization (LEIBOLD et al. 

2004:604-605). 

The species-sorting perspective (Figure IIIb) asserts that local patches are different in 

some features and the consequences of local species interactions depend on aspects of the 

abiotic environment. In other words, there are trade-offs among species and environment that 

allow them to specialize in a variety of patch. This reflects a strong difference in the local 
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demography of species in the communities, revealing changes over environmental gradients. 

This approach presupposes a spatial niche separation above and beyond spatial dynamics, and 

a separation of time scales between local population dynamics and colonization-extinction 

dynamics. Thus, dispersal is significant because it allows compositional modifications to 

track changes in local environmental conditions (LEIBOLD et al. 2004:604-607). 

 

Figure II I : Four representations of metacommunity theories: (a) patch-

dynamic perspective; (b) specie-sorting perspective; (c) mass-effect 

perspective; and (d) neutral. 

 
Source: Leibold et al. (2004:606). 

 

The mass-effect perspective (Figure IIIc) focuses on the effect that spatial dynamics has 

on local population densities through immigration and emigration. For instance, species may 

be rescued from local competitive exclusion in communities where they are bad competitors 

by immigrating from communities where they are strong competitors (LEIBOLD et al. 

2004:604). Dispersal acts then as a source-sink relation amongst populations in distinct 

patches which may affect the relations between the local conditions and the community 

structure (HOLT 1993, MOUQUET & LOREAU 2002:200, LEIBOLD et al. 2004:607). 

The neutral perspective (Figure IIId), in contrast with the other three approaches, may 

be described as a null hypothesis (BELL 2001, LEIBOLD et al. 2004:608). Its possible to 

consider that all species are similar in their competitive ability, movement, and fitness 

(HUBBELL 2001, LEIBOLD et al. 2004:604). In this model all species are currently present 
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in all patches, but they will  be gradually lost in patches and will  be replaced by speciation 

(LEIBOLD et al. 2004:606). Therefore, metacommunity dynamics consist of random walks 

that alter relative frequencies of species in space through time (Leibold et al 2004:604/608). 

Most agricultural systems presuppose a certain kind of landscape management. This 

management possesses a few features that influence any given phenomenon within this 

system. To deal with such dynamicity two characteristics are usually addressed in the 

ecological literature: distance between fragments and diversity of habitat types. 

The distance between floral fragments may influence pollinatorsô movement. The 

greater the distance the larger the effort of movement by the pollinator in the landscape. The 

opposite is also true. Thus, it is possible to have populations that are getting isolated due to 

the impossibility to reach one another. One explanation for this isolation can be that there 

exists too many agriculture fields that the pollinator cannot cross, since they amount to hostile 

environments. 

The diversity of habitat types is an important aspect of the system because it may favor 

viable populations to exist. In other words, it means that the more diverse the habitats in the 

system, the larger the diversity of floral resources for the pollinators. Floral resources are 

equal to food resources. Thus, in the long term, it is expected that the diversity of habitat 

types affects the management of viable populations of pollinators. Just as in a chain reaction, 

if a pollinator population grows then their movement in the landscape will also grow. This 

may lead towards stability of the pollination services at the time scale of human action in the 

landscape. 
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3 MECHANISTIC EXPLANATION  

 

 

Mechanisms have played an undeniable role in the history of science, which evidently extends 

to the present day, especially in biology. Notwithstanding, contemporary biology no longer 

uses the word ómechanismsô with a literal connotation applied to living organisms and 

biological systems. Instead, mechanisms are currently used in contexts related to causal 

relations. The utilization of mechanism in the context of mechanistic explanation can be, 

therefore, embedded in Salmonôs causal-mechanical notion of scientific explanation. Even 

though Salmon (1998:8) did not insist ñthat all scientific explanations are causalò, he still 

maintained ñthat knowledge of causal relations enables us to explain a vast range of natural 

phenomena, and that such explanations yield understanding of the world and what transpires 

within itò. The main features of the causal-mechanical notion in scientific explanation were 

already exposed in Chapter 1 (Sect.1.1.1), while its implications for scientific understanding 

were addressed in Section 1.2. Thus, this section is only dedicated to expose the main 

framework of mechanistic explanation and some examples of its use, throughout the sciences.  

