[bookmark: _Toc223794566]CHAPTER 6: WHAT IS EMERGENCE?
[bookmark: _Toc223794567]6.1. The nature of emergence in a Salmon-complete mechanism
	We now come to the important question of the thesis. We have already noted that, by definition, only higher-level things can be emergent. We are interested in higher-level things because they are ontically relevant for our explanations of higher-level phenomena. We talk about different levels because the questions asked by scientists refer to things that are composed, and the answers that scientists give refer to things that compose the things referred to in the question. The composed things exist at a level higher than the things that compose them. We call the answers, i.e., explanations, that scientists give in this manner mechanistic explanations. And mechanistic explanations posit mechanisms to explain phenomena.
A mechanism contains things at different levels. A working account of levels in mechanisms, i.e., what it means for things to be at the same level and at different levels in a Salmon-complete mechanism, has already been given in the previous chapters. Such a detailed analysis of the concept of levels in mechanisms is necessary in my dissertation because without an account of levels, it is not possible to discuss emergence and downward causation between things in mechanisms. As noted in the Introduction section, researchers find it necessary to talk about emergence because they argue that in some phenomena, the whole is more than the sum of the parts. To put it in precise terms, the interactions among the higher-level things (this may include interactions between a higher-level thing and the things in the environment, e.g., the human mind interacting with the world) exhibit some qualitative or quantitative difference from the interactions among the lower-level things even though the former are composed by the latter. This qualitative or quantitative difference at the higher-level is termed as emergence by researchers in various fields. The challenge is to find genuine cases where such difference at the higher-level is observed and to describe it in empirically measurable terms.
It is important to describe emergence in empirically measurable terms because doing so will help us intervene in the world through empirical means. For example, if we define the human mind as an emergent entity that somehow arose from the interactions between neural entities, properties, powers and processes and the environment, without listing any empirical means to verify that definition, such a definition will not pave the way for further research into the concept of the human mind and for interventions into phenomena associated with the human mind. Interventions play a major role in my conceptual analysis of emergence because explanations, being ontic, must necessarily provide information related to possible interventions in the world. Recall, in Chapter 1, I discussed that explanations are considered explanatory because they afford manipulation and control of phenomena through interventions. Thus, if our mechanistic explanations of complex phenomena include the concept of emergence, those explanations should tell us how to empirically intervene in the world, especially where emergence comes into play.
Take the example of the Hodgkin-Huxley model of the action potential discussed in the previous chapter. We saw that in the HH model, interpreted as a mechanistic explanation of the action potential, emergence could be posited in the form of machretic determination (as introduced by Gillett (2016)). It is a non-productive, non-causal downward determination of the electric fields by the membrane potential such that the fields have differential powers to produce and sustain the phenomenon of the action potential. Here, the electric potential is the higher-level thing, and it is collectively composed by the electric fields, which are the lower-level things. The empirical claim is that without the presence of the higher-level membrane potential, the lower-level electric fields will not possess the differential powers of opening and closing the ionic channels at specific potential values. In order to verify this claim, we should try to enumerate the possible empirical interventions that we can ideally perform such that the connection between the membrane potential and the differential powers of opening and closing the ion channels is established. If we can perform an ideal intervention such that the membrane potential doesn’t come into existence and only the electric fields from the ions and other charged proteins exist, and if the latter don’t possess the differential powers responsible for opening and closing the ion channels, then we can confirm that the membrane potential is an emergent property of the whole membrane. Such an ideal intervention would be analogous to the top-down excitatory experiments discussed as part of Matched Interlevel Experiments (MIE) in (Craver, Glennan, & Povich, 2021), except that the intervention would be inhibitory rather than excitatory.
