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Abstract

The (dis)continuism debate in the philosophy of memory revolves around the question of
whether memory and imagination belong to the same natural kind. Continuism, on the
one hand, defends that they belong to the same natural kind. Discontinuism, on the other
hand, defends that they do not belong to the same natural kind. By adopting a minimal
notion of natural kind, one can recognize that there are different legitimate ways of sorting
kinds, which lead to different positions in the debate. In this paper, | interpret continuism
as a mechanistic thesis, according to which memory and imagination belong to the same
natural kind because they are underpinned by the same constitutive mechanism. | clarify
the implications of this thesis and show that most of the discontinuist attacks on
continuism do not constitute a challenge to the mechanistic thesis. I also present a possible
challenge to mechanistic continuism. This suggests that there may be multiple
(dis)continuism debates.
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Episodic Imagination.

1 Introduction

The distinction between memory and imagination has been present in philosophical
discussion at least since Plato. Recently, with new empirical evidence, the
(dis)continuism debate has emerged (Perrin, 2016). Philosophers influenced by scientific
research on memory have argued that memory and imagination belong to the same natural
kind (De Brigard, 2014; Michaelian, 2016).! This perspective, known as continuism,
suggests that memory and imagination exist on a continuum, with their differences being
matters of degree rather than kind. However, other philosophers disagree, asserting that
these mental states are distinct enough to belong to different natural kinds—a view known
as discontinuism (Robins, 2020; Munro, 2021; Perrin, 2016).

! Throughout this paper, the terms "memory" and "imagination" specifically refer to episodic memory and
episodic imagination, unless otherwise stated.
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The core of this debate lies in the concept of natural kinds. In this paper, | adopt a
minimal notion of natural kinds, defining them as natural classifications because they
correspond to and are constrained by the causal structure of the world (Khalidi, 2018).
This minimal view is less demanding than other approaches, such as essentialism or the
homeostatic property cluster (HPC) theory. Despite its simplicity, this view retains the
benefits of these more complex theories, including the ability to make accurate
predictions, draw relevant novel inferences, and manipulate phenomena. Furthermore, it
avoids the issues that plague other views (for critiques of essentialism, see Boyd, 1991,
and Massimi, 2022; for critiques of HPC, see Craver, 2009, and Massimi, 2022).

Given this definition, there may be multiple legitimate ways to sort natural kinds
(Craver, 2009; Khalidi, 2018; Massimi, 2022). As a result, different approaches to
classifying kinds may lead to different positions in the (dis)continuism debate, as noted
by Robins (2020). Therefore, it is likely that what we refer to as the (dis)continuism
debate actually encompasses several distinct debates. The challenge for philosophers is
to recognize this multiplicity; otherwise, participants may end up talking past each other,
hindering real progress in understanding the relationship between memory and
imagination. Given this potential for confusion, proponents of different versions of
continuism and discontinuism should be clear about what exactly their theses entail (cf.
Andonovski, 2020, Robins, 2020).

In this paper, | argue that by interpreting the continuist thesis articulated by De
Brigard (2014) and Michaelian (2016) as a mechanistic thesis, we can do justice to the
thesis and its arguments and, moreover, specify more precisely what the thesis does and
does not assert. According to this interpretation, memory and imagination belong to the
same kind because they are explained by the same kind of constitutive mechanism. Using
this interpretation, | demonstrate that many objections to the continuist thesis do not pose
significant challenges because they do not directly address the thesis itself. A problem
arises, however, because the evidence in its favor is not as conclusive as its proponents
claim. Moreover, there is evidence that contradicts the thesis.

The paper is organized as follows: In Section 2, | briefly present the original
continuist thesis, framing it as a mechanistic thesis. In Section 3, | provide a detailed
overview of the mechanistic framework to elucidate the meaning and implications of
continuism, with a particular focus on the criteria for categorizing natural kinds within
this framework. In Section 4, | argue that the responses to the continuist thesis do not
pose substantial challenges, with the exception of Trace Minimalism. In Section 5, |

introduce a potential problem that deserves the attention of continuists, namely, the
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problem that some pieces of evidence can be interpreted differently and other pieces of
evidence contradict continuism. Finally, in Section 6, | conclude with some implications

for the (dis)continuism debate.

2 The original continuism as a mechanistic thesis

Continuism posits that memory and imagination exist on a continuum and belong to the
same natural kind. While certain perspectives, such as Hume's, on the relationship
between memory and imagination may be considered continuist, Perrin (2016) introduced
the term "continuism™ with a specific thesis in mind, which I will refer to as "original
continuism", as proposed by De Brigard (2014) and Michaelian (2016).% In essence, both
argue that memory and imagination belong to the same natural kind because they are
underpinned by the same cognitive system.® Therefore, the criterion they use to
distinguish kinds is a system-based criterion: if two mental states are underpinned by the
same cognitive system, they belong to the same natural kind. Thus, original continuism
(OC) can be defined as follows:

OC: memory and imagination belong to the same natural kind because they

are underpinned by the same cognitive system.

De Brigard (2014, p. 167ff) explicitly states that he employs a mechanistic
definition of a cognitive system. He contends that the episodic thought system, as he terms
it, is a mechanism whose function is to produce counterfactual representations of dynamic
events (see also De Brigard & Gessell, 2016; De Brigard, forthcoming). As a result,
episodic memory and episodic imagination are both underpinned by this mechanism.

A mechanism is used as an explanation for phenomena and consists of a set of
entities and activities organized in a specific way to produce or constitute the phenomenon
being explained (Craver, 2001, 2013). Mechanisms are inherently multi-level, with lower
levels constituting (or standing in a part-whole/supervenience relationship with) higher
levels (Craver, 2007). Additionally, mechanisms can be described at varying levels of
abstraction (where certain parts are intentionally excluded from the description) and/or
idealization (where parts known not to belong to the mechanism are intentionally

attributed to it). This approach stems from the fact that proposing a mechanism is an

2| refer to this perspective as "original" because it serves as the starting point for much of the current debate
on the relationship between memory and imagination (see Perrin, 2016, for a brief historical overview).

3 Although De Brigard (2014) does not explicitly state that memory and imagination belong to the same
natural kind, this assertion is implicitly present throughout his discussion.
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explanatory endeavor and, as such, is shaped by the purpose of the research (Craver, 2009;
Glennan, 2017; Potochnik, 2017). Depending on the goal of the research, it may be more
useful to abstract away certain features and idealize others. For instance, the initial study
of action potential in the human brain used the giant axon of a squid due to its size and
the ease of inserting electrodes to monitor electrical activities. Despite differences among
species, the giant axon was used as a model for action potential across all species (Kandel,
2007). In this case, relevant features of the giant axon were abstracted away, and other
features were idealized to create a model applicable to all species (Glennan, 2017).

Given this initial definition of a mechanism, we can understand that De Brigard
posits the existence of a multi-level set of entities and activities within the brain,
organized in a specific manner, that produce or underlie both mnemic and imaginative
phenomena—referred to by him as the episodic thought system.*

Similarly, Michaelian (2016) adopts a system-based notion of natural kind.
However, it is less apparent that he adopts a mechanistic view. Michaelian's framework
is based on Marr's (1982) three-level account of cognitive systems: computational,
algorithmic, and implementation. According to Marr, a cognitive system can be analyzed
at three levels: the computational level (which describes the function of the system), the
algorithmic level (which examines the rules and methods for performing that function),
and the implementation level (which concerns the brain structures that implement that
function). Although these levels are analyzed separately, they can collectively describe
the same system. In this sense, Michaelian (2016) maintains that two systems are
considered to belong to the same natural kind if they share the same descriptions at all
three levels.

At the implementation level, Marr (1982) and others, including Michaelian
(2016), refer to a set of entities and activities within the brain organized in a particular
way to produce or support the phenomenon in question. Therefore, this level can be
understood in mechanistic terms. If Michaelian requires that two systems share the same

implementation description, it implies that these systems must be underpinned by the

4 This interpretation is further supported by De Brigard's subsequent work (2020; forthcoming).
Nevertheless, one reviewer pointed out that De Brigard (2017, 2024), in other papers, seems to be of the
opinion that the only thing that matters for the definition/individuation of a cognitive capacity is its
functional profile and not its mechanistic implementation. Yet, he still appeals to mechanistic
implementations to discuss episodic memory (2020, forthcoming). Moreover, he is not sufficiently clear
about how to functionally individuate systems, which prevents the precision of the thesis | am aiming for
in this paper. Thus, by interpreting OC as a mechanistic thesis (see below), | aim to provide a more precise
delimitation of the thesis, with clear empirical consequences that allow us to evaluate the thesis (see
Sections 3.3, 4, and 5). For this reason, my argument will not be that OC is a mechanistic thesis, but that if
we interpret it as if it were, it gains precision and we can still do justice to it.
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same mechanism. Thus, mechanisms become crucial for individuating systems and, by
extension, kinds.

Moreover, the computational and algorithmic levels can be viewed as high-level
abstractions of a mechanism (Piccinini & Craver, 2011; Glennan, 2017; Piccinini, 2020,
see also Elber-Dorozko & Shagrir, 2021). These levels reveal significant causal
relationships within neurocognitive mechanisms while abstracting away many of their
specific entities, activities, and organizational features. Thus, individuating kinds through
parity at Marr's three levels can be understood as categorizing according to the
mechanistic description of a system at varying levels of abstraction (Glennan, 2017). For
this reason, we can still make justice to OC if we interpret it as a mechanistic thesis. In
the next sections, | will argue that this help us understand what the thesis really asserts
(Sections 3.3, 4, and 5).