At this moment it is really important to note that this section does not aim to present the 

complete theoretical framework of mechanistic explanation and, also, that it does not aim to 

do it accordingly to its historical construction. This is justified by the following reasons. First, 

the new mechanistic philosophy of science is still at its beginnings, with its theoretical 

framework still in development and being revisited constantly. And second, the theoretical 

construct of mechanistic explanation had a purpose to be in this thesis. Its framework was 

combined with theories in ecology in order to derive heuristics that would guide the 

development of an explicative model of the beesô pollination service in agricultural systems. 

These two reasons make it difficult or impossible to be fully aware of all the continuous 

changes within the field while these same principles are being applied during scientific 

practice. Therefore, only major ideas are presented in this section, in a non-chronological 

way, in an attempt to accommodate the core discussions that emerged simultaneously 

throughout the development of this field. 

This chapter is organized as follows. Section 3.1 brings some disambiguation on the 

semantic aspects of mechanisms. Section 3.2 presents major ideas concerning mechanistic 

explanation that were used in the construction of the heuristics set
9
. 

                                                           
9
 Section 3.2 will give a very brief overview of some issues regarding mechanistic explanation. Notwithstanding 

Chapter 4 will bring extended discussions on the mechanistic framework behind each heuristics, with a deeper 

analysis of their content. 
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3.1 Mechanism what? The semantic fragmentation of mechanism 

 

ñMechanismò is a common word used in the sciences, since for many fields what counts as a 

satisfactory explanation usually requires providing a description of a mechanism. In this sense 

much of the practice of science, in an historical account, can be understood in terms of the 

discovery and description of mechanisms (MACHAMER, DARDEN & CRAVER 2000). 

In the biological sciences, the concept of ñmechanismò is fundamental to an adequate 

philosophical understanding of some issues, especially in molecular biology (BECHTEL & 

RICHARDSON [1993] 2010, KAUFFMAN 1971), but not only in this field. Wimsatt 

(1972:67) defends the idea that ñin biology several scientists perceive their work as explaining 

phenomena by means of identifying mechanismò. But there are disagreements about this idea, 

since authors like Schaffner (1993:278), for instance, claims that ñmechanismò is a term that 

should be avoided. 

Despite the fact the term ñmechanismò has been used in different times and places in the 

sciences and in the philosophy of science, there is still no consensus about what a mechanism 

is. Table B provides some examples of distinct definitions of mechanisms that are, in one way 

or another, attached to mechanistic explanation.  

 

Table B: Definitions of mechanisms developed by different authors. 

Author(s) Mechanismôs definition 

Glennan (1996)  

Mechanism is a behavior of complex systems that produce 

such behavior through the interaction of a number of parts. 

These interactions may be characterized as relative, 

invariant and direct generalizations. 

Machamer, Darden & Craver 

(2000) 

Mechanisms are entities and activities organized in such a 

way that they are product of regular changes from start to 

set-up to finish or terminate condition. 

Bechtel & Abrahamsen (2005) 

A mechanism is a structure that realizes a function in 

virtue of its component parts, operational components, and 

organizations. The functioning of a mechanism is 

responsible for one or more phenomena.  

Pickett, Kolasa & Jones 

(2007) 

The term ñmechanismò in ecology connotes an interaction 

that is nested within the entity or system to be explained. A 

mechanism is, therefore, one sort of cause. 

Illari & Williamson (2012) 

The mechanism of a phenomenon is composed by entities 

and activities organized in such a way that are responsible 

for the phenomenon. 

Nunes-Neto et al.  (2013) 
Mechanisms are types of theoretical models, constructed 

from a hierarchical perspective. 

Source: Elaborated by the author. 

 

What counts as mechanisms in science has developed over time and presumably will 

continue to do so (MACHAMER, DARDEN & CRAVER 2000). Notwithstanding, Nicholson 
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(2012) distinguishes and characterizes three different meanings and uses of mechanisms in the 

history of biology: machine mechanism, mechanicism, and causal mechanism. ñThe machine 

mechanism notion was traditionally used by biologists to describe machine-like systems. It 

has been applied to stables sets of interacting parts arranged in such a way that their combined 

operation results in predetermined outcomesò. Its etymological roots are the closest to the 

Latin machine and the Greek mechane, meaning ómachineô or ómechanical contrivanceô. 