The difficulty in performing an intervention of the kind mentioned above arises from the fact that the concepts of electric field and electric potential are closely related. The presence of the electric field at any point is invariably accompanied by the presence of the electric potential at that point. The mathematical expression relating the two concepts is given below:
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
According to the above expression, the electric field is the negative gradient of the electric potential. It means that the electric field always points in the direction of the steepest decrease in the electric potential. What this shows is that the mere presence of an electric field in a system, by definition, implies that there is a potential gradient in the system. That is, there is an electric potential difference between two points in the system. In the axonal membrane of a neuron, the membrane potential is the electric potential difference between the inside and the outside of the membrane. Because of the presence of charged ions on both sides of the membrane and their constant transmembrane movement, the total electric field will keep changing across the membrane and this implies that the potential gradient will keep changing. Thus, by definition, it means that there is no empirical intervention that can inhibit the membrane potential alone without affecting the electric field. Thus, it means that there are no empirical means to verify the claim that without the presence of the higher-level membrane potential, the lower-level electric fields will not possess the differential powers of opening and closing the ionic channels at specific potential values. Again, this means that positing emergence in the form of machretic determination in the HH-model-based mechanistic explanation of the action potential is not fruitful because it doesn’t provide more novel means of manipulation and control of the phenomenon of the action potential.
Let us remind ourselves why we are seeking an account of emergence within the NM framework and what such an account should do. We need an account of emergence to capture the qualitative or quantitative difference that researchers observe in the interactions between things at a higher-level compared to the interactions at a lower level. I added another requirement to that account, which is that an account of emergence should tell us how to empirically intervene in the world such that the interventions provide more novel means of manipulation and control of the phenomenon in which emergence is observed. This requirement of empirical interventions is important because our initial observations of qualitative or quantitative difference at the higher level could be based on an incomplete explanation of the phenomenon in question or based on other unarticulated criteria. By introducing this requirement, we also provide a way to empirically verify the presence of the qualitative or quantitative difference. Again, take the example of the human mind. Researchers consider the human mind to be an emergent thing because the interactions of the mind with the environment and other humans give rise to various complex behaviours such as thinking, feeling, remembering, imagining, planning, dreaming, etc. These behaviours are considered to be qualitatively and quantitatively different from the interactions at the lower level of neural entities, properties, powers and processes in the brain and the nervous system. If the human mind is indeed emergent, then, as per the requirement of empirical intervention, any explanation of the various behaviours associated with the mind should contain the concept of emergence and it should provide us with empirical interventions that afford us novel means of manipulation and control of the behaviours in question.
Note that in our NM framework, we cannot claim that the human mind in its isolated state is an emergent thing. We can only claim that the mind in its interactions with the environment and other humans is an emergent thing. In fact, the human mind is usually posited in the explanations of complex behaviours such as thinking, feeling, remembering, etc., at the higher level. The mind is posited as an entity that is the source of all such complex behaviours, which arise as a result of the mind’s interactions with the environment and other humans. What I am trying to emphasise here is that we can find emergence (i.e., such qualitative or quantitative difference at the higher level) only in the interactions among the higher-level things and not in any individual, isolated thing. Now let us ask ourselves what the requirement of empirical intervention means to the claim that the human mind can be emergent with respect to the abovementioned complex behaviours. For any mental activity or behaviour, many levels of the brain and/or the nervous system are involved in the mechanism. Take the activity of remembering a core memory from your childhood. I still vividly remember the famous scene from Titanic (1997), which I watched alone in my maternal grandfather’s home in the summer of 2006. This is indeed a complex mental behaviour. The mechanism for the recall of an episodic memory contains at least four levels, which is similar to what we observed in the mechanism of spatial memory (Craver, 2007, pp. 165-170). However, for episodic memory, more brain regions are also included (Tulving, 2002); (Cheng, 2024); (Pan, et al., 2025). The top level (we can also call it the first level or the outer level instead of the top level if we want to avoid unnecessary spatial connotations in “levels”; I will use them interchangeably) is the level where the memory of the movie scene is remembered phenomenologically by the human mind. The second level is the level of major brain regions such as hippocampus, amygdala, prefrontal cortex, etc., which are involved in the formation of episodic and emotional memories and the retrieval of memories. The third level is the cellular-electrophysiological level (the level of the neuron), where the process of Long-Term Potentiation (LTP) and other relevant processes such as the activities of neurotransmitters for memory formation and retrieval take place in hippocampal synapses and other brain regions. The fourth level is the molecular level, where the molecular processes underlying the chemical and electrical processes of neurons take place. If emergence is present at any of the higher levels, the first three levels in this case, it means that there is a qualitative or quantitative difference in the interactions at the given level compared to the interactions at the lower level or levels. Note that emergence may be present at all the higher or outer levels, not just the topmost or outermost level.[footnoteRef:1] [1:  Also, contemporary research indicates that populations of neurons could also be taken as a level because the interactions and properties at that level may have more significance for cognitive functions. But for the purpose of this discussion, we shall just focus on the four levels. Read about the ‘neural population doctrine’ for more information.] 