This integration of Marr's levels is indeed part of Michaelian's argument. In this
paper, however, | will focus on OC as a mechanistic thesis specifically concerning the
implementation level. This choice is motivated by the mechanistic focus on
implementation and by a limitation of scope that forces me to follow a simpler path. It is
not easy to determine the computational profile of a system (Papayannopoulos et al.,
2022). Moreover, the integration of the three levels is not straightforward in cognitive
neuroscience research. For example, episodic and semantic memory may be described
using the same algorithmic analysis (Gershman, 2017), but they are likely implemented
by different brain mechanisms (Ranganath, 2024). Moreover, even if memory and
imagination are implemented by the same mechanism, they may have different
computational descriptions (Khalidi, 2023a). Furthermore, the use of different levels of
abstraction may lead to the inclusion or exclusion of different tokens of mechanisms as
belonging to the same kind (Boyd, 1999; Craver, 2009; Glennan, 2017). Thus, it is not
easy to align computational and algorithmic descriptions with the same implementation
mechanism (see also Khalidi, 2023a). The examples cited illustrate that descriptions at
different levels may map onto different implementation mechanisms in scientific
practice.> To avoid these complications, | will consider the continuist thesis as a
mechanistic thesis about the implementation level only. Consequently, we can revise the

definition of OC to reflect this focus, resulting in OCw.

S Crucially, I am not suggesting that these levels are not aligned in a mechanism. Rather, due to differences
in research projects, cognitive and computational scientists often pursue different mechanisms than
neuroscientists, making the alignment of levels a Herculean task (see Elber-Dorozko & Shagrir, 2021),
beyond the scope of this paper.
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OCwm: memory and imagination belong to the same natural kind because they

are underpinned by the same kind of constitutive mechanism.

I will further elaborate on what precisely OCw asserts in Section 3, particularly in
Section 3.3. For now, the notion of a constitutive mechanism aims to capture the concept
of implementation discussed. As seen, this interpretation of OC is in line with its thesis
and arguments (see Section 3.3). However, this perspective does have a limitation: if we
understand OC as OCw, it may be the case that it can no longer be considered the only
legitimate natural kind thesis regarding memory and imagination. As will be discussed in
Section 3.2, mechanisms are classified into kinds based on the purpose of the research
(Craver, 2009), indicating that there may be multiple ways to categorize memory and
imagination based on their constitutive mechanisms.

Indeed, as noted in the Introduction, there are various legitimate methods for
sorting natural kinds, with the mechanistic approach being only one among them.
Additionally, there are numerous legitimate ways to classify mechanisms into kinds.
Consequently, there should not be a single (dis)continuism debate but rather multiple
debates, each corresponding to different kinding strategies (see Sections 4 and 5 for an
example). I will argue in Section 4 that many discontinuist criticisms of OCwm miss the
mark because they utilize different, although equally legitimate, methods for sorting
memory and imagination into kinds. Before delving into this argument, I will further
develop the mechanistic framework and the process of categorizing natural kinds in the

next section.

3 Natural Kinds: phenomena and mechanisms

Although what is now known as New Mechanism philosophy is not a monolithic
perspective (Craver, 2001, 2007; Bechtel, 200; Glennan, 2017; Piccinini, 2020), these
views share several common features (Glennan et al., 2022). In this section, | will
elaborate on those aspects pertinent to understanding OCwm and the sorting of natural
kinds. Building on the discussion in the previous section, mechanisms explain phenomena

and can be used to sort them into natural kinds.® In what follows, I clarify what it means.

3.1 Explanation, phenomena and natural kinds

® 1 should highlight that I am not subscribing to the view that all explanations in the cognitive sciences
and neurosciences appeal to mechanisms (Craver, 2007). However, | am concerned with how mechanistic
explanations work and, particularly, how they relate to sorting natural Kinds.
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Explanations generally reveal counterfactual dependencies (Woodward, 2003; Glennan,
2017, Potochnik, 2017). Counterfactual dependencies not only elucidate why a
phenomenon happens but also how it would alter under different circumstances
(Woodward, 2003, Woodward & Hitchcock, 2003; Craver, 2007). In this framework, a
counterfactual dependence is conceptualized in terms of ideal interventions.” Specifically,
a variable E is counterfactually dependent on a variable C if and only if an ideal
intervention that alters the value of C also alters the value of E. Thus, C explains E if and
only if the relationship between them—where a change in C results in a change in E—
holds across a range of interventions. This property is referred to as invariance. In
summary, explanations are framed in terms of invariance.

Returning to OCw, the clarification provided suggests that it asserts memory and
imagination are phenomena explained by the same constitutive mechanism. In other
words, both are counterfactually dependent on the same constitutive mechanism.
Phenomena refer to stable patterns in the world identified through patterns in data. For
instance, when using fMRI to study brain regions associated with memory and
imagination, each participant produces different results. No two images are identical, and
even the same individual produces different images on different trials (Ridgeway, 2021).
Traditional scientific inquiry does not focus primarily on these particular variations, but
rather seeks to explain stable and repeatable properties. In this context, science aims to
understand why, despite variability, there is a significant degree of stability and
repeatability across participants. These stable and repeatable properties are called
phenomena. The stability of phenomena is assessed by the consistency and repeatability
of their properties as a cluster, even when different methods of investigation are deployed
(Bogen & Woodward, 1988; Bechtel, 2008, Craver & Darden, 2013; Colaco, 2018,
2020).8

Scientists characterize a phenomenon by identifying these stable properties,
including its effects, and by determining the conditions under which the phenomenon
occurs. These conditions can be producing conditions (which induce the phenomenon),
inhibiting conditions (which prevent the phenomenon), and modulatory conditions

(which alter some properties of the phenomenon) (Craver & Darden, 2013; Colaco, 2018,

" Woodward (2003) proposes that interventions are indicative of causation. However, | align with Kéastner
(2017), who argues that interventions reveal different types of counterfactual dependence, not exclusively
causal ones.

8 Unrepeatable phenomena, such as the Big Bang, are also subjects of scientific inquiry. In such cases,
phenomena are studied through stable evidence that can be repeatedly assessed. For instance, the Big Bang
is investigated through consistent effects like the cosmic microwave background and the Doppler redshift,
which can be repeatedly assessed (Bechtel, 2008).
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2020). It is noteworthy that the properties used to characterize phenomena are causal in
nature (Harinen, 2018). Therefore, these characterizations reflect aspects of the causal
structure of the world. Furthermore, the characterizations of phenomena are constrained
by this causal structure, as they are accepted, modified, or rejected based on their
correspondence with the causal aspects they represent (Colaco, 2018, 2020). Given that
characterizations both point to and are constrained by a part of the causal structure of the
world, they serve as a method of individuating natural kinds (Colago, 2022, Khalidi,
2018). In line with Glennan (2017), | consider that characterizations are a means of
sorting kinds (or kinding) according to phenomena. In this sense, the criterion for sorting
natural kinds is: if two phenomena share the same characterization, then they belong to
the same natural kind.

Crucially, characterizations of phenomena are explanatory because they reveal
counterfactual dependencies.® For instance, the conditions under which a phenomenon
occurs form part of its characterization and constitute variables that are, to some extent,
invariant with respect to the phenomenon. By delineating these variables,
characterizations have explanatory power. In particular, characterizations are explanatory
because they point to variables that belong to either producing or constituting
mechanisms. Most of the time, however, they point to variables that are components of
producing rather than constitutive mechanisms (Craver & Kaplan, 2020, Siegel & Craver,
2024).

3.2 Kinds of mechanisms

Mechanisms can be classified and individuated in various ways. A pertinent classification
for our discussion is the distinction between producing and constitutive mechanisms. For
instance, the mechanism of communication between the motor neuron and muscle cells
explains muscle contraction by demonstrating a relevant causal dependence.
Interventions on the motor neuron lead to changes in muscle cells, as evidenced by
habituation studies (Kandel, 2007). Here, the communication mechanism between the
motor neuron and muscle cells acts as a producing mechanism for muscle contraction, as
it is a condition that induces the phenomenon (Craver & Darden, 2013; Glennan, 2017).

In contrast, the sliding of filaments within sarcomeres constitutes the phenomenon itself

° It is important to emphasize that mere patterns in data are not sufficient to characterize a phenomenon.
Conditions are required, and thus characterizations appeal to causal or constitutive relationships. Mere
patterns in data are not explanatory (Siegel & Craver, 2024), but if they include explanatory variables,
including conditions, patterns become explanatory and may count as characterizations (Colaco, 2018,
2020).
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and is thus termed a constitutive mechanism. The constitutive mechanism underlies the
phenomenon itself, meaning it represents the underlying process that realizes the higher-
level phenomenon (Craver & Darden, 2013; Piccinini, 2020). Put another way, the
phenomenon can be considered as the highest level of its constitutive mechanism.
Constitutive mechanisms are explanatory in that they reveal counterfactual dependencies,
as higher-level phenomena are realized by their lower-level constituents (Piccinini, 2020).
In sum, producing mechanisms are causally related to the phenomenon while constitutive
mechanisms are part-whole related to the phenomenon.

Producing and constitutive mechanisms differ not only ontologically, in terms of
their entities and activities, but also explanatorily, as they exhibit different invariants. For
example, electrically stimulating the filaments (intervening in the constitutive
mechanism) results in muscle contraction, even without intervention in the producing
mechanism (the motor neuron). This illustrates that producing and constitutive
mechanisms explain phenomena in distinct ways: the former through external (causal)
dependencies and the latter through internal (part-whole) dependencies. 1

Both types of mechanisms can be sorted into natural kinds in various ways,
considering the phenomenon they explain, the nature of their entities, activities, or
organization, or even their etiology (Glennan, 2017). All these methods are legitimate as
they point to and are constrained by the causal structure of the world (i.e., the mechanisms
themselves). In this paper, | will consider that two mechanisms belong to the same kind
if they share the same types of entities, activities, and organization. Following Glennan
(2017), I term this approach as sorting kinds (or kinding) according to mechanisms. In
the rest of the paper, I will consider exclusively the approach of kinding according to
constitutive mechanisms unless expressed otherwise (particularly, in Section 5).1

A clarification is needed here. The individuation of kinds of mechanisms depends
on the level of abstraction of the mechanistic description. In the case of a constitutive
mechanism, its components, internal activities, and organization are found via mutual
manipulability (MM), which consists of intervening in the phenomenon and tracking the

putative components that are changed by these interventions (top-down interventions)

10 Some call internal dependences supervenience (Craver et al, 2021), while others disagree (Kastner,
2017).

11 As Craver (2009) notes, this might lead to an infinite regress of kinds. Continuists categorize phenomena
(memory and imagination) based on the mechanisms that underpin them, and mechanisms themselves are
categorized by their entities, activities, and organizational structure. However, these categories can be
individuated in various ways, making classification potentially impractical without some level of
convention (see also Tobin, 2018). For this reason, | will assume that the kinds of entities, activities, and
organization are determined by convention.
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and intervening in the putative components and tracking the changes in the phenomenon
(bottom-up interventions). Components, activities, and organizational structures that are
invariant with respect to both types of interventions are inferred to be constitutive of the
phenomenon in question. A problem that arises is that different people, different tasks,
and even the same people performing the same task in different circumstances activate
different mechanisms. For this reason, hypothesizing about kinds or types of mechanisms
requires a certain level of abstraction (Boyd, 1999, Craver, 2007, Craver et al, 2021).