Mechanicism comprises the idea that living organisms can be treated as machines. Finally, 

causal mechanisms display the step-by-step of causal processes that give rise to phenomena.  

Nicholson (2012) highlights that mechanistic philosophy is concerned with the 

characterization of machine mechanism and refers to the ontological and epistemological 

commitments of mechanicism. The confusion, for him, is that philosophers of science usually 

adopt the term ómechanisticô to refer to explanations that are related to causal mechanism, 

which has nothing to do with mechanicism. And this is where the mechanismic program 

enters, Nicholson suggests that the term ñmechanisticò should be avoided whenever talking 

about causal mechanisms, because mechanismic, just as causal mechanisms, is better 

understood as a heuristic explanatory tool, not as real things in nature. Therefore the 

mechanismic program would be concerned only with causal mechanisms with no 

commitments with mechanicism. Even though this suggestion attempt to clarify these 

distinctions, in this thesis we will use mechanistic explanation as regarding mechanism with 

causal relations with no ontological commitment to mechanicism.  

It is worthy claiming that not all scientists look for mechanisms and not all explanations 

are descriptions of mechanisms (MACHAMER, DARDEN & CRAVER 2000). Biology, for 

example, is a wide field where scientific explanations surpass a range, from descriptive 

mechanism to comparative reasoning, to the construction of historical narratives.  

The research proposal of this thesis started aligned with an inclination towards Illari & 

Williamsonôs (2012) definition. In spite of this, by the time the ecologist engaged in the 

project and created his conceptual framework, he adopted Nunes-Neto and colleaguesô (2013) 

definition. In spite of this, we also agree with Machamer, Darden and Craverôs (2000) and 

Nicholsonôs (2012, 2014) ideas that thinking about mechanisms, when not embedded in a 

reductionist perspective, and when used as metaphors, might help illuminate aspects of 

discovery, scientific change as well as address many problems in philosophy of science. Even 

though Nicholsonôs effort in identifying the different usages of the term ñmechanismò is of 

paramount importance, this thesis does not embrace the axiom ómechanismicô only because 

the heuristic building was solely discussed within mainstream mechanistic literature. 
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3.2 Mechanistic explanation and its framework 

 

Even though the theoretical roots of mechanistic explanation go back to causal-mechanical 

reasoning in Salmon (1984, 1998) (see Sect. 1.1.1), the work of Machamer, Darden & Craver 

(2000, hereafter MDC) óThinking about mechanismsô is usually granted as the ground zero for 

the new mechanistic philosophy of science. These authors defended that mechanistic thought 

may provide a new approach to address some major philosophical issues such as causality, 

laws, explanation, reduction, and scientific change. 

MDC (2000:3) regard mechanisms as ñentities and activities organized such that they 

are product of regular changes from start or set-up to finish or termination conditionsò. The 

goal of a mechanism is, thus, to explain how a phenomenon succeeds or how some processes 

operates. A mechanism for MDC must have an initial condition (set-up condition) and a 

terminal condition (termination condition) (as well as intermediate stages), and a mechanistic 

explanation, accordingly, ought to describe these aspects of the phenomena. 

In more detail, MDC describe mechanisms as composed of entities with their own 

properties and activities with their own functions. Hence, the activities are intrinsically related 

to the properties of the entities, since they produce the action. The entities are the things 

involved in the activities and therefore have specific types of properties. The activities are the 

producers, responsible for change.  

Notice that, for these authors, some key points are organization, regular changes, set-

up, and termination conditions. The organization and the dynamics of the entities and 

activities will establish the path through which the phenomenon will be produced. Entities 

must be specifically situated, structured, and oriented. The activities in which they participate 

must be coordinated temporally, involving a temporal order, rate, and duration. 

Concerning regular changes, ñmechanisms are regular in that they work always or for 

the most part in the same way under the same conditionsò (MACHAMER, DARDEN & 

CRAVER 2000:3). Two important aspects related to this issue are productive continuity and 

intelligibility. The first one is the regularity per se of the mechanism to run from the 

beginning towards an end, along the stages, when free from adversities. This regularity will 

establish a set-up condition and a termination condition. The second one, the intelligibility  of 

the mechanism, results from the productive continuity along its stages (Figure IV). 