As per the definition of the concept, at least, an empirical intervention at the level where the qualitative or quantitative difference is found should lead to a change in the interactions at all the levels higher than the given level, which in turn should lead to a change in the phenomenological experience of the memory at the first level or the topmost level. Now, before we explore this line of thinking further, let us imagine the case where there is no qualitative or quantitative difference at any of the higher levels. What would an empirical intervention at any of these levels result in? See Fig. 7 for a pictorial representation of the mechanism for the phenomenon of memory recall.
As noted before, it is not an exact representation of all the components involved in the phenomenon of an episodic memory recall. The components specified are divided into four levels. The first three levels are where emergence is possible. That is so because that is where mechanistic (spatial and temporal) organisation comes into the picture. In the fourth level (or the bottommost level or innermost level) of molecular interactions and processes, the aggregate output of the overall interactions between individual molecules suffices to account for the relevant output of that level to the whole mechanism. As noted in Chapter 3, the last level (lowest level) in a mechanism is the level at which only aggregation is relevant and mechanistic organisation is not relevant for the mechanism. Thus, we see that in order for emergence to be present at a level in a mechanism, there has to be a mechanistic organisation of components that is relevant to the whole mechanism at that level.
With the above claim in place, we now need to ask what it means for interactions to be qualitatively or quantitatively different at a level when compared to the immediate lower level. In the figure, I show the interactions at different levels using capital Greek letters. Without the presence of emergence, to indicate that there are no qualitative or quantitative differences in the interactions across levels, I use only Φ for all the four levels. With emergence, to indicate the presence of such differences at each level, I use different letters Ψ, Ω and Θ to represent the different interactions at each level. I also show the interventions I1, I2 and I3 that can be performed at respective levels 1, 2 and 3 and the empirical techniques of detection D1, D2 and D3 corresponding to those interventions.
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[bookmark: _Toc220610323][bookmark: _Toc220612768]Fig. 7. Visualising interventions and detections in the mechanism of memory recall with emergence present
What this figure shows is that the detection we will observe at, say, level 1 after an intervention I1 will be different (which will be D1*) if the interactions at that level are qualitatively or quantitatively different (Θ) from the detection D1 we will observe after the same intervention I1 if the interactions are not different (Φ). The same reasoning applies for levels 2 and 3 with the new detections D2* and D3* corresponding to the interventions I2 and I3 if different interactions Ω and Ψ are present.
We have seen that if there is a qualitative or quantitative difference in the interactions at a level, the same can be observed through appropriate intervention and detection techniques at that level. In the case where there is no qualitative or quantitative difference at any of the levels in the mechanism for memory recall, the interventions I1, I2 and I3 will lead to detections D1, D2 and D3. Thus, if there is emergence at all the higher levels in our mechanism for memory recall, then the detections are D1*, D2* and D3*. If there is no emergence, then the detections are D1, D2 and D3. But this leads to another question: Is emergence already present in the mechanism for memory recall or is it something that can be introduced to the mechanism? If it is something that is already present in the mechanism, then we will never know what D1, D2 and D3 are. We will only get D1*, D2* and D3* for our interventions I1, I2 and I3. This makes it difficult to find out whether emergence is already present in the mechanism or not.
Let us now go back to the starting point of this discussion. We initially defined emergence as the presence of qualitative or quantitative difference in the interactions at a level compared to the interactions at a lower level or an inner level. And we added the requirement of empirical intervention to our account of emergence to make it robust such that employing the concept of emergence in our explanation of a phenomenon should provide us with new empirical interventions that afford us novel means of manipulation and control of the phenomenon. We introduced the example of the human mind and the mechanism of memory recall to try to understand the definition of emergence we came up with, and the role played by the requirement of empirical intervention. The conclusion we seem to have reached in this discussion is that the concept of emergence in our explanation may not add any new empirical intervention and hence may not afford us new means of manipulation and control.