The appropriate level of abstraction depends on the explanatory purpose. For
example, before performing brain surgery, a surgeon can both track the electrical activity
of specific brain areas and find a correlation between the feeling of remembering and a
specific brain region (top-down intervention) and electrically stimulate that region and
induce the feeling of remembering (bottom-up intervention) (Gillinder et al., 2022), using
MM to identify the brain mechanism of the feeling of remembering. If the purpose of this
research is to build a model of the human mechanism of the feeling of remembering,
scientists will abstract away from individual differences. If the purpose of this
investigation is to build a model of the mechanism of the feeling of remembering across
species, more differences will be discarded as not relevant to the purpose at hand, and
only the components that are shared by these species will be considered. However, if the
purpose of the study is to help a surgeon perform brain surgery and avoid damaging the
mechanism of the sensation of remembering of that particular patient, no components
should be discarded and only the mechanism of the patient undergoing surgery will be
relevant (cf. Boyd, 1999, Craver, 2009).

In this sense, depending on how the abstraction is made, kinds of mechanisms can
go beyond task-dependent phenomena (e.g., Dewey, 2024) to encompass cognitive
capacities involved in multiple tasks (Francken et al., 2022). Some examples are Bechtel's
(2011) reconstruction of the mechanism of the visual system and Francken et al.'s (2022)
discussion of the response inhibition mechanism traced across tasks.

For this reason, mechanisms are taken to be perspectival, which may mean that
OCw is not the only or even the best way to sort memory and imagination into natural
kinds.? This is especially the case because mechanisms explain phenomena, and the
appropriateness of an explanation depends on the purpose of the research, the specific
variables of interest, and what needs to be explained. Sometimes the underlying

mechanism may not be the best explanation, especially if it does not allow for the specific

12 Craver (2009) provide other reasons to consider mechanisms as perspectival.
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interventions sought in that particular research. Moreover, science arguably has multiple
goals beyond uncovering underlying mechanisms (Potochnik, 2017), and methodological
strategies, including kinding strategies, depend on the goal at hand (Massimi, 2022).
Thus, OCw is unlikely to be based on the only or even the best way to sort memory
and imagination into natural kinds; it is one possible way among many. For certain
research purposes, such as investigating the mechanisms of mental time travel or the
mechanisms underlying mental simulation, it may be the most effective approach (Addis,
2020; Robins, 2020). However, for other purposes, such as exploring how memory and
imagination affect human communication, it may not be the most appropriate sorting
method (Mahr, 2020; Andonovski, 2020). In section 4.1, | will explore how different
legitimate sorting methods lead to different kinds of the same set of phenomena, and in
section 4.2, 1 will show the consequences of this multiplicity for discontinuist objections
to OCwm. Before doing so, | will clarify the meaning of OCw in light of the framework

presented so far.

3.3 Mechanistic continuism
Given the discussion in this section, we can clarify the meaning of OCm. OCwm posits that
memory and imagination are phenomena explained by the same constitutive mechanism,
thereby classifying them as phenomena of the same natural kind when sorted according
to their constitutive mechanism!®*— potentially the Default Mode Network or the
hippocampus (Addis, 2020; De Brigard, forthcoming). However, they may differ in their
producing, inhibiting, and modulatory conditions, as well as in their effects.!* This
divergence could lead to different scientific characterizations of memory and imagination
as phenomena, causing them to be sorted into different natural kinds according to
phenomena. Nonetheless, this difference is not problematic for OCw because distinct
characterizations do not preclude the possibility that both phenomena are constituted by
the same mechanism, as | will argue in the next section.

As noted briefly in Section 3.2, evidence for constitution comes from MM
(Craver, 2007; Craver et al., 2021). Thus, if memory and imagination share the same MM
inferences, we can conclude that they are constituted by the same mechanism. Such MM

inferences can be drawn from various bottom-up and top-down interventions on memory

131 interpret the continuist claim as constitutive rather than producing mechanistic claim because
implementation, the notion adopted by continuists, indicates constitution rather than mere production.
14 For instance, Sant’Anna (2023) argues that memory and imagination have different control constraints.
Others defend that, in human communication, they have different effects (see Mahr & Csibra, 2018,
Andonovski, 2020).
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and imagination. This is the same kind of evidence that continuists like De Brigard (2014)
and Michaelian (2016) have presented in support of their view (see also Perrin, 2016).%°
For example, neuroimaging studies, which serve as exploratory interventions (Craver,
2007; Bechtel, 2008), have shown that the same brain areas are involved in both memory
and imagination (Schacter & Addis, 2007; Addis, 2020). This involves inducing the
phenomenon and monitoring changes in the related mechanisms, qualifying as a top-
down intervention (Craver, 2007; Bechtel, 2008). Top-down interventions also include
altering external conditions and observing changes in the mechanism of interest, such as
in studies where hippocampal activity is monitored while both memory and imagination
are induced, showing similar changes in hippocampal cells (Buckner, 2010). Bottom-up
interventions further support the sameness of MM in memory and imagination. For
instance, damage to the same brain areas—natural interventions (Bechtel, 2008)—results
in impairments in both memory and imagination (Hassabis & Maguire, 2009).
Additionally, artificial activation of the same mechanisms can lead to the recall of
experienced events or the representation of new/unexperienced events (Ramirez et al.,
2013; Vetere et al., 2019; Luis-Islas et al., 2022; Najenson, forthcoming). Given this
evidence, if MM is sufficient for constitution, as mechanists argue, then it is reasonable
to conclude that memory and imagination are constituted by the same mechanism.

At this point, a brief excursus is necessary for clarification. OCw asserts that
memory and imagination belong to the same natural kind. However, it is not always clear
what is meant by "memory" and "imagination” in this context. Some philosophers have
noted that it is even less clear what imagination refers to in this debate (Robins, 2020;
Langland-Hassan, 2022). As mentioned in footnote 1, the focus in the (dis)continuism
debate is on episodic memory and episodic imagination. The definition of episodic
memory has been object of interest of philosophical and scientific work (Andonovski,
2023, Andonovski et al, 2024, De Brigard, 2024). In contrast, little attention has been
paid to defining more precisely what imagination means in the debate. Since this debate
has a naturalistic motivation, a close look at how scientists use the term in the
aforementioned studies might be relevant. What scientists mean by imagination in studies
supporting OCwm is representations that are somewhat equivalent to episodic memory
representations but differ in that, while memory represents real or actual past events,
imagination represents non-real, fictitious, or non-actual events. For example, Hassabis

and Maguire (2009) propose a brain construction system that constructs representations

15 They also discuss computational evidence in favor of OCw, but as said in Section 2, in this paper |
focus exclusively on implementation.
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whose content is a scene—a coherent representation of relations among objects in a
specific local context and involving temporal sequences. In this framework, imagination
refers to scenes of non-actual events, while memory refers to scenes of actual past events.
Addis (2020) offers a slightly different view, suggesting that simulations, rather than
scenes, are the key representations. In her view, simulations are quasi-perceptual,
temporally dynamic representations. Imagination, in this case, refers to simulations of
non-actual events, while memories are simulations of actual past events. Others, such as
De Brigard & Gessell (2016), De Brigard (forthcoming), and Comrie and colleagues
(2022), argue that the episodic mechanism underlies representations with a temporally
dynamic structure of either past or counterfactual events. In this case, memory refers to
dynamic representations of past events, whereas imagination refers to dynamic
representations of counterfactual events.® Consequently, in OCw, imagination refers to a
very specific type of imagining, whether it be a scene or a simulation or a dynamic
representation, and not to all forms of imagining.

With this clarification of OCwm, | will now move on to discuss recent responses to

the thesis and demonstrate that they do not present a strong challenge to it in Section 4.

4 Assessing responses to continuism

In this section, I will summarize the critiques of OCwm and argue that they do not present
significant challenges to the thesis. | will exclude discussions that explicitly do not target
OCw, as noted in Section 2. For example, Sant’Anna (2023) addresses a version of
continuism proposed by Langland-Hassan (2022), which differs from OCm. The
responses are organized not chronologically but by the degree of challenge they pose to
continuism, starting with the least challenging and moving to the most substantial. My
argument proceeds in two steps. Firstly, drawing on the distinctions outlined in Sections
3.2 and 3.3, I will show that different legitimate methods for categorizing kinds can lead
to different outcomes (Section 4.1). Secondly, | will argue that most critiques of
continuism fail to engage with the constitutive mechanism underlying memory and

imagination and, therefore, do not directly challenge the thesis (Section 4.2).