Taking into account previous information, to describe the mechanism of a phenomenon 

is, thus, to reveal how the termination condition is caused by the initial (set-up) and 

intermediate conditions, in an organized and constant way. Figures V and VI represent 
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mechanisms of biochemical processes, used by MDC (2000:9-10) to exemplify their ideas. 

The first diagram is a two-dimensional spatial representation of chemical synapses. The 

second one represents the mechanism of a single activity of these synapses ï the 

depolarization. 

 

Figure IV: Schematic representation of a mechanism according to MDC. A, B, and C are the 

components of the mechanism. y, x, and z are the activities carried out by the components. A 

represents the set-up conditions, and D represents the termination condition, in other words, the 

product of the chain of activities. The productive continuity between the components will provide 

intelligibility to the mechanism. 

 

Source: Elaborated by the author. 

 

Figure V contains the elements and activities of the process. The elements include, for 

example, cell membrane, vesicles, microtubules, molecules, and ions. The activities are 

represented, for by the actions of biosynthesis, transport, depolarization, insertion, storage, 

recycling, priming, diffusion, and modulation. The mechanism happens with the neurons that 

are polarized in resting state. The fluid inside the cell membrane is negatively charged with 

respect to the fluid outside of the cell. The depolarization is a positive change in the 

membrane potential: neurons depolarize when sodium (Na+) channels in the membrane open, 

allowing Na+ to move into the cell by diffusion and electrical attraction. The resulting 

changes in ion distribution make the intracellular fluid progressively less negative and, 

eventually, more positive than extracellular fluid (MDC 2000). 

Figure VI represents the mechanism of depolarization involving the Na+ channel 

(through which Na+ ions get inside the neuronal membrane). The three panels of the Figure 

(top-to-bottom) represent the set-up condition, intermediate activities and termination 

condition of the mechanism. In the depolarization mechanism, the termination condition (at 

the bottom panel) is considered to be the increase in membrane voltage, in other words, the 

depolarization of the axon terminal illustrated by the Na+ channels lining up against the 

intracellular membrane surface. The intermediate activities (at the central panel) are presaged 

by the set-up conditions, and are represented by the spreading depolarization from the axonal 
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action potential that (1) repels the positive charges in the alpha helix voltage gates, and (2) 

rotates their central axis and opens a channel in the membrane. The resulting conformation of 

the protein (3) makes the channel selective for Na+. As result, (4) Na+ ions move through the 

pore and into the cell. This increase in intracellular Na+ depolarizes the axon terminal (MDC 

2000). 

 

Figure V: Mechanism of chemical synapses in a neuronal cell. 

 

Source: Machamer, Darden and Craver (2000:8-9) extracted the images from Gordon 

M. Sheperd, Neurobiology, 3/e; ©1994 by Oxford Press, Inc., and Hall, Zach W (ed.) 

(1992), An introduction to molecular neurobiology. Sunderland, MA: Sinauer 

Associates. 
 

Unlike MDC, Craver & Bechtel (2006:469) do not offer an explicit definition for 

mechanism. Notwithstanding, they suggest that every model of a mechanism possesses four 

aspects: a phenomenal aspect, a componential aspect, a causal aspect, and an organizational 

aspect (Figure VII). 

The phenomenal aspect concerns the phenomenon in question: ñmechanisms do things; 

they are the mechanisms of the thing they do. [é] There are no mechanisms simpliciter ï 
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only mechanisms for phenomenaò (Craver & Bechtel 2006:469). The componential aspect 

relates to the components or the working parts of the mechanism, but not all components, 

only those relevant to the phenomenon at stake. The causal aspect relays on the activities 

exhibited by the components of the mechanisms. As they are activities, they are usually 

exposed as verbs. The organizational aspect is the temporal (order, rates, durations, and 

frequencies) and spatial structure (locations, shapes, sizes, orientations, connections, and 

boundaries) in which the components and activities of the mechanism operate. There are 

different patterns of mechanistic organization: feed-forward or push-pull systems, feedback or 

parallel connections. 

 

Figure VI : mechanism of depolarization involving the Na+ 

channel. 

 
Source: Machamer, Darden and Craver (2000:12) extracted 

the images from Gordon M. Sheperd, Neurobiology, 3/e; 

©1994 by Oxford Press, Inc., and Hall, Zach W (ed.) (1992), 

An introduction to molecular neurobiology. Sunderland, MA: 

Sinauer Associates. 
 