[bookmark: _Toc223794568]6.2. Attempting an operational definition of emergence
	When researchers identify certain interactions as qualitatively or quantitatively different and call it emergence, they do so based on their understanding of what is normal and what is different. Their understanding is informed by their field of research. If we look at Noble’s argument from the previous chapter that downward causation is present in the Hodgkin-Huxley cycle, he differentiates between the level of the whole membrane and the level of ion channel activity. According to him, there is a quantitative difference between the interactions/processes observed among the ion channels, ions and molecules, and the interactions/processes observed over the whole membrane. The rhythm exhibited by the membrane potential oscillations at the outer/higher level is quantitatively different from the combined processes of ion channel activity of opening and closing and the transmembrane movement of ions and molecules at the inner/lower level. This is so for Noble because even though the lower-level components compose the higher level whole and its process, the processes/interactions at the level of the ion channels do not automatically lead to the rhythm of the oscillations at the higher level (Noble, 2012, p. 58). Something more is added at the higher level, and it has a (formal causal)/determinative influence on the lower level. It is in this sense that the interactions/processes at the outer/higher level are quantitatively different from the interactions/processes at the inner/lower level for Noble.
“The key point here is that efficient causation [what we mean by production] takes place at every level shown, and is different at each of these levels; indeed, that difference is what leads to them being defined as identifiable levels with specific associated laws of behaviour and associated variables applicable at that level (Anderson, 1972). Every level is essential to the functioning of the whole: without the existence of the causal [productive] processes at every emergent level, the whole would be unable to function.” (Noble, 2022, p. 5174)
For Noble, each level (except the lowermost/innermost level) is emergent because of the quantitative difference (or sometimes qualitative difference in the case of the psychological level; see (Noble & Ellis, 2022, p. 47)) that is found at each level. That ‘something more’ that is added at each level could be the structural constraints providing “the contextual state of affairs” (Noble, 2022, p. 5172) for the inner-/lower-level component interactions to play a role in the mechanism of the whole. It could also come from other composed things at each higher level.
In the previous chapter (Sec. 5.4.), we did interpret the abovementioned contextual state of affairs as the ‘mechanistic organisation’. Since the organisation of components is already included in the definition of a mechanism (Chapter 2) and in the definition of PR4 (Sec. 5.1.), we did not take the structural constraints as a legitimate downward determinative influence on the components. But what does this mean for the discussion?
In our discussion of emergence in mechanisms, the presence of structural constraints or mechanistic organisation does not count as contributing to the quantitative difference at a level in a mechanism. Nor does it lead to any kind of downward determinative or causal influence. Therefore, if emergence is present in a mechanism, the source of it has to be something else. The ‘something more’ that is added at an emergent level (we call it an emergent level because, as per our understanding, emergence is present at that level and such an emergence should lead to new interventions and detections at that level) has to come from a separate source and it has to have some kind of a downward determinative/formal causal influence.
One possible way of interpreting the above claim is to argue that there is emergence at a given level in a mechanism if the respective mechanistic organisation of components cannot account for the presence of qualitative or quantitative difference present at the given level. Compare this interpretation with Glennan’s claim that emergence and mechanism are not opposed to each other (Glennan, 2024). Glennan tries to show that “the opposition between mechanism and emergence is based on a misunderstanding, and that core features of emergent phenomena – dependence, autonomy, holism and novelty can be explicated in mechanistic terms” (Glennan, 2024, p. 230). That is, any qualitative or quantitative difference at a level in a mechanism can be accounted for by the mechanistic organisation of components in that mechanism, according to Glennan. This result by Glennan contradicts with the above interpretation of the claim that emergence has to come from a different source and not from the mechanistic organisation of components. In order to analyse this interpretation and Glennan’s result, let us give an operational definition of emergence as follows.
Operational Definition of Emergence (ODE): Emergence is the qualitative and/or quantitative difference at the outer/higher level(s) in a Salmon-complete mechanism M for a phenomenon P. Such a difference is over and above the structural constraints instantiated by the mechanistic organisation of components. Whenever such a difference is present at a level, there is a downward determinative or formal causal influence from that level on the lower/inner level(s) in the mechanism M. Finally, as the requirement of empirical intervention states, the incorporation of the concept of emergence in our explanation of the phenomenon P leads to new empirical interventions and detections at various levels of the mechanism M.