4.1 Different legitimate kinding methods, different legitimate results
As seen, phenomena can be sorted according to their characterizations (kinding according

to phenomena) or according to the kind of mechanism the underlie them (kinding

16 | thank an anonymous reviewer for reminding me of this third view.
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according to mechanism). Some think that there is a necessary match between these two
kinding methods (Craver, 2004, 2009). In this view, the phenomenon acts as the defining
constraint for the mechanism, meaning the mechanism is described precisely as what
explains the phenomenon—neither more nor less. This perspective leads to a form of
sorting kinds where phenomena are also necessarily categorized based on their
mechanisms (see also Kaiser & Krickel, 2017). If two phenomena that are considered
different are found to be explained by the same constitutive mechanism, they are grouped
together into the same natural kind (the lumping strategy). Conversely, if phenomena that
are considered the same are found to be explained by different constitutive mechanisms,
they are classified as phenomena of distinct natural kinds (the splitting strategy) (Craver,
2004, 2009). This reasoning likely motivates OC.

However, kinding according to phenomena and kinding according to mechanisms
might lead to different sorts of the same phenomena. Kinding according to phenomena
relies on the shared characterization of stable properties and conditions (as discussed in
Section 3.1), whereas kinding according to mechanisms depends on the shared entities,
activities, and organizational structure of mechanisms (see Section 3.2). These criteria for
sorting kinds are distinct and can result in the same phenomena being classified
differently. This discrepancy becomes more apparent when considering the different
types of interventions required for each approach. Kinding according to phenomena
involves various types of interventions, while kinding according to (constitutive)
mechanisms, as seen, specifically relies on MM (Craver, 2007; Craver et al., 2021).
Therefore, the methods for kinding according to phenomena and kinding according to
mechanisms are not directly interchangeable, highlighting the limitations of a strict match
between kinding according to phenomena and kinding according to constitutive
mechanisms. ¥’

Some still may argue that since phenomena and mechanisms are in a part-whole
relationship, their kinding will naturally yield the same results (Craver, 2009, Craver &
Darden, 2013). 18 In other words, they suggest that the classification of a phenomenon
necessarily will find its way to match its underlying constitutive mechanism. As a
consequence, some defend that the only legitimate way of kinding phenomena is
according to their underlying mechanism. However, this is not always the case. Different

17 Glennan (2017) and Piccinini (2020) are representants of mechanists who accept that these two ways of
kinding result in different ways of sorting phenomena.

18 To be honest, Craver (2002, p. 68) recognizes that there are many ways to individuate mechanistic kinds,
including kinding according to phenomena and kinding according to mechanisms (Section 3.1) (see also
Siegel & Craver, 2024).
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phenomena might be constituted by the same mechanism, and the same phenomenon
might be constituted by different mechanisms (Piccinini, 2020). Hence, kinding
according to phenomena and kinding according to mechanisms might sort the same
phenomenon differently.

For instance, broccoli and cauliflower share genetic mechanisms and are both
classified under the same species, Brassica oleracea L. (Hu & Quiros, 1991). When sorted
according to mechanisms, they could be considered the same natural kind. However, they
differ significantly in stable properties such as physical appearance, taste, nutritional
content, and responses to external conditions (Shetty et al., 2007; Jiang et al., 2022).
These differences would lead to them being classified as different natural kinds when
sorted according to phenomena. Conversely, Alzheimer's Disease is likely realized by a
variety of genetic mechanisms, which could suggest it should be classified into multiple
natural kinds according to mechanisms. Nevertheless, these different mechanisms result
in similar clusters of stable properties, relevant conditions, and effects, likely making it a
single natural kind when sorted according to phenomena (Sery et al., 2017; Scheltens et
al., 2021).

This dissociation between the outcomes of these two kinding methods is supported
by studies showing that characterizations and classifications of phenomena in scientific
practice sometimes are independent of their constitutive mechanisms. For instance,
Colaco (2020) demonstrated that Long-Term Potentiation (LTP) was initially identified
in hippocampal mechanisms, but subsequent studies revealed similar phenomena in
different brain mechanisms. Despite differences in constitutive mechanisms, all of these
phenomena were categorized under the same characterization and grouped into the same
natural kind according to phenomena (see also Najenson, 2023). The splitting strategy,
which might have categorized them differently based on mechanisms, did not occur until
significant differences were found in the characterization of these phenomena.

In summary, phenomena can be sorted into kinds in multiple ways, such as
according to phenomena or according to mechanisms. These different sorting methods do
not always lead to the same categorization of phenomena into natural kinds. Therefore,
when comparing different hypotheses about how to sort kinds, it is essential to establish
whether the same criteria (phenomena or mechanism) are being used. Since both sorting
methods are legitimate, if two hypotheses use different criteria, they should not be seen
as competing because both can be true—one does not negate the other. For example,
phenomena P1 and P2 could be considered the same natural kind when sorted according

to mechanisms and different natural kinds when sorted according to phenomena, or vice
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versa. Hence, there is pluralism with respect to sorts of natural kinds. This pluralism is
further emphasized by the fact discussed in the introduction, that because natural kinds
point to the causal structure of the world and there are many different ways to sort parts
of the causal structure, then, there are different sorts of natural kinds. Moreover, as seen
in Section 3.2, even kinding according to mechanisms may lead to different sorts because
this method is highly perspectival. In light of this pluralism, | will argue in Section 4.2
that some objections to the OCwm are based on different kinding methods (i.e. not in
according to the constitutive mechanism) and, thus, do not directly compete with the OCm
thesis.

Before proceeding with the discussion, one might wonder why the continuist
thesis adopts the lumping strategy at all, if it is not necessary. Sorting phenomena into
kinds according to their mechanisms can be of great explanatory value. For instance,
uncovering underlying/constitutive mechanisms allows for more comprehensive
explanations by revealing previously undiscovered variables that may have been missing
in the characterization of the phenomenon (Andonovski, 2023). Such an approach allows
for novel and reliable inferences that would not be possible at the phenomenon level
alone. In other words, OCw is strongly explanatory and should, therefore, be defended
and pursued if correct. However, even if correct, OCw is not the only legitimate way of
sorting memory and imagination into natural kinds and depending on the method of

carving the joints of nature, memory and imagination will end up in different kinds.

4.2 Different responses to continuism

Since different methods of categorizing kinds yield distinct yet valid types of natural
kinds, any direct objection to OCwm must meet one of two criteria: either it must address
the constitutive mechanism of memory and imagination, which is the basis for OCwu's
categorization, or it must provide reasons to reject the evidence supporting OCwm presented
in Section 3.3. In this subsection, | will argue that most discontinuist critiques of OCwm
fail to meet either of these criteria and, therefore, do not constitute direct challenges to
the thesis. To support this, | have grouped various responses to continuism under distinct
categories of discontinuist views.

The first response to OCwm can be called the epistemic view. According to this
view, OCw is incorrect because memory and imagination have different epistemic roles
(Munro, 2021) or different epistemic features, such as imagination being immune to error
through misidentification, whereas memory is not (Perrin, 2016). However, according to

OCwm, memory and imagination are phenomena explained by the same constitutive
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mechanism, with kinds sorted according to (constitutive) mechanisms. Epistemic features
like those highlighted by this view have not yet been established as stable and repeatable
features that allow for scientific investigation (Craver, 2020). The epistemic view tends
to assume memory as necessarily successful, but as Robins (2020) points out, there is no
clear scientific marker to differentiate successful memory. Thus, it is unclear how the
epistemic view directly responds to continuism. It neither addresses the scientific
characterization of memory and imagination nor discusses the constitutive mechanisms
underlying them. Furthermore, it does not question the evidence in favor of continuism.
Consequently, it appears to be talking past OCwm rather than directly engaging with it.

The second response, the representational view, argues that OCw is wrong (at least
in some cases or at least incomplete) because memory and imagination present different
attitudes associated with their contents (Robins, 2020; McCarroll, 2023; see also
Sant’Anna, 2022, Langland-Hassan, 2023, for discussion). It remains unclear whether
attitudes directly address the constitutive mechanisms of memory and/or imagination. For
this view to compete with OC, its defenders must argue that the attitude associated with
memory is explained by the constitutive mechanism of memory and that this distinguishes
it from imagination. To support this claim, it is necessary first to better define attitudes as
scientific explananda. Robins (2020), along with others (e.g., Teroni, 2024), considers
attitudes to be (epistemic) feelings associated with mental states. Robins refers to this as
the feeling that characterizes the experience of seeming to remember. However, there are
compelling reasons to believe this feeling is constitutively explained by a mechanism
distinct from that of memory (Sant'Anna, 2024). In fact, Robins (2020) acknowledges
pluralism about natural kinds and recognizes that she is proposing an alternative method
of sorting memory and imagination that, while different, is not incompatible with OCw.
Notably, proponents of this view do not challenge the evidence supporting OC.
Therefore, philosophers who adopt this position in the (dis)continuism debate must clarify
how attitudes relate to the constitutive mechanism of memory or, at least, critique the
evidence favoring OCwm. To date, no such substantive critique has been offered.

The third response, encompassing computational (Khalidi, 2023a, 2023b) and
functional views (Langland-Hassan, 2022, 2023; McCarroll, 2023), argues that memory
and imagination differ in their etiologies (external conditions) and effects. Khalidi
(2023a, 2023b) specifically contends that memory and imagination draw on distinct
information sources, implying they have different inputs. In response, OCwm proponents
(e.g., Michaelian, 2016; Schacter, 2021) emphasize that memory and imagination share

similar functional profiles. Moreover, while differences in external conditions and effects
17



are relevant for kinding according to phenomena, they are less pertinent for uncovering
constitutive mechanisms, as discussed in Sections 3.1 and 4.1. External conditions pertain
to producing mechanisms rather than constitutive ones (Section 3.2). Consequently, it is
unclear how these views directly challenge OCw.