57 

 

The authors utilize a common mousetrap to explain their ideas (Figure VII). The 

phenomenal aspect of a mousetrap is to trap mice. It possesses six components: trigger, 

spring, latch bar, catch, impact bar, and platform. All the components have properties that will 

influence directly or indirectly the activities. For instance, the rigidity of the impact bar and 

the tension of the spring offer a direct stimulus for the phenomenon to happen. Indirectly 

speaking, the platform does not influence the event but offer a substrate for it. In this aspect 

and in spite of their differences, Craver & Bechtel are in agreement with MDC: 

 
[a]mong relevant entities and properties, some are crucial for showing how 

the next step will go. The bulk of the features in the set-up (spatial, structural, 

and otherwise) are not inputs into the mechanism but are parts of the 

mechanism. They are crucial for showing what comes next; thus we avoid 

talk of ñinputsò, ñoutputs,ò and ñstate changesò in favor of ñset-up 

conditions,ò ñtermination conditions,ò and ñintermediate stagesò of entities 

and activities (MDC 2000:11). 

 

The causal aspect and the organizational aspect are intimately related such that when the 

mechanisms are loaded, the parts are connected to one another. For instance, in the 

mousetrap, the trigger must be located with respect to the catch such that any pressure on the 

trigger moves the trigger bar to dislodge the catch (CRAVER & BECHTEL 2006:470). 

 

Figure VII : elements of the mechanism mousetrap. 

 

 
Source: Extracted from Craver & Bechtel (2006). 

 

The work of another author from the new mechanistic philosophy of science, Stuart 

Glennan, is different from those quoted above, as his discourse permeates causal matters, 
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laws, and generalizations, as explicit in his first definition of mechanism: ña mechanism 

underlying a behavior is a complex system which produces that behavior by the interaction of 

a number of parts according to direct causal lawsò (GLENNAN 1996:52). 

The core of his discussion concerns the idea that the mechanistic account is not 

undermined by the lack of a fundamental physical causation. This may appear contradictory 

when looking at his own definition of a mechanism, but he asserts so because ñmechanisms 

provide an epistemologically unproblematic way to explain the necessity which is often taken 

to distinguish laws from other generalizationsò (GLENNAN 1996:49). Associated with this 

idea, the author develops the notions of mechanisms as causal nexus and mechanisms as 

complex systems (GLENNAN 2002:S343). 

Mechanisms as causal nexus are extracted from Salmonôs work on causal-mechanical 

explanation. Salmon defines causal nexus as a network of interacting causal processes. 

Mechanisms as complex systems are in turn extracted from the works of Wimsatt (1994), 

Bechtel & Richardson ([1993] 2010), and Machamer, Darden & Craver (2000). Regarding 

this idea, Glennan develops a more elaborate definition as follows: 

 

A mechanism for a behavior is a complex system that produces that behavior 

by the interaction of a number of parts, where the interactions between parts 

can be characterized by direct, invariant, change-relating generalizations 

(GLENNAN 2002:S344). 

 

Another important issue for Glennan is behavior. The mechanismôs boundaries, its parts 

and its interactions are only possible to identify if the mechanism behavior is previously 

known. It is important to note that Glennan sometimes uses the term óbehaviorô to refer to 

properties, sometimes to activities, sometimes to phenomena, and sometimes to laws. Perhaps 

it is possible to assign this disparity because of his perception of mechanisms as complex 

systems, where a mechanism may possess different other mechanisms within, underlying its 

behavior, as he beautifully calls the polymorphous behavior of complex systems (GLENNAN 

1996). The author uses two simple systems to demonstrate how they can be analyzed in terms 

of his definition of mechanism: a float valve and a voltage switch (Figures VIII and IX). In 

turn, to exemplify the idea of complex systems he uses the human body. 

The float valve (Figure VIII) is a mechanism that regulates the water level in a tank. 

According to Glennanôs definition of mechanism, the purpose of the float valve is to regulate 

the water level while the behavior of the mechanism is the maintenance of the water level in 

the tank. It is possible to identify its parts: tank, valve, pressurized water source, lever and 

float. The causal interaction between the parts in the mechanism is represented by the float 
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attached to a lever; this lever opens and closes an intake valve. Whenever the lever is down, 

the intake valve is open and allows water to fill the tank. When the lever is raised to a certain 

point, the intake valve closes, stopping the flow of water. The float is heavy enough that in the 

absence of water it will pull the lever down, opening the intake valve (GLENNAN 1996). 