If the above definition turns out to be correct, then the features of emergent phenomena such as dependence, autonomy, holism and novelty cannot be explicated in mechanistic terms alone. Let us first see how well the definition works and what consequences it entails in our NM framework. Emergence is defined using the concept of a Salmon-complete mechanism because only in such a complete mechanism will we have all the things and relations relevant to the phenomenon present. Once we know all the relevant things and the relations that exist among them within the Salmon-complete mechanism, we can use the conditions I developed in the previous chapters (LLM, LLDC, SLDC, PR, SLCI and the principle of coadunativity) to categorise those things into different levels. After this step, we will be able to identify whether there is a qualitative or quantitative difference at any of the outer/higher level(s) that is over and above the mechanistic organisation. After this step, again, we have to verify whether the identified difference has a downward determinative/formal causal influence on the lower/inner level(s). This step is necessary for our definition of emergence because without such a downward influence, the difference found at the higher/outer level may not have any effect on the lower/inner levels in the mechanism, and hence our concept of emergence may not be fruitful in the sense that we may not have novel means of manipulation and control of the phenomenon in question.
Another reason the last step is necessary is that if there is no downward/inward influence, then that means that only the lower/inner levels have determinative and causal influences on the upper/outer levels, and not vice versa. Thus even if there is a qualitative or quantitative difference at the outer/higher level, our mechanistic explanation will not need the concept of emergence to capture that difference because manipulating the lower/inner level interactions alone will suffice to manipulate the higher/outer level interactions (where emergence is supposed to be present). Thus, without the last step, emergence will become a concept with no empirical consequences. In other words, it won’t be empirically measurable. Notice that this is one of the requirements I introduced at the beginning of the discussion. Emergence should be described in empirically measurable terms. Notice that the necessity of downward influence from a higher level to a lower level also guarantees the ontic relevance of higher-level things present at those levels in our explanations of phenomena. This harks back to the discussion of ontic relevance of higher-level things in Section 2.4. One possible line of research that emerges here is based on the finding that emergence and its cognate concept downward causation/determination may be necessary to secure the legitimacy of higher-level things in our ontology. That is, we may be able to justify the claim that levels are out there in the world only if we can prove the existence of emergence and downward causation/determination in the world. This line of research is not within the scope of this dissertation. I would like to explore this in the future.
Coming back to the operational definition, while analysing it, one needs to worry about two questions. How does the qualitative or quantitative difference arise in a multi-level mechanism in the first place? How does a researcher identify and empirically measure such a qualitative or quantitative difference?
A researcher identifies the presence of a qualitative or quantitative difference among the interactions between things at a level in a mechanism if their observations at that level are not congruent with the predictions made by them based on the existing theories and laws. When such a qualitative or quantitative difference is identified, the researcher first tries to provide a mechanistic explanation for that newfound difference. After this process, the theories and laws employed to study the given phenomenon will be updated based on the mechanistic explanation that is given. Thus, the observed qualitative or quantitative difference will be classified as a novel observation, and new ways of manipulating and controlling the interactions associated with the observation will be studied through further experiments, simulations, etc. Note that this process in a way may lead to novel means of manipulation and control of the phenomenon in question, especially with respect to the level at which the qualitative or quantitative difference is initially observed. But can we consider the qualitative or quantitative difference exemplified in this scenario as emergence?
As per the definition, the observed qualitative or quantitative difference is something over and above the structural constraints instantiated by the mechanistic organisation of components. When the researcher provides a mechanistic explanation for the newfound difference, what does the mechanistic explanation in fact do? As we saw in Chapter 1, it tells us which things in the world give rise to the phenomenon and govern it. In this case, the qualitative or quantitative difference at a higher level within a phenomenon P is the phenomenon of interest for which a mechanistic explanation is sought. If the mechanistic explanation accounts for the difference among the interactions at the higher level by showing how the structural constraints instantiated by the organisation of components at the lower levels give rise to the difference under study, then clearly the observed qualitative or quantitative difference cannot be considered as emergence. That is what the definition implies. If, however, the mechanistic explanation accounts for the difference in other ways (not by showing that the difference stems from the structural constraints), then perhaps we have a case of emergence.