Non-competition between computational-functional views and OCw is further
supported by Khalidi's (2023a) claim that functional individuation can proceed
independently of information about underlying mechanisms. Khalidi's position may be
interpreted as advocating a non-pluralistic approach to natural kinds in cognitive science,
wherein cognitive capacities, including memory and imagination, are defined solely by
their functional profiles. From this perspective, neurocognitive mechanisms would be
irrelevant for classification (see also De Brigard, 2017). However, this stance remains
highly contested within cognitive science (see Francken et al., 2022). Moreover,
continuists could counter that different functionally individuated cognitive capacities
might still belong to the same natural kind if they are constitutively explained by the same
type of brain mechanism (Section 4.1). This argument aligns with Khalidi's earlier views
(2018). In addition, these views also do not dispute the evidence in favor of OCm. Thus,
the computational-functional perspective on the (dis)continuism debate does not directly
oppose OCw.

The fourth response, known as Trace Minimalism (Werning, 2020; Cheng &
Werning, 2016), presents the most direct challenge to OCm. According to Trace
Minimalism, memory has a dedicated mechanism, meaning that the memory mechanism
is dedicated solely to memory and does not underlie/constitute imagination. Whether
OCw or Trace Minimalism is correct is an empirical question. In this paper, I will not
delve deeply into whether Trace Minimalism is accurate. However, there are theoretical
issues with Trace Minimalism. Firstly, it assumes an essentialist notion of natural kinds,
which deviates from how scientists typically individuate kinds (Craver, 2009;
Andonovski, 2018, Massimi, 2022), and possibly from the reality of kinds (Glennan,
2017, Khalidi, 2018). Secondly, one of its most important arguments—regarding the
necessity of causation in the case of memory—is based on a priori reasoning and fails to
adequately engage with empirical evidence on the issue (Andonovski, 2022). These are
problems that Trace Minimalism must address and are not issues that OCw faces. Despite
these theoretical reasons, which are problematic, there is no strong empirical evidence for
trace minimalism and against OCw that has been published to date. As with the other

views, Trace Minimalism also does not challenge the evidence in favor of OCw.
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In summary, the responses to OCw either do not present arguments that genuinely
undermine continuism (first to third responses) or fail to provide strong evidence against
it (Trace Minimalism). A significant implication of the understanding of OCwm proposed
here is that, to present more incisive arguments, philosophers should clarify the criteria
they use for individuating kinds in the (dis)continuism debate. In addition, if they are
responding to OCwm or another view, they should clarify how the criteria they adopt relate
to those of the view to which they are responding.

5 A possible challenge for continuism

In the previous section, | argued that most responses to OCw fail to present a
significant challenge to it. In this section, however, | introduce a neglected challenge to
OCw. First, | highlight a critical issue with the evidence supporting OCwm (see Section
3.3), namely the problem of underdetermination due to the limitations of MM as evidence
for constitution. Next, | outline alternative hypotheses that directly compete with OCwm
and discuss the evidence supporting them—evidence that serves as a counterpoint to
OCw.

The core issue is that MM leads to underdetermination, making it insufficient for
ascribing constitution. Three main reasons illustrate why MM may not be sufficient for
this purpose. Firstly, MM is inferred from a variety of interventions (Kéastner, 2017). This
variability presents a problem because in many cases, there is no mutual manipulation of
every entity, activity, or organization within a mechanism, even considering different
levels of abstraction. Top-down and bottom-up interventions do not always track the same
entities or processes, which results in partial rather than complete evidence of MM.
Consequently, this partial evidence is insufficient for claiming that memory and
imagination share the same set of entities, activities, and organizational structures.
Therefore, the evidence provided in Section 3.3 might not be sufficient to establish OCwm
as the best hypothesis.

Secondly, each intervention analyzed in MM inferences provides
underdetermined evidence due to the phenomenon of fat-handedness. Ideal interventions
in C would be associated with changes in E whether C and E are causally connected or
part-whole connected (Kastner, 2017; Harinen, 2018). Consequently, interventions alone
cannot distinguish between causal and part-whole counterfactual dependencies. Since
MM is inferred from a set of interventions, it is unlikely that this set can determine

whether the relationship between C and E is causal or constitutive. This means that MM
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is not sufficient to differentiate whether memory and imagination share a constitutive
mechanism or if they are simply causally connected.

Defenders of MM as sufficient for constitution argue that the two-way
counterfactual dependence demonstrated by MM can distinguish constitutive
relationships from causal ones (Harinen, 2018; Craver et al., 2021). The idea is that MM
reveals a symmetry in interactions—intervening in both the cause and effect results in
changes in each other—which should rule out mere causation. However, this response
overlooks the third reason: MM may fail to rule out causal feedback loops and non-linear
causal systems (Késtner, 2017; Krickel, 2020). In complex non-linear systems, entities or
activities may influence each other causally without implying a constitutive relationship.
As a result, the ability of MM to rule out such causal interactions is limited, further
contributing to the underdetermination problem.*® Hence, MM is not sufficient to
differentiate whether memory and imagination share a constitutive mechanism or if they
are simply causally connected.

Due to these reasons, the evidence in Section 3.3 presented in favor of OCw is
underdetermined. Specifically, the evidence cannot definitively distinguish between the
following four hypotheses:

e Hi: Memory and imagination are underlain by the same constitutive mechanism.
e H2: The constitutive mechanism of memory is the producing mechanism of
imagination.
e Has: The constitutive mechanism of imagination is the producing mechanism of
memory.
e Ha4: Memory and imagination result from the same producing mechanism.
As noted in Section 3.2, constitutive and producing mechanisms are distinct. Constitutive
mechanisms are in a part-whole relationship with phenomena (non-causal), whereas
producing mechanisms have a causal relationship with phenomena. Therefore, Hi-Ha are
mutually exclusive. Given that MM cannot resolve the distinction between causal and

part-whole relationships, it results in underdetermination concerning these hypotheses.

19 Craver et al (2021) aim at avoiding the third reason by positing that the strength of influence of C on E
(and vice-versa) must be proportional to the strength of the intervention on C (and vice-versa). In their
argument, non-linear causal systems are unable of holding the intensity of influence backwards while
constitution holds the intensity of influence. The problem with this response is twofold. Firstly, it is not
clear what intensity/strength of influence means and how to assess proportionality between intervention
and output intensity/strength. Secondly, both alternatives are possible: 1) non-linear causal systems can
hold the intensity of the intervention; 2) constitutive systems can spread the intensity and its proportionality
might be lost when investigating just one element/activity/organization.
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In fact, Hassabis and Maguire (2009) use similar evidence from Section 3.3 to
support Hs, which suggests that memory and imagination, while related, rely on distinct
constitutive mechanisms. According to their view, a brain construction system generates
various types of scenes. The memory system uses the outputs of this system, i.e., it is uses
scenes, and adds metacognitive information to these scenes, thereby distinguishing them
as memories. As they understand the construction system as underlying imagination, the
memory system utilizes the outputs of the imagination system to create episodic memory.
Thus, while memory and imagination are closely linked, memory is not constituted by
the same mechanism as imagination; rather, it is constituted by a mechanism that depends
on the outputs of the imagination mechanism.

Evidence supporting this hypothesis includes cases demonstrating dissociation
between the mechanisms of memory and imagination. Such evidence directly contradicts
OCw and suggests that memory and imagination are explained by distinct constitutive
mechanisms. For example, individuals with onset amnesia or hippocampal damage during
infancy often show impairments in episodic recall while retaining the ability to engage in
episodic imagination (Dede et al., 2016; Cooper et al., 2011; Hurley et al., 2011; Mullaly
et al., 2014). Moreover, although hippocampal damage is famously associated with
impairments in both memory and imagination, this is not universally the case. A
significant number of patients with hippocampal damage exhibit severe deficits in
memory but retain the ability to imagine future scenarios (Schacter et al., 2012; Mullaly
& Maguire, 2014). Additionally, brain imaging studies reveal that while memory and
imagination both activate a core network, they engage distinct subsystems: one specific
to memory and another to imagination (Addis et al., 2009).

This dissociation challenges OCwm's thesis that memory and imagination are
constituted by the same mechanism. If they are not constituted by a shared mechanism
but are still closely related, this raises two possibilities: (H2) memory serves as an external
condition for imagination, or (Hs) imagination serves as an external condition for
memory, as proposed by Hassabis and Maguire (2009). For instance, imagination might
rely on memory mechanisms under normal conditions but use alternative sources when
memory mechanisms are impaired. Alternatively, as Hassabis and Maguire suggest,
memory might depend on imagination mechanisms.

Based on the same findings, some researchers, such as Ranganath (2024), have
supported Hz, which posits that imagination mechanisms draw on the performance of
memory mechanisms. Evidence for this hypothesis includes findings that imagination

relies more on semantic than episodic memory mechanisms (Irish et al., 2012; Duval et
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al.,, 2012; Strikwerda-Brown et al., 2022). According to Ranganath, imagination
mechanisms utilize the operations of both semantic and episodic memory mechanisms.
However, this evidence remains insufficient to fully justify adopting H2. While empirical
support for this hypothesis is limited, computational models based on it have
demonstrated performance consistent with human memory and imagination performances
(Whittington et al., 2020; Ranganath, 2024).

For OCwm proponents, the primary challenge is to argue in favor of Hy against Ho,
Has, and other competing hypotheses. They could begin by defending the claim that MM
is sufficient for constitution. Existing work by Harinen (2018), Krickel (2020), and
Craver et al. (2021), among others, provides a starting point for addressing these issues.
If MM is ultimately found insufficient for this purpose, proponents of OCwm will need to
provide additional evidence for Hy, specifically addressing the dissociations observed in
conditions like onset amnesia and hippocampal damage and accounting for differences in
brain imaging. In other words, continuists must directly respond to the evidence presented
in this section, which contradicts their thesis.