 

Figure VIII : A float valve as a mechanism.  

 
Source: extracted from Glennan (1996). 

 

The second example is a voltage switch (Figure IX). This example is really interesting 

because this mechanism is not triggered by a mechanical switch, but by an electrical impulse. 

 

Figure IX : A voltage switch.  

 
Source: Extracted from Glennan (1996). 

 

The behavior of this mechanism is the variation of the input voltage Vin to the output 

voltage Vout. Its parts are the junction transistor with three terminals (the base, the emitter, and 

the collector), two resistors (bias resistor and load resistor), and the terminals of a battery 

(positive voltage source rail and a ground). The property and interaction of the transistors is 

given by the fluctuation on the saturation voltage (VCE). This circuit is a type of current 

valve, when Vin Ò VOFF (i.e., voltage entering the base is negative), the valve is closed and 
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no current passes from the emitter to the collector. When Vin Ó VON (i.e., voltage entering 

the base is above a small positive value), the valve is open and current passes from the emitter 

to the collector. When VOFF < Vin < VON, the valve is part way open, allowing restricted 

current flow between the emitter and the collector (GLENNAN 1996:60). 

The example Glennan uses for mechanisms as complex systems is the human body, in 

particular, two subsystems: the cardiovascular and the respiratory systems. These systems 

possess multiple mechanisms involved, say, in pumping blood, inhaling oxygen, and exhaling 

carbon-dioxide. If one considers the behavior of oxygenating the blood, for instance, it is 

possible to consider both systems as components of a sole mechanism even though they 

divide the body into different parts. The parts of the cardiovascular system are heart, veins, 

arteries, capillaries, etc. And the parts of the respiratory system are lungs, diaphragm, 

windpipe, mouth, etc. Glennan states that the properties of both systems overlap and their 

boundaries are only delimited according to the behavior in question.  

Mechanisms as complex systems were formerly discussed by Wimsatt (1994) and 

posteriorly by Glennan (1996, 2002), MDC Craver (2000), Craver (2001; 2007), Bechtel & 

Richardson ([1993] 2010), among other authors. These treatments, which harbor earlier 

propositions of systems as hierarchical levels (SALTHE 1985) (Figure X), provide the basis 

for the elaboration of the heuristic ñhierarchical structureò (Sect. 4.1.3) in our work. 

 

Figure X: Saltheôs diagrammatic views of hierarchical structures: (a) 

compositional hierarchy of nested entities; (b) control hierarchy. 

 
Source: modified from Salthe (1985:10). 

 

The most well-known scheme representing mechanisms with hierarchies is exposed by 

Craver (2001, 2002, 2007) (Figure XI). According to this author, ñmechanisms are entities 
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and activities organized such that they exhibit the explanandum phenomenonò (CRAVER 

2007:6). Craverôs analysis of hierarchies is focused on the nomological functions of the 

mechanismsô parts and is basically derived from Cumminsô (1975) analysis of role functions. 

At the top of the schema is the phenomenon to be explained or the behavior, symbolically 

represented by the Greek letter ɣ, while the mechanism of ɣ is represented by the letter S; 

therefore, the mechanism of the phenomenon is Sɣ-ing. At the bottom of the schema or at the 

lower level are the entities (circles) and the activities (arrows) of Sɣ-ing. The components 

entities of S are represented by X and the activities of the components are represented by ū. 

Thus, according to Craver (2007:7) ñSôs ɣ-ing is explained by the organization of entities {X1, 

X2, é, Xm} and activities {ū1, ū2, é, ūn}ò. 

 

Figure XI : Diagrammatic views of hierarchical structures: (a) is a diagrammatic view of Cumminsô 

analysis of role functions; and (b) represents Craverôs analysis of role functions derived from 

Cummins. 

 
Source: extracted from Craver (2001, 2007). 
 

The phenomenon and the mechanism producing it are surrounded by a dotted line which 

represents their boundaries (Figure XIb). This suggests the idea that both mechanism and 

phenomenon may be part of an external context. The outside arrows represent influences from 

the external environment over the phenomenon or over some parts of the mechanism 

(CRAVER 2007; BECHTEL 2015). This external context relates with the mechanismsô 

boundaries in our case study and will be considered in the heuristic ñexternal regulatory 

agentsò (Sect. 4.1.8).  