Take the example of the mechanistic explanation of the action potential again. The behaviour at the higher/outer level, the rise and fall of the membrane potential, is explained as the outcome of the openings and closings of ion channels and the transmembrane movement of ions at the lower/inner level. It’s the mechanistic organisation of the components, i.e., the structural constraints that explain the whole membrane behaviour. Thus, in this example, the observed quantitative difference is accounted for by the structural constraints. As a result, we cannot take the action potential in the axonal membrane of a neuron as an emergent phenomenon, nor the membrane potential as an emergent property. Now recall the discussion in Chapter 5. According to Gillett’s account of machresis (Sec. 5.4.), I argued that the membrane potential V could be an emergent property in the mechanism of the action potential. In Gillett’s account, the presence of a determinative influence from a whole to its components, which shapes or constrains the roles of the components by enabling certain differential powers of theirs, is defined as emergence. I argued that the membrane potential had a downward determinative influence on the electric fields, thus enabling their differential powers to open and close the ion channels at specific membrane potential values. If this reasoning is right, which is also reflected in one of the clauses of ODE, then the membrane potential V is an emergent property.
As we can see, there is a contradiction in the above passage. According to one clause of ODE, the clause dealing with structural constraints, the membrane potential V is classified as not emergent. But according to another clause of ODE, the clause dealing with downward influence, V is classified as emergent. Let us now try to resolve this contradiction by taking into account the discussions we have had so far. At the beginning of this section, I used the definition of electric potential and electric field from physics to show that there were no empirical means to verify the claim that the membrane potential had a downward machretic determination on the electric field. As a result of that, I argued that the introduction of emergence in the mechanistic explanation of the action potential did not provide novel means of manipulation and control of the phenomenon of the action potential. What this means is that, even though Gillett’s account of machresis allows us to infer the presence of emergence in the HH model (interpreted as a mechanistic explanation) of the action potential, our independent attempt to verify the claim of downward determination from the membrane potential to the electric field using definitions from physics shows us that the claim cannot be verified. In addition, with the addition of the concepts of emergence and machretic determination, we cannot introduce novel means of manipulation and control of the phenomenon of the action potential either. Thus, as per all the clauses of ODE, we will have to conclude that there is no emergence in the HH model of the action potential, and that Gillett’s account of machretic determination has not proved to be fruitful insofar as it is employed in the analysis of the HH model. By extension, the accounts of downward determination/causation provided by Woodward and Noble also face the issue of lacking fruitfulness when employed in the HH model. That is so because they don’t introduce changes in the operations involved in studying the action potential. As per ODE, claims of emergence and downward determination/causation must be accompanied by changes in scientific practice.
Let us now go back to the discussion at the end of Sec. 6.1, where we reached the conclusion that the introduction of the concept of emergence in our explanation may not lead to new interventions and detections, and hence it may not afford new means of manipulation and control of the phenomenon under study. With the introduction of ODE, we have two new additions in the definition of emergence compared to the discussion in Sec. 6.1. The first is that the qualitative and/or quantitative difference is over and above the structural constraints. The second is that there is a downward determinative or formal causal influence from the levels where emergence is present. If we incorporate these additions in the mechanism of memory recall, we get a new picture. See Fig. 8. Now if we intervene on any of the higher/outer levels where emergence is present, there will be new detections on both the given level and a level below since there is a downward determinative influence from the emergent level. 
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[bookmark: _Toc220610324][bookmark: _Toc220612769]Fig. 8. Visualising interventions and detections in the mechanism of memory recall with emergence present and downward determinative influence incorporated
For example, in the mechanism of memory recall shown in Fig. 8, let us say there is emergence on Level 1. Now, if there is an intervention I1 on Level 1, then there will be a detection D1* on that level and there will also be a new detection D1-2* on Level 2. Similarly, if there is emergence on Level 2, then an intervention I2 on Level 2 will lead to detections D2* on Level 2 and D2-3* on Level 3. Similarly, if there is emergence on Level 3, then an intervention I3 on Level 3 will lead to detections D3* on Level 3 and D3-4* on Level 4. Now, let us suppose that there is emergence on all higher levels (Levels 1, 2 and 3) simultaneously. Then, intervention I1 on Level 1 will lead to additional detections D1-2-3* on Level 3 and D1-2-3-4* on Level 4. And intervention I2 on Level 2 will lead to an additional detection D2-3-4* on Level 4. This is how complicated the interventions and detections will become according to the operational definition of emergence.