Unlike the responses discussed in the previous section, the challenge posed here
directly competes with OCwm. As seen, OCwm argues that memory and imagination belong
to the same natural kind due to a shared constitutive mechanism. In contrast, H> and Hs
propose different constitutive mechanisms for memory and imagination, suggesting that
memory and imagination might belong to different natural kinds when sorted according
to (constitutive) mechanisms. This highlights how multiple (dis)continuist debates can
exist, each with its own criteria for sorting natural kinds, making the dispute between
these hypotheses a significant one. In the case discussed in this section, the debate is for
a (dis)continuism regarding the constitutive mechanism. Some might propose a
(dis)continuism debate regarding many other criteria to sort kinds (see Langland-Hassan,
2023, McCarroll, 2023, for a debate regarding the functional characterization of memory
and imagination; Robins, 2020, Sant’Anna, 2021, Langland-Hassan, 2022, for a debate
regarding the attitudes of memory and imagination; Liefke, 2024, Liefke & Werning,
2024, for a debate regarding the semantics of memory and imagination).

The mechanistic framework has been instrumental in refining the scope of OCw.
It has clarified which criticisms genuinely challenge the thesis (Section 4) and what
constitutes valid evidence for or against it (Sections 3.3 and 5). Moreover, it has shown
that the evidence supporting OCw is less definitive than it initially seemed. While some
might worry that this discussion is confined to mechanistic philosophy, this is not the

case. Pluralism about natural kinds can be defended through alternative approaches (e.g.,
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Khalidi, 2018; Boyd, 2021; Massimi, 2022), and the competing hypotheses and
contradictory evidence addressed here are not restricted to a mechanistic perspective. Yet,
the mechanistic framework has provided a coherent structure for understanding original
continuism, situating it within the broader (dis)continuism debate and highlighting its

relevance in navigating different criteria for sorting natural kinds.

6 Conclusion

In this paper, | have interpreted the original formulation of continuism using a
mechanistic framework. This interpretation clarifies the original thesis, thereby allowing
for distinctions (such as those of phenomena, productive, and constitutive mechanisms)
relevant to the current state of the (dis)continuism debate. The interpretation also clarified
what is or is not a challenge to the thesis among the responses it received. In light of this
interpretation, | also introduced a possible challenge to the view: the constitutive
mechanism of memory may not be the constitutive mechanism of imagination.

This interpretation is relevant to the (dis)continuism debate for several reasons.
Firstly, it gives continuists a clearer framework for developing their position. Secondly,
continuists can focus on responding only to what really challenges their view. Thirdly,
discontinuists can have a clearer understanding of the continuist thesis in order to respond
to it. Finally, both sides can see that whether memory and imagination belong to the same
natural kind depends on the criteria used to individuate kinds. Natural kinds are natural
insofar as they point to and are constrained by the causal structure of the world. However,
there are many legitimate ways to individuate kinds and still point to the causal structure
of the world. In the (dis)continuism debate(s), philosophers should make clear how they
individuate memory and imagination, and whether (and how) their view relates to

previous positions, in order to make clear which particular debate they are engaging.

Acknowledgements

This paper has been presented in several conferences and workshops, including the |
Workshop Discente de Cognigdo Corporificada (2022), Simulationism 2023, Issues in
Philosophy of Memory 3.5 (2023), and the IV Encontro da Pds-Graduagéo em Filosofia
da UNICAMP (2023). I am deeply grateful to the audiences of these conferences for their
insightful comments and suggestions. In particular, questions and comments from Juan
Alvarez, David Colago, Carl Craver, and James Openshaw during these conferences were
instrumental in refining these ideas. Additionally, | would like to express my gratitude to

Francesca Righetti for her feedback on the final draft.
23



References

Addis, D. R. (2020). Mental Time Travel? A Neurocognitive Model of Event
Simulation. Review of Philosophy and Psychology, 11(2), 233-259.
https://doi.org/10.1007/s13164-020-00470-0

Addis, D. R., Pan, L., Vu, M.-A., Laiser, N., & Schacter, D. L. (2009). Constructive
episodic simulation of the future and the past: Distinct subsystems of a core brain
network mediate imagining and remembering. Neuropsychologia, 47(11), 2222—
2238. https://doi.org/10.1016/j.neuropsychologia.2008.10.026

Andonovski, N. (2018). Is Episodic Memory a Natural Kind? Essays in Philosophy,
19(2), 16009. https://doi.org/10.7710/1526-0569.1609

Andonovski, N. (2020). On Episodic Memory: Preservation, Reconstruction, And
Modeling [Doctoral dissertation, Johns Hopkins University]. Sheridan Libraries,
Johns Hopkins University. https://jscholarship.library.jhu.edu/items/12161146-
55d3-47e4-beOe-3e5dd7b6a267

Andonovski, N. (2022). Causation in memory: Necessity, reliability and probability.
Acta Scientiarum. Human and Social Sciences, 43(3), e61493.
https://doi.org/10.4025/actascihumansoc.v43i3.61493

Andonovski, N. (2023). Autonoesis and the Galilean science of memory: Explanation,
idealization, and the role of crucial data. European Journal for Philosophy of
Science, 13(3), 42. https://doi.org/10.1007/s13194-023-00548-3

Andonovski, N., Sutton, J., & McCarroll, C. J. (2024). Eliminating episodic memory?
Philosophical Transactions of the Royal Society B: Biological Sciences, 379(1913),
20230413. https://doi.org/10.1098/rstb.2023.0413

Bechtel, W. (2008). Mental mechanisms: Philosophical perspectives on cognitive
neuroscience. Psychology - L. Erblaum.

Bechtel, W. (2009). Looking down, around, and up: Mechanistic explanation in
psychology. Philosophical Psychology, 22(5), 543-564.
https://doi.org/10.1080/09515080903238948

Bogen, J., & Woodward, J. (1988). Saving the Phenomena. The Philosophical Review,
97(3), 303. https://doi.org/10.2307/2185445

Bondi, M. W., Edmonds, E. C., & Salmon, D. P. (2017). Alzheimer’s Disease: Past,
Present, and Future. Journal of the International Neuropsychological Society,
23(9-10), 818-831. https://doi.org/10.1017/S135561771700100X

Boyd, R. (1991). Realism, anti-foundationalism and the enthusiasm for natural kinds.
Philosophical Studies, 61(1-2), 127-148. https://doi.org/10.1007/BF00385837

Boyd, R. (1999). Kinds, Complexity and Multiple realization. Philosophical Studies,
95(1/2), 67-98. https://doi.org/10.1023/A:1004511407133

Boyd, R. (2021). Rethinking natural kinds, reference and truth: Towards more
correspondence with reality, not less. Synthese, 198(S12), 2863-2903.
https://doi.org/10.1007/s11229-019-02138-4

Buckner, R. L. (2010). The Role of the Hippocampus in Prediction and Imagination.
Annual Review of Psychology, 61(1), 27—48.
https://doi.org/10.1146/annurev.psych.60.110707.163508

Cheng, S., & Werning, M. (2016). What is episodic memory if it is a natural kind?
Synthese, 193(5), 1345-1385. https://doi.org/10.1007/s11229-014-0628-6

Christopher Jude McCarroll. (2022). Memory and Imagination, Minds and Worlds. In
A. Berninger & 1. Vendrell Ferran, Philosophical Perspectives on Memory and
Imagination. Routledge. https://doi.org/10.4324/9781003153429

24


https://doi.org/10.1007/s13164-020-00470-0
https://doi.org/10.1016/j.neuropsychologia.2008.10.026
https://doi.org/10.7710/1526-0569.1609
https://jscholarship.library.jhu.edu/items/12161146-55d3-47e4-be0e-3e5dd7b6a267
https://jscholarship.library.jhu.edu/items/12161146-55d3-47e4-be0e-3e5dd7b6a267
https://doi.org/10.4025/actascihumansoc.v43i3.61493
https://doi.org/10.1007/s13194-023-00548-3
https://doi.org/10.1098/rstb.2023.0413
https://doi.org/10.1080/09515080903238948
https://doi.org/10.2307/2185445
https://doi.org/10.1017/S135561771700100X
https://doi.org/10.1007/BF00385837
https://doi.org/10.1023/A:1004511407133
https://doi.org/10.1007/s11229-019-02138-4
https://doi.org/10.1146/annurev.psych.60.110707.163508
https://doi.org/10.1007/s11229-014-0628-6
https://doi.org/10.4324/9781003153429

Colaco, D. (2018). Rip it up and start again: The rejection of a characterization of a
phenomenon. Studies in History and Philosophy of Science Part A, 72, 32—40.
https://doi.org/10.1016/j.shpsa.2018.04.003

Colaco, D. (2020). Recharacterizing scientific phenomena. European Journal for
Philosophy of Science, 10(2), 14. https://doi.org/10.1007/s13194-020-0279-z

Colago, D. (2022). What Counts as a Memory? Definitions, Hypotheses, and “Kinding
in Progress.” Philosophy of Science, 89(1), 89-106.
https://doi.org/10.1017/psa.2021.14

Comrie, A. E., Frank, L. M., & Kay, K. (2022). Imagination as a fundamental function
of the hippocampus. Philosophical Transactions of the Royal Society B: Biological
Sciences, 377(1866), 20210336. https://doi.org/10.1098/rsth.2021.0336

Cooper, J. M., Vargha-Khadem, F., Gadian, D. G., & Maguire, E. A. (2011). The effect
of hippocampal damage in children on recalling the past and imagining new
experiences. Neuropsychologia, 49(7), 1843-1850.
https://doi.org/10.1016/j.neuropsychologia.2011.03.008

Craver, C. F. (2001). Role Functions, Mechanisms, and Hierarchy. Philosophy of
Science, 68(1), 53-74. https://doi.org/10.1086/392866

Craver, C. F. (2002). Structures of Scientific Theories. In P. K. Machamer & M.
Silberstein (Eds.), The Blackwell guide to the philosophy of science (pp. 55-79).
Blackwell.

Craver, C. F. (2004). Dissociable Realization and Kind Splitting. Philosophy of Science,
71(5), 960-971. https://doi.org/10.1086/425945

Craver, C. F. (2007). Explaining the brain: Mechanisms and the mosaic unity of
neuroscience. Clarendon Press.