For instance, the capacity of the circulatory system (S) of distributing nutrients and 

gases to body tissues (ɣ) may be explained by analyzing Sôs parts (say, X1 heart, X2 arteries, 

X3 kidneys, and X4 valves) and their activities (ū1 to pump, ū2 to convey, ū3 to filter, and ū4 

to regulate the direction of blood flow). 

Decomposing mechanisms into their parts for explaining phenomena is facilitated by 

two strategies that analyze and isolate component functions: synthetic and analytical methods 

(BECHTEL & RICHARDSON [1993] 2010). The analytical method can work, for instance, 
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from an inhibitory experiment that isolates components physically within the system to 

determine their function. In turn, the same strategy can work from an excitatory experiment 

that adds a stimulus to a component of the system in order to discover its behavior. The 

synthetic strategy demands in turn a preliminary hypothesis about the systemôs organization 

and operation. Subsequent to this hypothesis, a model is built and empirical testing is realized 

with the purpose of discovering the behavior of the system. The two strategies are 

complementary. The first one provides empirical data and the second one provides a 

theoretical framework that may ground data gathering and analysis. 

Craver (2002, 2007) describes a similar approach, the interlevel expe rimental strategy, 

composed by tests of constitutive (or componential) and causal relevancies. These strategies 

concern excitatory studies, whose interventions in specific parts of the systems may suggest 

causal relations between the components. This intervention may also indicate which elements 

are parts of the mechanism and which are not (Figures XII and XIII ). 

 

Figure XII : Diagram representing an interlevel experimental strategy of 

causal relevancy  

 
Source: Craver (2007:145). 

 

Every interlevel experimental strategy will possess three basic elements: (i) intervention 

technique; (ii) causal sequence; and (iii) detection technique (CRAVER 2002). Figure XIII 

pictures an experiment of causal relevance with a single mechanistic level. Circles and arrows 

represent components and activities, respectively. The intervention occurs in any variable of a 

causal sequence to detect any consequences in a downstream variable. Differently, in an 

interlevel experiment, the intervention and detection techniques are applied and observed at 

different levels in the mechanistic hierarchy. The intervention may occur in different spots 

according to two different strategies: the bottom-up experiment and the top-down experiment.  

In the bottom-up experiment (Figure XIII left) the intervention will occur with the 

compositional elements at the level of the mechanism in order to observe changes in the 

behavior or byproduct at the level of the phenomenon itself. In the top-down experiment the 
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opposite approach will be used, with the interference occurring at the level of the 

phenomenon in order to detect changes in the composition and activities of the mechanism at 

a lower level (Figure XIII right). Thus, interlevel experiments verify the correlation between 

the phenomenon, i.e., the explanandum, at a higher level and the components of the 

mechanism, i.e. the explanans, at a lower level (CRAVER 2007:145). 

 

Figure XIII : Diagrams representing two different strategies for interlevel experiments (bottom-up 

and top-down experiments). 

 
Source: Craver (2007:146). 
 

Darden (2002, 2006) suggests a different alternative to identify and construct 

mechanismôs elements and activities, or to recognize its productive continuity: the schema 

instantiation and the forward/backward chaining. The first one involves filling roles in an 

overall mechanism while the second one eliminates gaps using knowledge about types of 

entities and activities. The second strategy, forward/backward chaining, has two subtypes: one 

for entities and another for activities. To investigate entities during forward chaining, one may 

use what is known as the activity-enabling properties of entities. This allows one to speculate 

the kinds of activities with which an entity can engage. Alternatively, there is the activity 

consequences, where one may use knowledge about an activity in the mechanism in order to 

conjecture the consequences of that activity for both entities and activities. Conversely, in 

backward chaining, the properties of an entity can provide clues as to the activities that 

produce it, a sort of an activity signature ï a property that signals to the researcher the prior 

occurrence of some activity. Alternatively, during backward chaining, one may find entity 

signatures of activities, that is, properties of activities that provide clues as to what entities in 

a prior stage may have led to the occurrence of those activities (DARDEN 2006:89). 








































































































































