Note that an intervention on a lower level will lead to changes in interactions on all higher levels because of compositional determination and hence there will be separate detections on all higher levels. These detections are present in the mechanism of memory recall without emergence as well.  Thus, without emergence, interventions I1, I2, I3 and I4 will lead to detections D1, D2, D3 and D4. With emergence, an intervention I4 on Level 4 will lead to the same detection D4 on Level 4, but on higher levels, either D3*, D2* and D1* will be detected or even more complex detection patterns will emerge because of the presence of both compositional and downward determinations. Nevertheless, one can see now how the presence of emergence leads to new patterns of intervention and detection in a complex, multi-level mechanism such as that of memory recall. Just how complex the whole system is and what mechanistic picture we can draw from it can be answered only through empirical research. Thus, ODE does provide us a fruitful way to discuss emergence in complex mechanisms.
To go back to Glennan’s (2024) claim that the qualitative and/or quantitative difference can be explicated in mechanistic terms, our operational definition of emergence shows that there is emergence in a mechanism only if the qualitative and/or qualitative difference is a result of something other than mechanistic organisation (structural constraints). This ‘something else’ could be the downward determination (formal causation) from the higher-level interactions. But we still don’t know what this downward determination is and how to understand it in empirical terms. If the above discussions are taken to shed some light, perhaps the downward determination can be understood through the observation of such complex patterns of intervention and detection in experimental setups. If the NM framework can handle downward determination and the associated patterns of interventions and detections, then we will agree with Glennan’s claim that emergence (i.e., the qualitative and/or quantitative difference) and mechanism are compatible. The only way to find a conclusive answer is to keep developing the NM framework by conducting experiments of the sort discussed above on various complex, multi-level mechanisms and by updating our concepts and creating new concepts based on empirical results and conceptual analysis.


[bookmark: _Toc223794569]CONCLUSION
	In my dissertation, my goal has been to discuss the concepts of emergence, downward causation and levels within the framework of the new mechanist philosophy. First and foremost, the questions are empirical.
· Are there levels in the world?
· Is there downward causation in the world?
· Is there emergence in the world?
These three questions are decidedly empirical. To answer these questions, one needs to examine the phenomena that make up the world and look for evidence pointing towards the presence of emergence, downward causation (DC) or levels. But in order to even examine the phenomena for evidence of the above three things, one first needs to know what those things mean. One needs to know what would count as evidence for those things if they were present in the world. For this purpose, conceptual analysis becomes important in answering empirical questions. My dissertation has tackled this aspect of conceptual analysis by situating the empirical questions within the NM framework. Thus, while I haven’t tried to answer the empirical questions by conducting experiments or building simulations, I have tried to rephrase the questions, and I have tried to show what might count as evidence for the presence of emergence, DC and levels.
In the first two chapters, I discussed the scientific practice of providing explanations for phenomena and how such practice uncovers the ontology of the world, with the aim of rephrasing the abovementioned empirical questions. By showing that explanations reveal the ontic structure in the world and that mechanisms populate that structure, I changed the first empirical question into the following: If mechanisms govern phenomena that make up the world, what do levels look like in mechanisms? After giving an exploratory answer to the above question, by building on various accounts of levels already given by various researchers in Chapters 3 and 4, I proceeded to verify the claims of DC and emergence in the HH model made by two researchers James Woodward and Denis Noble in Chapter 5. By incorporating the discussion into the NM framework and using the account of levels developed in the previous chapters, I tried to show that the claims of DC made by Woodward and Noble with respect to the HH model had problems. I also discussed an account of emergence introduced by Carl Gillett and showed that, while it did enable us to posit the presence of emergence in the form of a species of downward determination and mediated downward (interventionist) causation, it didn’t lead to changes in operations involved in the study of the action potential. Thus, in Chapters 5 and 6, the second and third questions were changed into the following: How does one identify the presence of emergence and downward causation in mechanisms? What difference does their presence make to scientific practice, especially to the practice of providing explanations for phenomena?
By reframing the questions such that any answer that is given to these questions should reflect changes in scientific practice, I have tried to show in my dissertation a new fruitful way of engaging with the concepts of emergence, DC and levels. The operational definition of emergence discussed in the last chapter is the result of such reorientation in conceptual analysis. Note that this harks back to what was said in Sec. 5.2 of Chapter 5 about the redefinitions of concepts:
What we can generalise from the above observation is that concepts that aim to refer to things in the world are sometimes amenable to redefinitions such that they can stand in relations that didn’t seem to be possible before the redefinitions. Such redefinitions may be facilitated by the introduction of new technology and interventions. They may also be facilitated by the introduction of new conceptual links. This generalisation may be used as a heuristic in our discussion of emergence and downward causation within the framework of the new mechanist philosophy.