Craver, C. F. (2009). Mechanisms and natural kinds. Philosophical Psychology, 22(5),
575-594. https://doi.org/10.1080/09515080903238930

Craver, C. F. (2020). Remembering: Epistemic and Empirical. Review of Philosophy
and Psychology, 11(2), 261-281. https://doi.org/10.1007/s13164-020-00469-7

Craver, C. F., & Darden, L. (2013). In search of mechanisms: Discoveries across the
life sciences. University of Chicago press.

Craver, C. F., Glennan, S., & Povich, M. (2021). Constitutive relevance & mutual
manipulability revisited. Synthese, 199(3-4), 8807-8828.
https://doi.org/10.1007/s11229-021-03183-8

Craver, C. F., & Kaplan, D. M. (2020). Are More Details Better? On the Norms of
Completeness for Mechanistic Explanations. The British Journal for the Philosophy
of Science, 71(1), 287—-319. https://doi.org/10.1093/bjps/axy015

De Brigard, F. (2014). Is memory for remembering? Recollection as a form of episodic
hypothetical thinking. Synthese, 191(2), 155-185. https://doi.org/10.1007/s11229-
013-0247-7

De Brigard, F., & Gessell, B. S. (2016). Time is not the essence: Understanding the
neural correlates of Mental Time Travel. In K. Michaelian, S. B. Klein, & K. K.
Szpunar (Eds.), Seeing the future: Theoretical perspectives on future-oriented
mental time travel (pp. 153-179). Oxford University Press.

De Brigard, F. (2017). Cognitive systems and the changing brain. Philosophical
Explorations, 20(2), 224-241. https://doi.org/10.1080/13869795.2017.1312503

De Brigard, F. (2024). Episodic memory without autonoetic consciousness.
Philosophical Transactions of the Royal Society B: Biological Sciences, 379(1913),
20230410. https://doi.org/10.1098/rsth.2023.0410

De Brigard, F. (forthcoming). Simulationism and memory traces. In S. Aranowitz, & L.
Nadel. Memory, Space, and Time. Oxford University Press.

Dede, A. J. O., Wixted, J. T., Hopkins, R. O., & Squire, L. R. (2016). Autobiographical
memory, future imagining, and the medial temporal lobe. Proceedings of the

25



https://doi.org/10.1016/j.shpsa.2018.04.003
https://doi.org/10.1007/s13194-020-0279-z
https://doi.org/10.1017/psa.2021.14
https://doi.org/10.1098/rstb.2021.0336
https://doi.org/10.1016/j.neuropsychologia.2011.03.008
https://doi.org/10.1086/392866
https://doi.org/10.1086/425945
https://doi.org/10.1080/09515080903238930
https://doi.org/10.1007/s13164-020-00469-7
https://doi.org/10.1007/s11229-021-03183-8
https://doi.org/10.1093/bjps/axy015
https://doi.org/10.1007/s11229-013-0247-7
https://doi.org/10.1007/s11229-013-0247-7
https://doi.org/10.1080/13869795.2017.1312503
https://doi.org/10.1098/rstb.2023.0410

National Academy of Sciences, 113(47), 13474-13479.
https://doi.org/10.1073/pnas.1615864113

Dewey, A. R. (2024). Anatomy’s role in mechanistic explanations of organism
behaviour. Synthese, 203(5), 137. https://doi.org/10.1007/s11229-024-04534-x

Duval, C., Desgranges, B., De La Sayette, V., Belliard, S., Eustache, F., & Piolino, P.
(2012). What happens to personal identity when semantic knowledge degrades? A
study of the self and autobiographical memory in semantic dementia.
Neuropsychologia, 50(2), 254-265.
https://doi.org/10.1016/j.neuropsychologia.2011.11.019

Elber-Dorozko, L., & Shagrir, O. (2021). Integrating computation into the mechanistic
hierarchy in the cognitive and neural sciences. Synthese, 199(S1), 43-66.
https://doi.org/10.1007/s11229-019-02230-9

Francken, J. C., Slors, M., & Craver, C. F. (2022). Cognitive ontology and the search
for neural mechanisms: Three foundational problems. Synthese, 200(5), 378.
https://doi.org/10.1007/s11229-022-03701-2

Gershman, S. J. (2017). Predicting the past, remembering the future. Current Opinion in
Behavioral Sciences, 17, 7-13. https://doi.org/10.1016/j.cobeha.2017.05.025

Gillinder, L., Liegeois-Chauvel, C., & Chauvel, P. (2022). What déja vu and the
“dreamy state” tell us about episodic memory networks. Clinical Neurophysiology,
136, 173-181. https://doi.org/10.1016/j.clinph.2022.01.126

Glennan, S. (2017). The new mechanical philosophy. Oxford university press.

Glennan, S., lllari, P., & Weber, E. (2022). Six Theses on Mechanisms and Mechanistic
Science. Journal for General Philosophy of Science, 53(2), 143-161.
https://doi.org/10.1007/s10838-021-09587-x

Irish, M., Addis, D. R., Hodges, J. R., & Piguet, O. (2012). Considering the role of
semantic memory in episodic future thinking: Evidence from semantic dementia.
Brain, 135(7), 2178-2191. https://doi.org/10.1093/brain/aws119

Harinen, T. (2018). Mutual manipulability and causal inbetweenness. Synthese, 195(1),
35-54. https://doi.org/10.1007/s11229-014-0564-5

Hassabis, D., & Maguire, E. A. (2009). The construction system of the brain.
Philosophical Transactions of the Royal Society B: Biological Sciences, 364(1521),
1263-1271. https://doi.org/10.1098/rstb.2008.0296

Hitchcock, C., & Woodward, J. (2003). Explanatory Generalizations, Part 11: Plumbing
Explanatory Depth. Nods, 37(2), 181-199. https://doi.org/10.1111/1468-
0068.00435

Hu, J., & Quiros, C. F. (1991). Identification of broccoli and cauliflower cultivars with
RAPD markers. Plant Cell Reports, 10(10). https://doi.org/10.1007/BF00234583

Hurley, N. C., Maguire, E. A., & Vargha-Khadem, F. (2011). Patient HC with
developmental amnesia can construct future scenarios. Neuropsychologia, 49(13),
3620-3628. https://doi.org/10.1016/j.neuropsychologia.2011.09.015

Jiang, Q., Zhang, M., Mujumdar, A. S., & Chen, B. (2022). Comparative freezing study
of broccoli and cauliflower: Effects of electrostatic field and static magnetic field.
Food Chemistry, 397, 133751. https://doi.org/10.1016/j.foodchem.2022.133751

Kaiser, M. |., & Krickel, B. (2017). The Metaphysics of Constitutive Mechanistic
Phenomena. The British Journal for the Philosophy of Science, 68(3), 745-779.
https://doi.org/10.1093/bjps/axv058

Kandel, E. R. (2007). In search of memory: The emergence of a new science of mind.
Norton.

Kaéstner, L. (2017). Philosophy of cognitive neuroscience: Causal explanations,
mechanisms, and experimental manipulations. Walter de Gruyter.

Khalidi, M. A. (2018). Natural kinds as nodes in causal networks. Synthese, 195(4),
1379-1396. https://doi.org/10.1007/s11229-015-0841-y

26



https://doi.org/10.1073/pnas.1615864113
https://doi.org/10.1007/s11229-024-04534-x
https://doi.org/10.1016/j.neuropsychologia.2011.11.019
https://doi.org/10.1007/s11229-019-02230-9
https://doi.org/10.1007/s11229-022-03701-2
https://doi.org/10.1016/j.cobeha.2017.05.025
https://doi.org/10.1016/j.clinph.2022.01.126
https://doi.org/10.1007/s10838-021-09587-x
https://doi.org/10.1093/brain/aws119
https://doi.org/10.1007/s11229-014-0564-5
https://doi.org/10.1098/rstb.2008.0296
https://doi.org/10.1111/1468-0068.00435
https://doi.org/10.1111/1468-0068.00435
https://doi.org/10.1007/BF00234583
https://doi.org/10.1016/j.neuropsychologia.2011.09.015
https://doi.org/10.1016/j.foodchem.2022.133751
https://doi.org/10.1093/bjps/axv058
https://doi.org/10.1007/s11229-015-0841-y

Khalidi, M. A. (2023a). Cognitive ontology: Taxonomic practices in the mind-brain
sciences. Cambridge University Press. https://doi.org/10.1017/9781009223645

Khalidi, M. A. (2023b). Kinds in the cognitive sciences: Reply to Weiskopf, Sullivan,
and Robins. Mind & Language, 39(1), 129-140. https://doi.org/10.1111/mila.12486

Krickel, B. (2020). Extended cognition, the new mechanists’ mutual manipulability
criterion, and the challenge of trivial extendedness. Mind & Language, 35(4), 539—
561. https://doi.org/10.1111/mila.12262

Langland-Hassan, P. (2022). Remembering, imagining, and memory traces: Toward a
continuist causal theory. In A. Sant’Anna, C. J. McCarroll, & K. Michaelian (Eds.),
Current controversies in philosophy of memory (pp. 19-37). Routledge.

Langland-Hassan, P. (2023). Remembering and Imagining: The Attitudinal Continuity.
In A. Berninger & i. Vendrell Ferran (Eds.), Philosophical perspectives on memory
and imagination (pp. 11-34). Routledge.

Liefke, K. (2024). Just Simulating? Linguistic Support for Continuism About
Remembering and Imagining. Review of Philosophy and Psychology.
https://doi.org/10.1007/s13164-024-00751-y

Liefke, K., & Werning, M. (2024). Diachronicity Matters! How Semantics Supports
Discontinuism About Remembering and Imagining. Topoi, 43(4), 1137-1159.
https://doi.org/10.1007/s11245-024-10068-1

Luis-Islas, J., Luna, M., Floran, B., & Gutierrez, R. (2022). Optoception: Perception of
Optogenetic Brain Perturbations. Eneuro, 9(3), ENEURO.0216-22.2022.
https://doi.org/10.1523/ENEURO.0216-22.2022

Mahr, J. B. (2020). The dimensions of episodic simulation. Cognition, 196, 104085.
https://doi.org/10.1016/j.cognition.2019.104085

Mahr, J. B., & Csibra, G. (2018). Why do we remember? The communicative function
of episodic memory. Behavioral and Brain Sciences, 41, el.
https://doi.org/10.1017/S0140525X17000012

Marr, D. (1982). Vision: A computational investigation into the human representation
and processing of visual information. MIT Press.

Massimi, M. (2022). Perspectival realism. Oxford University press.

MccCarroll, C. J. (2023). Memory and imagination, minds and worlds. In A. Berninger
& I. Vendrell Ferran (Eds.), Philosophical perspectives on memory and
imagination (pp. 35-53). Routledge.

Michaelian, K. (2016). Mental time travel: Episodic memory and our knowledge of the
personal past. MIT Press.

Mullally, S. L., & Maguire, E. A. (2014). Memory, Imagination, and Predicting the
Future: A Common Brain Mechanism? The Neuroscientist, 20(3), 220-234.
https://doi.org/10.1177/1073858413495091

Mullally, S. L., Vargha-Khadem, F., & Maguire, E. A. (2014). Scene construction in
developmental amnesia: An fMRI study. Neuropsychologia, 52, 1-10.
https://doi.org/10.1016/j.neuropsychologia.2013.11.001

Munro, D. (2021). Remembering the Past and Imagining the Actual. Review of
Philosophy and Psychology, 12(2), 175-197. https://doi.org/10.1007/s13164-020-
00499-1

Najenson, J. (2023). LTP Reuvisited: Reconsidering the Explanatory Power of Synaptic
Efficacy. Review of Philosophy and Psychology. https://doi.org/10.1007/s13164-
023-00694-w

Najenson, J. (forthcoming). Encoding without perceiving: Can memories be implanted?
Philosophical Psychology, 1-28. https://doi.org/10.1080/09515089.2023.2295927

Papayannopoulos, P., Fresco, N., & Shagrir, O. (2022). Computational indeterminacy
and explanations in cognitive science. Biology & Philosophy, 37(6), 47.
https://doi.org/10.1007/s10539-022-09877-8

27



https://doi.org/10.1017/9781009223645
https://doi.org/10.1111/mila.12486
https://doi.org/10.1111/mila.12262
https://doi.org/10.1007/s13164-024-00751-y
https://doi.org/10.1007/s11245-024-10068-1
https://doi.org/10.1523/ENEURO.0216-22.2022
https://doi.org/10.1016/j.cognition.2019.104085
https://doi.org/10.1017/S0140525X17000012
https://doi.org/10.1177/1073858413495091
https://doi.org/10.1016/j.neuropsychologia.2013.11.001
https://doi.org/10.1007/s13164-020-00499-1
https://doi.org/10.1007/s13164-020-00499-1
https://doi.org/10.1007/s13164-023-00694-w
https://doi.org/10.1007/s13164-023-00694-w
https://doi.org/10.1080/09515089.2023.2295927
https://doi.org/10.1007/s10539-022-09877-8

Perrin, D. (2016). Asymmetries in Subjective Time. In K. Michaelian, S. B. Klein, & K.
K. Szpunar (Eds.), Seeing the future: Theoretical perspectives on future-oriented
mental time travel (pp. 39-61). Oxford University Press.

Piccinini, G. (2020). Neurocognitive mechanisms: Explaining biological cognition.
Oxford University Press.

Piccinini, G., & Craver, C. (2011). Integrating psychology and neuroscience: Functional
analyses as mechanism sketches. Synthese, 183(3), 283-311.
https://doi.org/10.1007/s11229-011-9898-4

Potochnik, A. (2017). Idealization and the aims of science. The University of Chicago
press.

Ramirez, S., Liu, X., Lin, P.-A., Suh, J., Pignatelli, M., Redondo, R. L., Ryan, T. J., &
Tonegawa, S. (2013). Creating a False Memory in the Hippocampus. Science,
341(6144), 387-391. https://doi.org/10.1126/science.1239073

Ranganath, C. (2024). Episodic Memory. In Kahana, M.J. & A.D. Wagner (eds.).
Oxford Handbook of Human Memory. Oxford University Press.

Ridgeway, S. (2021). Individual differences in neural architecture supporting Mental
Time Travel [Doctoral thesis, School of Psychology, Cardiff University]. Online
Research, Cardiff. https://orca.cardiff.ac.uk/id/eprint/142679

Robins, S. (2020). Defending Discontinuism, Naturally. Review of Philosophy and
Psychology, 11(2), 469-486. https://doi.org/10.1007/s13164-020-00462-0

Sant’Anna, A. (2021). Attitudes and the (dis)continuity between memory and
imagination. Estudios de Filosofia, 64, 73-93.
https://doi.org/10.17533/udea.ef.n64a04

Sant’Anna, A. (2023). Is remembering constructive imagining? Synthese, 202(5), 141.
https://doi.org/10.1007/s11229-023-04338-5

Sant’Anna, A. (2024). Metacognition and the puzzle of alethic memory. Philosophy and
the Mind Sciences, 5. https://doi.org/10.33735/phimisci.2024.9880

Schacter, D. L. (2021). The seven sins of memory: How the mind forgets and remembers
(Updated edition). Mariner Books; Houghton Mifflin Harcourt.

Schacter, D. L., & Addis, D. R. (2007). The cognitive neuroscience of constructive
memory: Remembering the past and imagining the future. Philosophical
Transactions of the Royal Society B: Biological Sciences, 362(1481), 773-786.
https://doi.org/10.1098/rsth.2007.2087

Schacter, D. L., Addis, D. R., Hassabis, D., Martin, V. C., Spreng, R. N., & Szpunar, K.
K. (2012). The Future of Memory: Remembering, Imagining, and the Brain.
Neuron, 76(4), 677-694. https://doi.org/10.1016/j.neuron.2012.11.001

Scheltens, P., De Strooper, B., Kivipelto, M., Holstege, H., Chételat, G., Teunissen, C.
E., Cummings, J., & Van Der Flier, W. M. (2021). Alzheimer’s disease. The
Lancet, 397(10284), 1577-1590. https://doi.org/10.1016/S0140-6736(20)32205-4

gery, 0., Povova, J., Misek, 1., Pesak, L., & Janout, V. (2013). Molecular mechanisms
of neuropathological changes in Alzheimer’s disease: A review. Folia
Neuropathologica, 1, 1-9. https://doi.org/10.5114/fn.2013.34190

Siegel, G., & Craver, C. F. (2024). Phenomenological Laws and Mechanistic
Explanations. Philosophy of Science, 91(1), 132-150.
https://doi.org/10.1017/psa.2023.65

Shetty, K. G., Subbarao, K. V., Huisman, O. C., & Hubbard, J. C. (2000). Mechanism
of Broccoli-Mediated Verticillium Wilt Reduction in Cauliflower.
Phytopathology®, 90(3), 305-310. https://doi.org/10.1094/PHYTO.2000.90.3.305

Strikwerda-Brown, C., Shaw, S. R., Hodges, J. R., Piguet, O., & Irish, M. (2022).
Examining the episodic-semantic interaction during future thinking — A reanalysis
of external details. Memory & Cognition, 50(3), 617-629.
https://doi.org/10.3758/s13421-021-01222-w

28



https://doi.org/10.1007/s11229-011-9898-4
https://doi.org/10.1126/science.1239073
https://orca.cardiff.ac.uk/id/eprint/142679
https://doi.org/10.1007/s13164-020-00462-0
https://doi.org/10.17533/udea.ef.n64a04
https://doi.org/10.1007/s11229-023-04338-5
https://doi.org/10.33735/phimisci.2024.9880
https://doi.org/10.1098/rstb.2007.2087
https://doi.org/10.1016/j.neuron.2012.11.001
https://doi.org/10.1016/S0140-6736(20)32205-4
https://doi.org/10.5114/fn.2013.34190
https://doi.org/10.1017/psa.2023.65
https://doi.org/10.1094/PHYTO.2000.90.3.305
https://doi.org/10.3758/s13421-021-01222-w

Teroni, F. (2024). Memory identification and its failures. Philosophy and the Mind
Sciences, 5. https://doi.org/10.33735/phimisci.2024.10386

Vetere, G., Tran, L. M., Moberg, S., Steadman, P. E., Restivo, L., Morrison, F. G.,
Ressler, K. J., Josselyn, S. A., & Frankland, P. W. (2019). Memory formation in the
absence of experience. Nature Neuroscience, 22(6), 933-940.
https://doi.org/10.1038/s41593-019-0389-0

Werning, M. (2020). Predicting the Past from Minimal Traces: Episodic Memory and
its Distinction from Imagination and Preservation. Review of Philosophy and
Psychology, 11(2), 301-333. https://doi.org/10.1007/s13164-020-00471-z

Whittington, J. C. R., Muller, T. H., Mark, S., Chen, G., Barry, C., Burgess, N., &
Behrens, T. E. J. (2020). The Tolman-Eichenbaum Machine: Unifying Space and
Relational Memory through Generalization in the Hippocampal Formation. Cell,
183(5), 1249-1263.e23. https://doi.org/10.1016/j.cell.2020.10.024

Woodward, J. (2003). Making Things Happen: A Theory of Causal Explanation. Oxford
University PressNew York. https://doi.org/10.1093/0195155270.001.0001

Woodward, J., & Hitchcock, C. (2003). Explanatory Generalizations, Part I: A
Counterfactual Account. Nods, 37(1), 1-24. https://doi.org/10.1111/1468-
0068.00426

29


https://doi.org/10.33735/phimisci.2024.10386
https://doi.org/10.1038/s41593-019-0389-0
https://doi.org/10.1007/s13164-020-00471-z
https://doi.org/10.1016/j.cell.2020.10.024
https://doi.org/10.1093/0195155270.001.0001
https://doi.org/10.1111/1468-0068.00426
https://doi.org/10.1111/1468-0068.00426