The concepts of emergence, DC and levels may have new relations among themselves and to scientific practice when their redefinitions are facilitated by the introduction of new technology, new interventions and new conceptual links. Thus, the pattern of interventions and detections shown in Fig. 8 may be observed in certain complex mechanisms with the introduction of new technology and new manipulation techniques. One possible way forward in scientific and philosophical discussions of emergence, DC and levels that this dissertation proposes is that theoretical and experimental researchers working on complex mechanisms may test out the abovementioned patterns of interventions and detections by developing various methods, techniques and instruments. After categorising the complex mechanism on which they are working into different levels using the account of mechanistic levels (LLM, LLDC, SLDC, PR, SLCI and the principle of coadunativity), if their background knowledge and theories lead them to posit some qualitative/quantitative difference at a higher level, then they may use their experimental apparatus to devise several interventions at various levels of the mechanism and try to observe the patterns of detections listed by ODE.
For example, take the case study of a monkey’s status in a social hierarchy and how it affects its gene-regulation processes controlling serotonin levels, immune system, etc. (Tung, et al., 2012); (Lea, et al., 2018). This example was also discussed by Woodward (2020); (2021b); (2021c). We do know that a monkey at a higher position in the hierarchy has better immune system and high serotonin levels and that a monkey at a lower position has poor immune system and low serotonin levels. If we conduct an experiment and artificially move the monkey’s position in the hierarchy, say, by removing it from the presence of stronger monkeys and placing it among weaker monkeys, it automatically assumes a higher position in the new hierarchy because of its higher rate of success in physical confrontations. This leads to a change in its gene-regulation processes, which in turn improves its immune system and serotonin levels. This looks like a case of downward causation or determination.
Within the NM framework, the mechanism governing this phenomenon must have at least two levels: The level of monkeys interacting with each other and the level of gene-expression in individual monkeys. At the first level, the productive interactions are the interactions between the monkeys such that the social status of each monkey is assigned. For example, some of those interactions are physical competition between males and kinship relations between females (Lea, et al., 2018, p. E12164). At the second level, some of the productive interactions are the gene expression processes in peripheral blood mononuclear cells, an important component of immune surveillance and defence (Tung, et al., 2012, p. 6491). Notice that PR needs to be developed further to accommodate the kinds of social interactions between monkeys observed at the first level. As noted in Chapter 4, PR1, PR2, PR3 and PR4 are not sufficient to characterise the social, psychological and cultural interactions that take place in the kingdom Animalia. Now, if the researchers working on this complex mechanism governing the above phenomenon posit some qualitative/quantitative difference at the first level of social interactions between monkeys such that it has a downward determinative influence on the level of gene expression and regulation, they may use ODE to introduce various interventions and, based on the pattern of detections observed, they can flesh out the mechanism in detail. By developing new technical instruments and methods of intervention and detection, they can introduce more intermediate levels (such that they satisfy our account of mechanistic levels) and uncover more information about the complex links and relations present in the mechanism.
One can notice here that researchers can also introduce more levels into the mechanism they are studying through the technical instruments and methods of interventions that they develop. Thus, within the NM framework, it is clear that the notion of levels stands for something more than descriptive convenience. Since the notion of mechanistic levels is based on the notions of componency, direct component, productive interaction, conditional independence, etc.; and since all these notions are fleshed out based on scientific practice, which includes interventions performed and observations obtained through experimental apparatus; and since these observations are about the phenomena and the ontic structure that underlie the phenomena, it leads us to the conclusion that the notion of mechanistic levels points towards the stratified arrangement of things in the ontic structure of the world. This stratified arrangement of things in the ontic structure enables researchers to talk about emergence and DC meaningfully.
The operational definition of emergence then gives empirical content to the abstract notions of emergence and downward causation in terms of changes in scientific practice. The contribution of this dissertation lies in providing such an empirically-grounded, scientific-practice-oriented account of emergence and downward causation. I hope to build on this account and explore the lines of research left open in this dissertation in the coming future.
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